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The highest priority pathogens for destruction are multidrug-resistant
(MDR) Gram-negative bacteria due to its outer membrane structures. To
circumvent the limits of existing antibiotics, drug repositioning (using nonantibiotics to treat bacterial infection) may be utilized. Although zidovudine
(azidothymidine, AZT), a licensed oral antiviral medication, is an important
repurposed agent for MDR Gram-negative bacterial infections, bacterial
resistance of AZT is quickly acquired through misuse and prolonged
exposure. Here, we explored the effectiveness of ciclopirox (CPX) as an
alternative to AZT in this study. The minimum inhibitory concentration of
AZT and CPX against Gram-negative bacteria were identified. CPX
exhibited higher action against b lactamase-producing Escherichia coli, but
AZT had no selectivity of antibiotic resistant strain. Furthermore, resistance
to CPX was not seen in E. coli after 25 days, but resistance to AZT was
observed in less than 2 days. In addition, CPX successfully killed AZTresistant strains with bactericidal effect. Our findings suggest that CPX
might be used substitution or in addition to AZT medicines to treat
opportunistic Gram-negative bacterial infections.

The present study aimed to purify and genome characterize the antimicrobial
peptide produced by Bacillus subtilis subsp. subtilis MD32 isolated from
kimchi. The antimicrobial substance was sensitive to proteolytic enzymes,
indicating it is proteinaceous nature, a bacteriocin. The bacteriocin was
highly resistant to solvents such as acetonitrile, methanol, isopropanol at up
to 100% concentration. The bacteriocin was purified through ammonium
sulfate precipitation, Q-Sepharose cation-exchange chromatography and
RP-HPLC. The molecular weight was determined to be 3.4 kDa by MALDITOF mass spectrometry. B. subtilis subsp. subtilis MD32 was found to
exhibit antagonistic activity against a diverse spectrum of pathogenic
bacteria. It has one circular chromosome of 4,238,856 bp with a GC content
of 43.41 mol%. The genome encoded 4,396 proteins, with 45 tRNAs, 6
rRNAs, and 5 noncoding RNAs. The draft genome of B. subtilis subsp.
subtilis MD32 does not possess any of genes for virulence, antibioticresistance, α- hemolysis, or β-hemolysis. MD 32 genome harbors the genes
for utilization of carbohydrate and protein. A sbo-alb (sboA and albA to
albG) operon involved in bacteriocin production could be identified, which
contained the subtilosin A gene (sboA) and the subtilosin immunity gene
(albB). Also, MD 32 genome possess the genes related to bacteriocin, sporeforming, and arginine deiminase pathway. Whole genome sequencing of B.
subtilis subsp. subtilis MD32 will provide a basis for elucidation of its biocontrol
mechanisms and facilitate its applications in the future.

Keywords: Drug-repositioning, ciclopirox, zidovudine

Keywords: Bacillus subtilis subsp. subtilis MD 32, biopreservative, genome
sequencing
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Inhibitory Effects of Extract from Aster tataricus on the
Replication of Broad-Spectrum of Viruses In Vitro and In Vivo

Development of Polymer-Based Nanodiscs for Broad
Spectrum Antivirals

Ji-Won Cha and Jong-Soo Lee*

Misoo Kim, Seokoh Moon*, Younghun Jung*, Jaehyeon Hwang*,
Junghyun Yoon*, Soomin Kim*, Kyungwon Kim*, Wonbum Park*,
and Dae-Hyuk Kweon*
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34134, Republic of Korea
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The plant Aster tataricus, recorded in all versions of Chinese Pharmacopoeia,
is a traditional Chinese medicine with the functions of dispelling phlegm,
anti-microbial, anti-ulcer, and relieving cough for more than 2000 years.
The objective of this study was to determine the potential prophylactic effect
of Aster tataricus against a broad spectrum of viruses in vitro cell culture
model and the protective effect against influenza virus infection in the
BALB/c mice model. In vitro, an effective dose of Aster tataricus markedly
inhibited the replication of Influenza A virus (PR8), Vesicular Stomatitis
Virus (VSV), Newcastle Disease Virus (NDV), Herpes Simplex Virus
(HSV), and Enterovirus-71 (EV-71) infection on immune (RAW264.7) and
epithelial (HeLa) cells. Observed antiviral states in macrophage and
epithelial cells were the result of Aster tataricus induced mRNA expression
levels of anti-viral genes and type I interferon, proinflammatory cytokine
secretion. In vivo, Aster tataricus treated BALB/c mice displayed higher
survivability than the control group when challenged with a lethal dose of
the highly pathogenic influenza A subtype H1N1. We also found that
secretion of IL-6 in bronchoalveolar lavage fluid (BALF) was significantly
induced in Aster tataricus treated mice, which correlates with the observed
prophylactic effects. Therefore, extract from Aster tataricus play a role as an
immunomodulator and could be used as a potential candidate for a novel
anti-viral or anti-influenza agent.

Viral infections are responsible for global death, and the lack of antivirals for
the majority of these viruses is one of the main causes for these deaths. The
best approach can be vaccination; but, when prevention by vaccines is not
possible, drugs must be administered to prevent viral replications.
Unfortunately, most existing antivirals act intracellularly with related
problems of permeability, toxicity and specificity, and/or have a reversible
(virustatic) effect. For a drug to be ready even before emerging viruses, it has
to be a broad-spectrum antiviral. To achieve a broad-spectrum and virucidal
activity, we developed polymer-based nanodiscs (NDs) composed of
phospholipids and polymers. Styrene maleic acid (SMA) is used as an
anionic polymer which is a main tool for study of membrane proteins by
detergent-free solubilization. Due to their hydrophobicity, they entrap lipids
from liposomes, producing well-defined and stable lipid nanodiscs. We
showed these nanoparticles are discoidal and about 10 nm in diameter. Also,
we proved that these nanoparticles have potent antiviral properties against
various strains of influenza virus blocking the first step in the viral life cyclethe entry of the virus into the target cell without toxicity. In addition, the
stability from polymer aggregation and antiviral efficacies were increased in
various strains of influenza virus by structural variation to the lipid
composition. We expect that with structure optimization and clinical
validation, polymer-based nanodiscs can be biocompatible and potent
broad-spectrum antiviral agents.

Keywords: Aster tataricus, herbal medicine, anti-viral effect
[The National Research Foundation of Korea (2021R1A6A1A03045495)]

Keywords: Polymer, nanodisc, antivirals
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Stichopus japonicus (Selenka) Extract Inhibits Respiratory
Syncytial Virus Replication In Vitro and
In Vivo

Anti-Respiratory Syncytial Virus Activity of Sargassum
fusiforme Extract In Vitro and In Vivo

Kiramage Chathuranga and Jong-Soo Lee*
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Stichopus japonicus (Selenka) a sea cucumber, is an invertebrate animal
inhabiting the coastal sea around Korea, Japan, China, and Russia. It is one
of the highest commercially valuable species as seafood and it has been
commonly used for centuries in indigenous and folk medicine. Although it
has many therapeutic effects, antiviral activity against RSV has not been
reported in detail. In this study, we show that extracts from S. japonicus have
antiviral effects against Respiratory Syncytial Virus (RSV) in vitro cell
cultures and an in vivo mouse model. Treatment of human respiratory tract
cell line (HEp2) with a non-cytotoxic concentration of S. japonicus extract
significantly reduced RSV replication, RSV-induced cell death, RSV gene
transcription, and RSV protein synthesis. Additionally, the treatments
significantly diminish syncytial formation after RSV infection in HEp2 cells.
Time-dependent treatment of S. japonicus after RSV infection in HEp2 cells
showed that treatment with two-hour post-infection of virus infections can
provide a better result by demolishing further replication of RSV virus in
Hep2 cell line. Interestingly, oral inoculation with S. japonicus extract
significantly improved viral clearance in the lungs of BALB/c mice. Together,
our results suggest that extracts of S. japonicus could use as a potent natural
anti-RSV candidate.

The herb plant Sargassum fusiforme have been commonly used as medicine
and food, is regarded as a marine vegetable and health supplement to
improve life expectancy. Here, we demonstrate that S. fusiforme extract
(SFE) has antiviral effects against the respiratory syncytial virus (RSV) in
vitro and in vivo mouse models. Treatment of HEp2 cells with a noncytotoxic concentration of SFE significantly reduced RSV replication, RSVinduced cell death, RSV gene transcription, RSV protein synthesis, and
syncytium formation. Moreover, oral inoculation of SFE significantly
improved RSV clearance from the lungs of BALB/c mice. Interestingly, the
phenolic compounds eicosane, docosane, and tetracosane were identified as
active components of SFE. Treatment with a non-cytotoxic concentration of
these three components elicited similar antiviral effects against RSV
infection as SFE in vitro.
Keywords: Sargassum fusiforme, therapeutic effects, RSV
[The National Research Foundation of Korea (2021R1A6A1A03045495)]

Keywords: Stichopus japonicus (selenka), RSV, therapeutic effects
[The National Research Foundation of Korea (2021R1A6A1A03045495)]
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Characterization of Hydrolase and Antifungal Activitiy of
Bacterial Isolates from Gastrodia elata Cultivation Soil

Screening Antagonistic Bacteria against Fusobacterium
nucleatum

Jong-Beom Seo, Sang-Hee Park, Chanhoon An*, and Jei-Wan Lee
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Gastrodia elata blume is one of the medicinal plants cultivated at China,
Japan and Korea. It is popular due to efficacy in improving cerebral blood
flow and carious adult diseases. Although many studies on cultivation
techniques have been conducted to improve the productivity of G. elata, the
annual production amount is being decreased due to difficulties of
continuous cultivation by accumulation of soil pathogens (Fusarium solani,
F. oxysporum, Trichoderma hamatum, and Clonostachys rosea) causing
tuber rot. In this study, we selected the rhizosphere bacteria isolated from
G. elata cultivation sites, which have hydrolase activities of protease and
cellulase, and resistance to the soil pathogens causing the tuber rot. We con
firmed the activities of cellulase and protease using carboxymethylcellulose
(CMC) agar media and skim milk agar media. To screen antifungal activity
of the isolates to the four pathogens, the inhibition zone was measured
using paper disc diffusion method. In addition, growth inhibiting effect to
Armillaria species with a symbiotic relationship with G. elata was also tested
based on inhibition zone by dual culture. The bacteria selected in this study
will be useful for development of biological growth promoting method
improving the productivity of G. elata by preventing the fungal pathogens.

Fusobacterium nucleatum, an oral-resident Gram-negative anaerobe, is
considered to be associated with various gastrointestinal diseases such as
periodontitis, inflammatory bowel disease, and colorectal cancer. Recently,
many researchers have observed the presence of F. nucleatum in colorectal
tumors and found a high relative abundance in the stomach of gastric cancer
patients. Thus, F. nucleatum can be an important target for preventing
gastrointestinal diseases. This study screened antagonistic bacteria against F.
nucleatum by screening human gastric culture collection established from
stomach biopsies. With 913 isolates, we conducted an agar overlay and cross
streak assay and discovered that numerous Streptococcus species hindered F.
nucleatum growth. When we applied supernatants or co-cultured with F.
nucleatum, Streptococcus parasanguinis was shown to have the most
powerful impact. Two strains from our culture collection and one from the
KCTC reference strain were utilized in this study. Because the three strains
were isolated or well-cultured under distinct oxygen levels, they appear to
have varied antagonistic effects on F. nucleatum. To describe and identify the
antagonistic material, additional studies such as cloning and genetic analysis
could be necessary.

Keywords: Gastrodia elata blume, antifungal activity, hydrolase
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The Core ARGs as Contamination Indicator for
Discrimination between Effluent and Receiving Water
Yongjin Kim, Hanseob Sin, Hor-Gil Hur*, and Seunggyun Han
School of Earth Sciences and Environmental Engineering,
Gwangju Institute of Science and Technology (GIST),
Gwangju 61005, Republic of Korea
Wastewater treatment plant (WWTP) is considered as a sink and a source of
antibiotic resistance (AR). Also, the aquatic environment has been reported
as a reservoir of AR. In this study, we culture independent approaches for
investigation of antibiotic resistant bacteria (ARB) and antibiotic resistance
genes (ARGs) at WWTPs along with two River streams for four years. In
WWTPs, sewages from various sources have entered and processed. Even
with treatment process, the effluent has been reported to harbor considerable
amount of ARGs and ARB. Thus, we hypothesized that the abundance of
ARB and ARGs in effluent will be significantly different, possibly higher,
than the receiving water. We investigated 343 ARGs in effluents and
receiving waters, and found that the abundance of overall 343 ARGs was not
significantly different. However, the abundance of five core ARGs was
significantly different between effluents and receiving water by linear
discriminant analysis. It was supported by decision-making tree model
using the abundance of fiver core ARGs and aadA2 gene, revealing the two
factors (core ARGs and aadA2) could discriminate effluents and receiving
water. Thus, the two factors are suggested to be possible contamination
indicator of AR between WWTPs and the aquatic environment.
Keywords: Antibiotic resistance, WWTP, ARGs
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Isolation, Identification and Characterization of Various
Algicidal Myxobacteria and Their Algicidal Effects

Antimicrobial Spectrum and Characterization of Purified
Recombinant Micro Halocin HB384 Derived from Halophiles

Junyeong Park and Bongsoo Lee*
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Algal blooms are a common phenomenon in reservoir and lake freshwater
all over the world, but these are increasingly endangering human health due
to their widespread toxicity, odor, high biomass productivity and human use
of freshwaters. In an effort to identify a specific algicidal agent, we isolated
several myxobacteria which known as the superior producers of bioacttive
compounds such as secondary metabolites and emzymes. Among 23
myxobacteria strains, we finally isolated four myxobacteria stranis which
have negative effects on the growth of dominant algal blooms cyanobaceria
including Microcystis sp., Anabaena sp. and Aphanizomenon sp. To identify
mycobacteria derived algicidal agents, we next prepared mycobacteria
extracts and treated to cyanobacteria through the disc diffusion assay and
broth culture, repectively. The results showed that although there are some
variations, all of myxobacteria have common negative effect on
cyanobacterial growth indicating that various myxobacteria posses the
potential alicidal compunds. Based on thses results, we are in the process of
establishing the mutagenesis analysis against secondary metabolite
biosynthesis genes of two myxobacteria, Myxococcus xanthus and
Myxococcus stipitatus combinded with HPLC analysis for the development
of bio-algicidal compounds.

Excessive misuse of conventional antibiotics leads to antibiotic resistance in
bacteria, which causes super bacteria, multi-drug resistant organisms. To
solve this problem, several alternative strategies have been proposed, among
which antimicrobial peptides (AMPs) are the most promising due to they do
not reveal the resistance problem. In this study, AMPs derived from
halophiles were obtained based on the gene information of halocin peptides,
which are bacteriocin-like substances produced from halophiles. It was
named HB384, and the gene encoding HB384 was cloned into pGST vector
and the recombinant HB384 was expressed in E. coli BL21. The recombinant
protein was purified by GST affinity chromatography, and the molecular
weight of HB384 was 3.14kDa. Disk diffusion assays were performed to
evaluate antimicrobial activity. HB384 showed antimicrobial activity against
Gram-positive bacteria S. aureus, B. subtilis, and Gram-negative bacteria S.
typhimurium, E. coli. Moreover, HB384 was stable at 99℃ for 8 hours, and
antimicrobial activity against pathogen increased with the increase in the
concentration used. As a result, purified HB384 is expected to be used as a
substitute for antibiotics. In future research, we plan to conduct a study to
analyze the antiviral potential of HB384.

Keywords: Algicidal, myxobacteria

Keywords: Antimicrobial peptide, micro halocin, purification
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Temperature-Associated Trend of the Antibiotic
Resistance of Bacteria in Korea

The Cancer Therapeutic Potential of Microbial-Producing
Violacein
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Seasonality was demonstrated for gram-negative bacterial infections in
bloodstream diseases and revealed peaking in the summer correlated with
increasing temperatures (TMs). Whereas it has been reported that the
antibiotic resistance rate of gram-positive bacterial infections is lowered
when the TM increases. To date, there has been no investigation on whether
it is the seasonality of antibiotic resistance. This study analyzed the antibiotic
resistance patterns of bacteria isolated from the bloodstream by TM. From
January 2017 to December 2019, we collected 7,042 community-onset
blood isolates (4,356 of E. coli, 1,522 of K. pneumonia, and 1,164 of S.
aureus, from the 8 general hospitals participating in the Korea Global
Antimicrobial Resistance Surveillance System (Kor-GLASS). The
cephalosporins (p=0.046) and fluoroquinolones (p=0.010) resistance rate of
K. pneumoniae increased as the TM increased, but the cephalosporins
resistance rate of E. coli was no significant difference. Our findings are
contrary to published reports that the cefoxitin resistance rate of S. aureus
decreased as the TM increased. Although there may be other mechanisms
supporting the relationship between antibiotic resistance and TM, it is
suggested that there is some relationship between them.

Violacein is an indole-derived purple pigment produced by various gramnegative bacteria. violacein can be biologically synthesized by condensation
of two tryptophan molecules through successive catalysis of the five
enzymes, VioA, VioB, VioE, VioD, and VioC. The pigment has been known
to serve as a bacterial defense mechanism against specific predators, helping
violacein-producing bacteria survive effectively in diverse environments.
Previous studies have shown that the bacterial extracted violacein has
extensive biological properties including antiviral, antioxidant, antifungal,
and antibacterial activities against Staphylococcus aureus and other Grampositive pathogens. Particularly, several studies reported that violacein
induced apoptosis in a variety of cancer cells. This study aimed to examine
the cytotoxic effects of violacein extracted from Massilia sp. NR4-1 on two
human colorectal cancer cell lines (Caco-2 and T84) or normal primary
intestinal epithelial cell at various concentrations and time points. Notably,
treatment with 0.5-2 uM violacein for 24 or 48 hours decreased viability in
cancerous Caco-2 and T84 cells while normal human intestinal epithelial
cell was not susceptible to same doses of the extracts during 48 hours.
Conclusively, these results suggest that violacein has the potential to be
developed as an anticancer chemotherapeutic agent for the treatment of
colorectal cancer.

Keywords : Antibiotic resistance, local temperature, seasonal change
[This study was supported by a grant of the Korea National Institute of
Health (2017-NI44002-00, 2020-NI-023-00).]

Keywords: Violacein, cytotoxicity, colorectal cancer
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Costus speciosus Aqueous Extracts Prevent H1N1
Influenza Viral Replication In Vitro and Demonstrate
Therapeutic Potential against H1N1 Influenza

Development of AMR Gene Detection Method for Colistin,
Fluoro-Quinolone-Resistance Variants with SNPs in Major
Pathogenic Bacteria

Amal Senevirathne, E. H. T. Thulshan Jayathilaka,
D. K. Haluwana, Tae Won Kim, Jong-Soo Lee, and Mahanama De Zoysa*

Seyoung Ko1,2, Jaehyung Kim1, Seung-Min Yang3,
Jaewon Lim1,2, Sang-Mok Lee1, Jong Ryeol Kim4,
Hae-Young Kim3*, and Donghyuk Kim1,2,5*

Department of Preventive Medicine, College of Veterinary Medicine,
Chungnam National University, Yuseong-gu, Daejeon 34134, Republic of
Korea

1
School of Life Sciences, Ulsan National Institute of Science and
Technology (UNIST), Ulsan 44919, Republic of Korea, 2School of
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This study investigates the efficacy of the Costus speciosus aqueous leaf
extract against the influenza H1N1 using in vitro system. The powdered leaf
samples were liquid phase extracted at 100℃ and named TB-100. The herb
extract demonstrated a 50% cytotoxic concentration at 130.08 µg/ml.
Twelve-hour exposure of TB-100 at 5, 10, 20, and 40 µg/ml revealed
significant viral inhibition in pre-treated RAW264.7 cells against the
challenge with GFP expressing H1N1(PR8). The treatment resulted in a
significant reduction in GFP absorbance and an approximately 4-log
reduction in viral copy number compared to the virus alone control. The
50% effective concentration of TB-100 was determined to be 1.82 µg/ml and
no significant cytotoxicity was observed within the treatment range. The
antiviral effect of TB-100 was further corroborated in non-phagocytic cell
lines A549 and HepG2. Induction of immunological markers revealed
significant elevation of IL-6 and IFN-1β immunomodulatory cytokines,
both in ELISA and qRT-PCR, and did not show a significant interaction
with either TLR2 or TLR4 inflammatory pathways. It also demonstrated
potential activation of the TCA cycle, exerting a metabolic pressure on viral
replication. High-performance liquid chromatography revealed cinnamic
acid, chlorogenic acid, and caffeic acid as major chemical constituents which
might implicate antiviral activity. Further investigations are necessary to
develop a therapeutic intervention using TB-100 for seasonal influenza.

While the increasing antibiotic-resistance (AMR) of pathogenic bacteria
poses a serious burden on public health, the approaches for monitoring the
AMR of pathogenic bacteria remain limited. In this study, the diagnostic kit
was designed to detect the colistin, fluoroquinolone-resistance genes
constituted of SNPs using SYBR green real-time PCR assay. The target gene
was selected based on the AMR occurrence as determined by WGS Analysis.
As a result, a total of 35 genes were appointed that could cover 99% or more
of their hit, but it was also confirmed that the target genes had significant
sequence similarity by subgroup and consisted of SNPs. To counteract this
issue, the detection kit included 45 combination primers using a 3'-mismatch
primer design technique, as well as 13 singular gene detection primers
designed to specifically detect corresponding resistance gene for each. This
assay was evaluated using 35 reference strains. It was confirmed that 58
detection primer sets designed through this method could detect the SNP
pattern in the isolated strains. Therefore, we report the development of a
particular approach based on a Real-Time PCR to detect colistin, quinolone,
and fluoroquinolone-resistance gene with multiple variants with a high
mutation rate in pathogenic strains.

Keywords: Costus speciosus, leaf extract, influenza H1N1
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Characterization of Bacteriophage SA3 and Its Endolysin
LysSA3 Targeting Staphylococcus sp.
Jaehyun Cho1, Ryeonhoe Seo1,2, and Youngju Kim1*
1

Optipharm Inc., Cheongju-si 28158, Republic of Korea, 2Department of
Microbiology, Kyungpook National University, Daegu 41944, Republic of
Korea

Staphylococcus aureus is a prevalent pathogen to human that causes both
nosocomial and community-acquired infections. Treating these infections
with bacteriophage is viable option when antibiotics fail. Phages that infect
the specific S. aureus was previously isolated from wastewater, and we
obtained LysSA3 endolysin using phage SA3 genes. The objectives of this
work were to characterize and compare lytic activity of phage SA3 and
LysSA3, and to determine antimicrobial activity of two them. Phage SA3
was Myoviridae and the genomes of SA3 were 142,627 bp with 223 genes.
And LysSA3 obtained with E. coli pET28a/BL21(DE3) expression system. In
the bacterial challenge test showed that phage SA3 can kill bacteria clearly in
4 hours at MOI 1. In the results of LysSA3, the endolysin diminished the
bacterial cells within 30 minutes, and MIC value was 12.4 µg/mL. However,
there is no difference in the antimicrobial spectrum of phage SA3 and
LysSA3 all staphylococcal strains tested. The host spectrum test of phage
SA3 and LysSA3 revealed that efficiently inhibits the growth of S. aureus, S.
epidermidis, S. xylosus as well as Methicillin-resistant S. aureus. Because of
these, phage SA3 and LysSA3 will be useful for the antibiotic alternatives in
the part of Staphylococcus infection.
Keywords: Staphylococcus aureus, bacteriophage, endolysin
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Cedrus deodara Aqueous Extract and Its Active
Ingredients to Inhibit the Proliferation of the H1N1
Influenza Virus In Vitro

Linezolid Resistance in Enterococci Isolated from Human
and Food-Producing Animals in Korea

E. H. T. Thulshan Jayathilaka, Amal Senevirathne, D. K. Haluwana,
Jong-Soo Lee, and Mahanama De Zoysa*

Division of Antimicrobial Resistance, Centers for Infectious Diseases
Research, National Institute of Health, Cheongju-si, Chungcheongbuk-do
28159, Republic of Korea

Younggwon On, Sung Young Lee, Jung Sik Yoo, and Jung Wook Kim*

College of Veterinary Medicine, Chungnam National University,
Yuseong-gu, Daejeon 34134, Republic of Korea

Transferable optrA-carrying linezolid-resistant Enterococci (LRE) is
reported worldwide in humans and livestock. We aimed to characterize the
genetic environment of optrA in LRE isolates collected in hospitalized
patients, pigs, cattle and chickens from 2017 to 2019. Twenty-one LRE
isolates were screened for linezolid resistance genes (cfr and optrA) by realtime PCR. All optrA-positive isolates underwent WGS by hybrid assembly
combining short-read (Illumina Miseq) and long-read (MinION)
approaches. Ten optrA-carrying LRE were identified. The optrA gene was
located on plasmid in one isolate and within the chromosome in 9 isolates.
One distinct optrA-harbored plasmid (71.2 kb) co-carried genes for resis
tance to phenicol, aminoglycoside, and macrolide. Three E. faecalis isolated
from pig coharbored optrA and poxtA, and the linezolid MIC of these
strains was 16 μg/ml. Four types of optrA variants were identified; optrA_4
and optrA_5 in patients, optrA_6 in pigs and cattle, optrA_12 in chicken.
These results demonstrate dissemination of linezolid resistance genes in
Enterococci across different hosts in Korea. It is important to identify the
selection pressures that drive the emergence of resistance to linezolid in
humans and animals to maintain the clinical usefulness of linezolid.

The essential oils derived from Cedrus deodara are extensively used in
ayurvedic medicine. Although Cedar oil is widely applied as an antifungal
agent, the antiviral activity of C. deodara extracts against the H1N1 influenza
virus (PR8) has not been reported in detail. In this study, we isolated the
aqueous extract of C. deodara leaves (CDE) and evaluated the antiviral
activities against PR8 in the human respiratory tract cell lines (Hep2 and
A549). An effective dose of CDE significantly reduced the replication of PR8
in both Hep2 and A549 cells and reduced the PR8-induced cell death. This
antiviral activity of CDE against PR8 was induced through the induction of
interferon-beta and Interleukin 6 in Hep2 cells. In HPLC analysis, several
medicinally important compounds were found in the aqueous fraction of
CDE. Among them, caffeic acid (0.0595%), ferulic acid (0.0137%), and
myricetin (0.0476%) were identified as potential antiviral agents present in
CDE to induce antiviral activity against the PR8. In conclusion, the CDE and
its active components take part in functions as immunomodulators and
could be a possible source of favorable natural antivirals that can grant
protection to the H1N1 influenza virus infections. These outcomes should
promote further associated studies on other natural sources.

Keywords: Enterococci, linezolid, optrA gene

Keywords: Cedrus deodara extract, H1N1 influenza virus

[This study was supported by a grant of the Korea National Institute of
Health (2020-NI-022-00).]

A-20
The Specialized Bank of Multidrug Resistant Pathogens
for Accelerating Research and Development in Antibiotic
Resistance
Sung-Young Lee, Ji-Hyun Nam, Jae Hyun Choi, Seok Hyeon Na, and
Jung Sik Yoo*
Division of Antimicrobial Resistance, Centers for Infectious Diseases
Research, National Institute of Health, Cheongju-si, Chungcheongbuk-do
28159, Republic of Korea
Multidrug-resistant bacteria specialized pathogen resource bank founded in
2020 in Korea NIH. The bank will serve as a National Antibiotic-Resistant
Microbial Resource Centre and it will provide highly characterized isolates
in September 2022. The bank collected over 16,742 types and references
antibiotic-resistance bacterial strains from AMR surveillance (Kor-GLASS)
and many One Health approach researches. Our collections are accessible to
academic/public health institutions, clinical and commercial laboratories,
companies in Korea. They can be used for evaluating the efficacy of potential
new drugs and for developing new diagnostics. Up to date, a total of 867
isolates (11 species), such as CRE, CRAB, CRPA, MRSA, VRE, colistin
resistant Enterobacteriaceae, etc., have been highly characterized and
registered with the NCCP according to the information and phenotypes,
and preservation characteristics of isolates. In addition, we have plan to
select and register new isolates based on the criteria every year. Each isolates
will characterized to determine the antibiotic resistance genes, sequence
types, WGS and the resistance mechanisms.
Keywords: Multidrug-resistant bacteria specialized pathogen resource bank,
antibiotics, NCCP
[This study was supported by a grant of Korea National Institute of Health
(2020-NI-021-00).]
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Prediction of Salmonella Serotype Using Whole Genome
Sequence Analysis

Characterization of Tetracycline Resistant in Escherichia
coli Isolated from Diarrhea Patients in Korea between
2009 and 2018

Jae-Hyun Choi, Young-Gwon On, Seok-Hyeon Na, Sung-Young Lee,
and Jung-Sik Yoo*

Ji-Hyun Nam, Sangrim Kang, and Jung Sik Yoo*

Division of Antimicrobial Resistance Research, National Institute of
Infectious Diseases, National Institute of Health, Cheongju-si 28159,
Republic of Korea

Division of Antimicrobial Resistance, Centers for Infectious Diseases
Research, National Institute of Health, Cheongju-si, Chungcheongbuk-do
28159, Republic of Korea

Salmonella enterica is divided into six subspecies and consists of more than
2,600 serotypes. The standard Salmonella serotyping method is based on the
agglutination of bacteria with specific sera, but there are several issues such
as high cost, need for skilled personnel, and false-positive reactions. This
study aims to investigate whether the conventional serotyping method could
be replaced with serotype prediction using whole genome sequence (WGS)
for identification of Salmonella serotypes predominant in Korea. We
produced the WGS data of 12 Salmonella isolates representing 7 different
serotypes most frequently detected in Korea using three platforms (Illumina
Miseq, Pacbio sequel II, and Oxford MinION). The depth of genome
coverage was divided into 30×, 50×, 100×, and 150× using the Rasusa
(Randomly subsample sequencing reads to a specified coverage) tool.
Comparing the serotypes determined by agglutination with the prediction
results from the most commonly used serotype analysis tool, SeqSero2, all
predictions using WGS data were consistent with actual serotypes, even with
the low-depth sequencing. Our results shows that serotypes of almost
Salmonella annually collected in Korea could be identified using WGS more
quickly and cost-effectiveness.

This study aimed to investigate the genetic characteristics of tetracycline
resistance and plasmid of high-level tetracycline-resistant E. coli isolates
(TET-HR, MIC ≥128 μg/ml) from diarrhea patients in Korea between 2009
and 2018. A total of 4,147 pathogenic E. coli were collected, among them 848
isolates were resistant to tetracycline (20.4%) and 268 were TET-HR. We
investigated the physiological and molecular characteristics of 268 TETHRs. In TET-HRs, EPEC (53.7%) and ETEC (35.8%) were found
predominantly. All of TET-HRs were resistant to AMP, SXT, and NAL and
they showed MIN 10.8%, DOX 34.3%, and TIG 11.2% resistance, and ESBL
was confirmed as 19.0%. The tet(A) (59.7%) gene was the most prevalent,
followed by tet(B) (51.5%). The tet(B) gene could cause minocycline
(p<0.001) and tetracycline resistance at the same time. 104 different STs
were detected among TET-HRs and ST182 was the most prevalent. The
most frequent plasmid replicon types were IncF and IncI groups. Although
resistance profiles, genes, STs, and plasmid types were very diverse, a
significant correlation between tetracycline resistance genes and plasmid
types was not observed. Further studies including sequencing of bacterial
genomes may allow us to enable a more accurate analysis of molecular
characteristics.

Keywords: Salmonella enterica, serotyping, whole genome sequence

Keywords: Tetracycline resistant E. coli, diarrhea, tet gene

[This study was supported by a grant of the Korea National Institute of
Health (2020-NI-021-00).]

[This study was supported by a grant of the Korea National Institute of
Health (2019-NI-081-00).]
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Effect of Quaternary Ammonium Compounds and
Chlorine Disinfectants on Antibiotic Resistance in GramNegative Bacteria

A-24
Indole-3-Propionic Acid Induced Ca2+-Dependent
Apoptosis in Candida albicans

Ji-Hyun Nam, Ji Woo Yang, Sung Young Lee, and Jung Sik Yoo
Division of Antimicrobial Resistance, Centers for Infectious Diseases
Research, National Institute of Health, Cheongju-si, Chungcheongbuk-do
28159, Republic of Korea

Giyeol Han and Dongun Lee*
School of Life Sciences, BK21 FOUR KNU Creative BioResearch Group,
Kyungpook National University, Daegu 41566, Republic of Korea

Disinfectants have been widely used in public health but this exposure can
also result in the development of bacterial tolerance to disinfectants and this
is openly linked to antibiotic cross-resistance. The object of this study was to
investigate QACs and NaOCl tolerance of Gram-negative bacteria isolated
from the human-environment and evaluate cross-resistance. The study
results revealed the impact of disinfectants in promoting microbial
disinfectant tolerance and antibiotic resistance in Gram-negative bacteria,
especially P. aeruginosa. As an example of cross-resistance, the resistance of
β-lactams and colistin have increased as the increasing prevalence of QAC
tolerances. The most frequently detected disinfectant tolerance genes
located on plasmids were qacEΔ1 (55.2%, n=96), qacG (8.3%), and qacE
(7.3%). However, we did not find a correlation between qac genes presence
and MIC levels. Our study indicated that disinfectants most likely played an
important role in the emergence of disinfectants tolerance and increase of
antibiotic. The issue of disinfectant tolerance should be examined in more
detail at the level of One Health, along with antibiotic resistance.

Indole-3-propionic acid (IPA) which majorly influences the modulation of
cellular respiration is a metabolite generated by gut microbiota. The
antimicrobial effects of IPA have not been previously demonstrated.
Therefore, this study focused on investigating the antimicrobial activity of
IPA. Initially, antifungal activity of IPA against Candida albicans was
observed, accompanied by variations in mitochondrial respiration
indicating modulation of NAD+/NADH ratios. Consumption of O2
contributes to the respiratory regulation and triggered by Ca2+ overloading.
After treatment with IPA, the cells were monitored, and Ca2+ increases
leading to membrane depolarization and reactive oxygen species (ROS)
accumulation in mitochondria were noted. Depolarization of mitochondria
membrane induced release of pro-apoptotic proteins in mitochondria.
Oxidative stress exerted by ROS contributed to glutathione depletion and
oxidation of GSH. Fragmentation of DNA is a characteristic event leading to
apoptosis and accompanies major hallmarks of apoptosis including
phosphatidylserine exposure and metacaspase activation. In addition,
phosphatidylserine exposure and metacaspase activation. In conclusion,
IPA triggered apoptosis in C. albicans under the influence of Ca2+.

Keywords: Antibiotics and disinfectant resistance, cross-resistance, qac gene
[This study was supported by a grant of the Korea National Institute of
Health (2020-NI-023-00).]
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Investigation of Distinct Contribution of Nitric Oxide and
Each Reactive Oxygen Species in Indole-3-PropionicAcid-Induced Apoptosis-Like Death in Escherichia coli

Mechanism of Action of an Engineered Phage Endolysin
LNT103
Kyungah Park1, Youngjin Cho1, Seohyeon Lee1, Won-su Yoon1,3,
Min-Duk Seo1,3, and Hyunjin Yoon1,2*

Min Seok Kwun and Dong Gun Lee*
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Department of Molecular Science Technology, Ajou University, 206 World
cup-ro, Yeongtong-gu, Suwon 16499, Republic of Korea, 2Department of
Applied Chemistry and Biological Engineering, Ajou University, 206 World
cup-ro, Yeongtong-gu, Suwon 16499, Republic of Korea, 3College of
Pharmacy and Research Institute of Pharmaceutical Science and
Technology (RIPST), Ajou University, 206 World cup-ro, Yeongtong-gu,
Suwon 16499, Republic of Korea

Indole-3-propionic acid (IPA) is a natural product from human microbiota,
exhibiting diverse biological activities. The study focused on investigating
the antibacterial mode of action(s) triggered by IPA in Escherichia coli.
Separate influence of nitric oxide (NO) and each reactive oxygen species,
including superoxide anion (O2−), hydrogen peroxide (H2O2), hydroxyl
radical (OH−), was specifically analyzed throughout the process. The
generation of respective reactive oxygen species (ROS), NO, and ONOO−
was conducted using flow cytometer using different dyes. Further analysis of
separate influences was held based on usage of each scavenger: sodium
pyruvate, thiourea, tiron, and L-NAME. Oxidative cell damage was observed
through the detection of glutathione depletion and lipid peroxidation. DNA
fragmentation and membrane depolarization were observed by TUNEL and
DiBAC4(3) staining agent. Finally, Annexin V/PI and FITC-VAD-FMK
were applied to detect apoptosis-like death. IPA exhibited antibacterial
activity in E. coli through the accumulation of ROS, NO, ONOO−, and DNA
damage, eventually leading to apoptosis-like death. NO and O2− exerted the
most potent influence on oxidative damage of E. coli, whereas H2O2 accounts
for the least impact. Moreover, the results reveal the major contribution of
ONOO− in IPA-induced apoptosis-like death in E. coli. This study introduces
the antibacterial activity and apoptosis-like death induced by IPA and
suggests the possibility of being an alternative for current antibiotics.
Furthermore, the distinct influence of each ROS and NO was analyzed to
investigate their contribution to oxidative damage leading to bacterial
apoptosis-like death.

Endolysins are bacteriophage-derived enzymes produced at the end of their
lytic cycle to degrade the peptidoglycans of the bacterial cell wall, resulting
in release of progeny phages. Due to this enzymatic activity, endolysins are
considered promising antibacterial agents. In Gram-negative bacteria,
however, the outer membrane hinders the access of endolysin applied in an
extracellular manner. Therefore, we engineered an endolysin to improve its
efficacy against Gram-negative pathogens. An endolysin encoded by
Pseudomonas aeruginosa phage PBPA90 was engineered by substituting the
15 amino acids (mtPA90) and further by fusing the antimicrobial peptide
cecropin A to its N-terminus (LNT103). Bactericidal activity, membrane
permeability, and lipopolysaccharides (LPS) destabilization were compared
between mtPA90 and LNT103. Cecropin A of LNT103 accelerated the
disruption of the inner membrane as well as the outer membrane, leading to
faster killing of Escherichia coli. An LPS mutant strain with an altered lipid
A structure was more susceptible to both endolysins, suggesting that the
integrity of lipid A is important to dampen endolysin penetration into
bacterial membrane. This study defined the molecular mechanism of action
in destructing Gram-negative pathogens by LNT103.
Keywords: Endolysin engineering, gram-negative bacteria, membrane
permeability

Keywords: Indole-3-propionic acid, Escherichia coli, apoptosis-like death
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Unveiling the Mechanism of Action by Recombinant
Endolysin LNT113 against Gram-Negative Bacteria

Antibacterial Activity of Bacillus sp. B19-108 against
Black Rot

Jeongik Cho1, Kyungah Park1, Eunsuk Kim1, and Hyunjin Yoon1,2*
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Immunoregulatory Materials Research Center, Korea Research Institute of
Bioscience and Biotechnology, 181 Ipsin-gil,
Jeongeup-si, Jeonbuk 56212, Republic of Korea, 2Division of
Biotechnology and Advanced Institute of Environment and Bioscience,
College of Environmental and Bioresource Sciences, Jeonbuk National
University, Iksan-si 54896, Republic of Korea

Bacteriophage lysins, also known as endolysins, are produced by
bacteriophages at the end of their cycle to lyse host bacterial cells. In this
study, an engineered endolysin LNT113 was constructed by fusion of
cecropin A to the N-terminus of mtEC340M endolysin and its mechanism
of action was investigated against Gram-negative bacteria. A series of
biochemical and microscopic experiments revealed that cecropin A, an
antimicrobial peptide, significantly increased the membrane permeability,
both the outer membrane and inner membrane, validating that engineering
with cecropin A could improve the killing efficacy of endolysins against
Gram-negative bacteria. LNT113 did not compromise the structural
integrity in bacterial lipopolysaccharide. However, Escherichia coli mutant
stains possessing structural alternations in core and lipid A moieties of
lipopolysaccharide showed increases in the permeability of LNT113 across
the inner membrane as well as the outer membrane. These results indicate
that lipopolysaccharide, especially core and lipid A, is crucial for Gramnegative bacteria to resist the penetration of a cecropin A-conjugated
endolysin across the membrane. This study sheds light on the potential of
LNT113 as an alternative to antibiotics against Gram-negative bacteria.

Xanthomonas campestris pv. campestris (Xcc) is the causative agent of black
rot, a disease that severely damages cruciferous plants. It is transmitted by
contact, water splash, and also through seeds. However, there are no
commercially registered chemicals or biologics for the control of this
disease. In this study, antibacterial activity against microorganisms isolated
from soil was evaluated using X. campestris, a strain that causes black rot. A
mong them, strains with excellent antibacterial activity and enzyme activity
were selected and 16S rRNA sequencing was performed. As a result, it was
identified as the genus Bacillus and named Bacillus sp. B19-108. After
powder formulation of Bacillus sp. B19-108, the effect of inhibiting the
occurrence of V-shaped yellow lesions, a symptom caused by Xcc infection,
was investigated using Chinese cabbage. As a result of the experiment, it was
confirmed that the range of V-shaped yellow lesions was reduced in the
Bacillus sp. B19-108 treatment group compared to the Xcc alone treatment
group. Therefore, it is considered that additional studies such as extended
efficacy evaluation for cruciferous crops using Bacillus sp. B19-108 strain
and field tests in facility cultivation are needed.

Keywords: Endolysin, gram-negative bacteria, cecropin A

Keywords: Black rot, Xanthomonas campestris pv. campestris, Bacillus sp.
B19-108
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Synthesis of Plant Base Siver Nanoparticles and
Their Mechanistic Role against Antimicrobial Resistance
(AMR)

Phylogenetic and Functional Analyses of Novel
β-Lactacmases from an Environmental
Enterobacteriaceae Species
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The environment has been perceived as the origin and reservoir of antibiotic
resistance genes (ARGs) in the era of resistome. Numerous ARGs which
have not been previously characterized in the clinic, were identified in
environmental bacteria and some of them were regarded as urgent threats
considering their potential mobilization to pathogens. In this study, an
enterobacteriaceae strain which is the closest to the opportunistic pathogen
Scandinavium goeteborgense, was isolated from the environment and their
ARG repertoires were analyzed based on its genome sequences. Among
identified ARGs, two β-lactamases belonging to ambler class A and C were
found to form distinguished clades in β-lactamase phylogenetic tree. Both
β-lactamases showed the relatively low similarity to the previously
characterized β-lactamases (77.1 and 79.1%, respectively) and they displayed
an extended spectrum and conferred carbapenemase activity as well,
indicating the presence of novel β-lactamases in this stain. Analyses of
genetic context of these novel ARGs will be conducted to comprehend the
level of risk of them in the clinic.

Biosynthesis of silver nanoparticles by plants and plant extracts has become
emerging biotechnology, particularly in the application of such particles to
combat pathogenic microorganisms. This is a more biologically and
environmentally friendly technique than chemical or physical means of
producing silver nanoparticles. The antibacterial activity of bio nanoparticles
has been extensively explored during the past decade. One of the most
concerning issues in the modern world is antibiotic resistance among
harmful microorganisms. The persistent use of antibiotics rapidly increases
the emergence of resistant microbial strains. the short life span of new
antibiotics and their rapid ineffectiveness due to the resistant microbial
strains Pharmaceutical industries stop the production of new antibiotics.
Due to such circumstances when no or few new antibiotics are developed
while resistant strains evolve faster further intensifies the problem of
antibiotic resistance. In such situations, the world needs new ways to combat
the problem of antibiotic resistance. Silver Nanoparticles emerge as an
effective means for treating many resistant microbes. The specific features of
size, morphology, and shape of plant-based AgNPs give them the potency to
fight against multi-drug resistant bacteria. The synthesis of silver
nanoparticles from a plant extract of Salvia moorcroftiana and used against
Antimicrobial-resistant strains of Staphylococcus aureus for their
degradation. After treatment, the bacteria with plant-based silver
nanoparticles made clear zones of inhibition in the culture plates.

Keywords: β-Lactacmase, enterobacteriaceae, environment

Keywords: Biogenic silver nanoparticles, multi-drug resistant bacteria,
Natural extracts
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Identification of Antibacterial Mechanism against
Streptococcus mutans of Diterpenoids Derived from
Aralia continentalis through Transcriptome Analysis

In Vitro Antiviral Activity of 6-Thioguanine against
Zika Virus
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Zika virus (ZIKV), which was first discovered at Zika forest, Uganda in
1947, is an emerging virus that is transmitted by mosquitoes of the genus
Aedes, particularly Aedes aegypti. ZIKV became a potential public health
care burden since its geographical spread to over 80 countries worldwide.
The health risks of ZIKV infection, particularly in individuals who are
pregnant or immunocompromised, are still ongoing threat in areas where
virus and competent vectors are circulating. Despite the efforts made during
the past 5 years since the recent large outbreaks of ZIKV infection had
waned, there are, as yet, no vaccines and antiviral drugs clinically approved
for ZIKV. Here we show anti-ZIKV activity of 6-thioguanine (6-TG), which
has been clinically used since 1950s to treat acute lymphoblastic leukemia
(ALL) and various inflammatory and immunological disorders such as
inflammatory bowel disease (IBD), psoriasis, and systemic lupus
erythematosus (SLE). Despite potent antiviral activity of 6-TG against ZIKV
in cell culture, besides its potential to interfere with purine nucleotide
synthesis, its mechanism to inhibit viral RNA polymerase has not been yet
investigated in detail. Our results show that the metabolized form of 6-TG,
namely 6-TG triphosphate, can be incorporated into nascent viral RNA
strand and interferes with RNA synthesis by ZIKV RNA polymerase.

Aralia continentalis is a perennial herb species belonging to the family
Araliaceae and has been used for its anti-inhibitory, anti-diabetic, anticancer
and antimicrobial activity in therapeutics. Continentalic acid (CA) and
kaurenoic acid (KA) of A. continentalis roots are major compounds that
exhibit antibacterial activity against several bacteria, such as Streptococcus
mutans, Porphyromonas gingivalis, and Enterococcus strains. In this study,
three types of diterpenoids (acanthoic acid (AA), CA, and KA) were isolated
from the roots to determine the effect of diterpenoids on physiology of the
S. mutans and analyze the mode of action of each diterpenoid. When S.
mutans was exposed to the diterpenoid mixture (DM), cells showed an
aberrantly shaped morphology or some extracellular coatings were partially
missing. The ratio of unsaturated fatty acids to saturated fatty acids was also
increased in diterpenoids-treated bacteria compared to the untreated
bacteria. RNA sequencing was performed using total mRNA to profile the
transcriptome. After applying the classification threshold ((the absolute
value of log2 fold change)≥1 and p≤0.05), a total of 1,000, 500, 1011, and 973
differentially expressed genes (DEGs) by DM, AA, CA, and KA were
identified, respectively, in comparison with untreated bacteria. The Venn
diagram indicated that DM, CA, and KA share 860 genes, of which 410
genes are shared with AA. These results showed that each diterpenoid had a
similar antibacterial effect on S. mutans. Transcriptome analysis revealed
that the diterpenoid affected cell membrane synthesis and cell division, as
well as transport and metabolism of carbohydrates, fatty acids, nucleotides,
and amino acids. S. mutans induced upregulation of sugar alcohol
transporters, cysteine-related genes, coenzyme A synthetase genes, and twocomponent systems associated with cell envelope stress response in response
to diterpenoids. This study provides information on the antibacterial
activity of diterpenoids on S. mutans and its underlying mechanism.

Keywords: Zika virus, antivirals, 6-thioguanine
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Zika Virus Replication Inhibitors Targeting Viral RNA
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Korea
Zika virus (ZIKV) is an arthropod-borne virus that was first isolated from a
rhesus macaque in Uganda, Africa in 1947, and belongs to the genus
Flavivirus, a member of the family Flaviviridae. The infection of ZIKV in
human has been reported sporadically in many countries over the past two
decades, including the 2015–2016 outbreak began in April 2015 in Brazil.
ZIKV infection can be cleared in most healthy individuals by innate immune
responses. But those who couldn’t defeat the virus suffer from fever, joint
pain, headache, and severe microcephaly or other congenital brain disorders.
Despite the severe neurological diseases in newborn infants and adults, no
antiviral agents or vaccines against ZIKV have yet been approved and
available. The ZIKV RNA-dependent RNA polymerase (RdRp) is essential
for viral RNA genome replication. Because the RdRp is not encoded by the
human genome, it can be a key target for the development of anti-ZIKV
drugs. Combination of inhibitors targeting the catalytic active site and/or an
allosteric site of RdRp would be an effective strategy to prevent emergence
of drug-resistant virus. In this study, we screened nucleoside analogs and
nonnucleoside compounds to search for anti-ZIKV agents capable of
inhibiting viral genome replication. Some of the selected compounds
showed potent in vitro inhibitory activity at concentrations lower than
1 mM, warranting further in vivo investigations of their anti-ZIKV potency.

Keywords: Diterpenoids, antibacterial activity, transcriptome analysis

Keywords: Zika virus, antiviral drug screening, RNA-dependent RNA
polymerase
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of Nobilamide I from Marine- Derived Saccharomonospora
sp. CNQ-490

Anti-Quorum Sensing Compounds Isolated from the
Marine-Derived Actinomycete Saccharomonospora sp.
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Saccharobisindole (1), neoasterric methyl ester (2), and 7- chloro-4(1H)quinolone (3), three new compounds were purified from a marine-derived
actinomycete Saccharomonospora sp. as well as four previously reported
compounds acremonidine E (4), pinselin (5), penicitrinon A (6), and
penicitrinon E (7). The planar structures of 1–3 were elucidated by inter
pretation of mass spectrometry (MS), UV spectra, and NMR spectroscopic
data. Isolated compounds were tested for their antibacterial and antiquorum sensing activity. Compound 2 exhibited weak antibacterial activity
against B. subtilis KCTC1021 and S. aureus KCTC1927 (32 μg/mL and 64
μg/mL, respectively), as well as weak anti-quorum sensing activity against
S. aureus KCTC1927 and M. luteus SCO560 (32 μg/mL and 64 μg/mL,
respectively). In addition, compound 5 had the strong anti-quorum sensing
activity against C. marina JEA023 (0.5 μg/mL) and weak activity against S.
aureus KCTC1927 (64 μg/mL). Meanwhile, compound 6 showed the strong
anti-quorum sensing activity against M. luteus SCO560 (1 μg/mL), moderate
activity against S. aureus KCTC1927 (8 μg/mL), and weak activity against
C. marina JEA023 (16 μg/mL).

One new compound, Nobilamide I (1), a cyclic depsipeptide as well as the
previously reported peptide A-3302-B/TL-119 (2) have been isolated from
the saline cultivation of the marine-derived bacterium Saccharomonospora
sp. strain CNQ-490. The chemical structure of 1 was elucidated by 1D and
2D NMR, mass spectrometry (MS), and UV spectroscopic data. The
absolute configurations of amino acids in Nobilamide I (1) were determined
by using the C3 Marfey’s analysis and comparing them with those of
A-3302-B/TL-119 (2) based on their biosynthesis pathways. The compound
1 displayed the inhibition activity against epithelial-mescenchymal
transition markers in Caco2 (colorectal cancer), AGS (gastric cancer), and
A549 (lung cancer) cell lines.
Keywords: Nobilamide I, C3 Marfey’s analysis, anti-cancer
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The COVID-19 pandemic fears still run rampant due to the rapid emergence
of various variants equipped with increased transmissibility, which curbs the
effectiveness of current vaccines. Despite there being a couple of antiviral
agents targeting severe acute respiratory syndrome (SARS) coronavirus 2
(SARS-CoV-2) viral RNA polymerase and protease, approved for emergency
use, there are no cost-effective therapeutic options for the treatment of
SARS-CoV-2 infection. Here we show a broad-spectrum antiviral activity of
xanthorrhizol (XNT), a readily available bioactive compound from
Curcuma xanthorrhiza Roxb., a ginger-like plant of the family Zingiberaceae.
XNT had potent inhibitory activity against multiple variants of SARSCoV-2 including the currently prevailing Omicron variant of concern, with
no significant effect on the replication of hepatitis C virus and noroviruses
(MNV and HuNoV). Mechanistic studies showed that it may inhibit viral
genome replication possibly by targeting viral proteins shared among SARSCoV-2, SARS-CoV-1, and a common cold-causing human coronavirus
229E, toward which XNT displayed selective inhibitory activity. Considering
its availability in large quantities, relatively easy ways for mass production
through chemical synthesis or agricultural farming, and affordability, XNT
might find its merit of further investigation as an orally administrable herbal
medicine with potential pan-CoV antiviral activity.

Chemical pesticides have been used to control various plant diseases, but are
now recognized as harmful substances. In addition, the overuse of chemical
pesticides has negatively affected on human health and the environment. In
this study, we produced antibacterial compounds from spent coffee grounds
(SCG) by Bacillus velezensis 8-2, and evaluated their potential as biological
control agents. SCG as industrial waste that remains after roasting contains
the high content of carbohydrate and lipid. Mannose, glucose, galactose and
arabinose are the sugars present in SCG. Coffee oil was effectively extracted
by Accelerated Solvent Extraction technique. The pretreatment process
improved the monosaccharide yields and the hydrolysis efficiency. B.
velezensis 8-2 could efficiently produce the antibacterial compounds,
identified as oxydifficidin and difficidin by UPLC-MS analysis, from
hydrolysates of SCG. The culture filtrate exhibited the antibacterial activity
against various phytopathogenic bacteria in vitro. These results suggested
that antibacterial compounds can be efficiently and sustainably produced
from SCG by B. velezensis 8-2, and applied as biological control agents.
Keywords: Antibacterial compounds, biocontrol agent, spent coffee grounds

Keywords: SARS-CoV-2, xanthorrhizol, pan-coronavirus antivirals
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Use of Bacteriophage-Encoded Endolysin to Inhibit
Antibiotic-Resistant Salmonella Typhimurium

Stability of Bacteriostatic and Bactericidal Antibiotics
during Antimicrobial Susceptibility Testing

Jun Hwan Kim and Juhee Ahn*

Jirapat Dawan, Nana Nguefang Laure, and Juhee Ahn*

Department of Medical Biomaterials Engineering, Kangwon National
University, Chuncheon, Gangwon 24341, Republic of Korea
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In this study, Endolysin (LysPB32) encoded in Salmonella phage PBST-32
was evaluated the possibility of using for controlling antibiotic-resistant
Salmonella Typhimurium. LysPB32 was characterized by using pH stability,
thermal susceptibility, lytic spectrum, and mutant frequency against S.
Typhimurium KCCM 40253 (STKCCM), S. Typhimurium ATCC 19585
(STATCC), S. Typhimurium CCARM 8009 (STCCARM), Klebsiella pneumoniae
ATCC 23357 (KPATCC), K. pneumoniae CCARM 10237 (KPCCARM),
Pseudomonas aeruginosa ATCC 27853 (PAATCC), Listeria monocytogenes
ATCC 1911 (LMATCC), Staphylococcus aureus ATCC 25923 (SAATCC), and S.
aureus CCARM 3080 (SACCARM). Molecular weight of LysPB32 is 17 kDa,
classified as N-acetyl-β-D-muramidase. LysPB32 was highly stable at 37℃
and pH 6.5 against the outer membrane (OM) permeabilized STKCCM,
STATCC, and STCCARM. In addition, LysPB32 showed a broad spectrum of
muralytic activity against STCCARM (35 mOD/min) and KPCCARM (31 mOD/
min). The antibiotic susceptibilities of STKCCM and STCCARM were significantly
increased in the presence of LysPB32. The numbers of STKCCM, STCCARM, and
STATCC were effectively reduced by LysPB32 combined with polymyxin B,
showing 4.9-, 4.4-, and 3.3-log reductions, respectively. Moreover, relatively
low mutant frequency was observed for STKCCM, STCCARM and STATCC when
treated with the combination of LysPB32 and polymyxin B. Therefore, the
results suggest that LysPB32-polymyxin B combination can be used as a
potential therapeutic treatment against antibiotic-resistant bacteria.

The degradation of antibiotics directly influences on the results of antibiotic
susceptibility testing. Therefore, the aim of this study was to evaluate the
antibiotic stability of chloramphenicol, erythromycin, tetracycline, cephalothin,
ciprofloxacin, and tobramycin against antibiotic-sensitive Salmonella
Typhimurium (ASST) and antibiotic-resistant S. Typhimurium (ARST) in
bacterial growth media. The stability of antibiotics was assessed based on the
antibiotic susceptibility, time-delayed assay, time-extended incubation, and
inoculum effect assay. The stability of cephalothin against ASST treated with
1 MIC were lossed during the 10-h delayed inoculation. The sub-MICs of
tetracycline and ciprofloxacin against ASST and ARST were considerably
decreased after 10 h delayed inoculation. Except for ciprofloxacin, the
stability of all antibiotics was significantly decreased against ASST and
ARST after 40 h incubation at 37℃ compared to 20 h incubation during the
broth microdilution assay. The antibiotic susceptibilities of ciprofloxacin and
tobramycin were increased at high inoculum level against ASST compared
to the standard inoculum. This study provides useful information on the
correct interpretation of the MICs since some antibiotics may undergo
degradation over time at different inoculum levels.
Keywords: Antibiotic stability, antibiotic susceptibility, inoculum effect

Keywords : LysPB32, polymyxin B, muralytic activity
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Effect of b-Lactamase Inhibitor as Potentiator on the
Inhibition of Biofilms Formed by Salmonella Typhimurium
Jirapat Dawan, Nana Nguefang Laure, and Juhee Ahn*
Department of Biomedical Science, Kangwon National University,
Chuncheon, Gangwon 24341, Republic of Korea
The rapid emergence of antibiotic-resistant bacteria causes a major clinical
problem. However, b-lactamase inhibitor can inhibit intrinsic bacterial
resistance and increase antibiotic susceptibility in bacteria. Therefore, the
aim of this study was to evaluate the activity of b-lactam/b-lactamase
inhibitor combination on the inhibition of biofilm formation of multidrugresistant (MDR) Salmonella Typhimurium. Ampicillin (AMP), ceftriaxone
(CEF), alone and combination with sulbactam (AMP +SUL and CEF +SUL)
were used to evaluate the anti-planktonic and anti-biofilm activities against
antibiotic sensitive S. Typhimurium (STAS) and clinically isolated multidrugresistant S. Typhimurium (STMDR). The susceptibilities of STAS and STMDR to
AMP and CEF were decreased by 2-fold in the presence of SUL. The
AMP+SUL and CEF+SUL treatments reduced the biofilm cell numbers of
STAS and STMDR by more 2 logs. STAS showed the low relative fitness level
whereas STMDR showed no significant difference in relative fitness. This
study provides useful information on the use of b-lactamase inhibitors
(BLIs) in controlling biofilm formation on b-lactamase-producing
antibiotic-resistant bacteria.
Keywords: Salmonella, biofilm, beta-lactamase inhibitor
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Evaluation of Anti-Biofilm Potential of Bacteriophage P22
during the Planktonic-Biofilm Transition of Salmonella
Typhimurium

Antibacterial Activity Improvement of HClO by
pH Regulation

Jirapat Dawan and Juhee Ahn*

Department of Chemistry and Bio-Science, Kumoh National Institute of
Technology, Gumi 39177, Republic of Korea

Kwang-Hwan Jhee, Hyeon-Bin Son, and Won-Bin Bae

Department of Medical Biomaterials Engineering, Kangwon National
University, Chuncheon, Gangwon 24341, Republic of Korea

The antibacterial activity of NaClO lies in the maintenance of a stable
hypochlorous acid (HClO) concentration, which is regulated by pH of the
solution. In this study, we investigated the antibacterial activity of NaClO
according to pH adjustment by means of time kill test and assays of Reactive
Oxygen Species (ROS) and adenosine triphosphate (ATP) concentration
changes before and after NaClO treatment. We also investigated that the degree
of cell wall destruction through field emission scanning electron microscopy
(FE-SEM). The bacteria exposed to 5 ppm NaClO under pH 5 exhibited 99.9%
antibacterial activity against Escherichia coli (E. coli) and Staphylococcus aureus
(S. aureus), and ROS production was 48% higher than that of pH 7. In addition,
the ATP concentration in E. coli and S. aureus exposed to pH 5 decreased by
94% and 91%, respectively. As a result of FE-SEM, it was confirmed that the cell
wall was destroyed in the bacteria by exposing to pH 5 NaClO. Taken together,
our results indicate that the antibacterial activity of 5 ppm NaClO can be
improved simply by adjusting the pH.

Biofilm formation is involved in regulating the transition of bacteria free
living planktonic to biofilm cells, which is associated with physiological
characteristics and extracellular components. Biofilms are communities of
microorganisms colonized on extracellular polymers (EPS) such as
polysaccharides, nucleic acids, lipids, and proteins that protect bacteria from
harsh environments. Bacteriophages have recently gained attention in
clinical medicine to control bacterial biofilm. However, phage-induced
bacterial cell lysis may induce biofilm formation. Therefore, the aim of this
study was to evaluate the anti-biofilm ability of bacteriophage P22 against
Salmonella enterica serovar Typhimurium ATCC 19585 (STWT),
ciprofloxacin-induced Typhimurium ATCC 19585 (STCIP), S. Typhimurium
KCCM 40253 (STKCCM), and multidrug-resistant S. Typhimurium CCARM
8009 (STCCARM) during the transition from planktonic to biofilm. The
hydrophobicity of all strains was increased after being infected with P22,
showing an increase from 12% to 16% at STWT, from 22% to 26% at STCIP,
from 5% to 12% at STKCCM, and from 6% to 10% at STCCARM. The highest
auto-aggregation property was observed at STKCCM (23%) after P22 infection.
Compared to untreated control, the presence of P22 can decrease the
swimming motilities of all strains, showing the decrease in motility diameter
(mm) from 67 to 6 at STWT, 38 to 7 at STCIP, 16 to 6 at STKCCM, and 73 to 50 at
STCCARM. The planktonic cells number of STWT, STCIP, and STKCCM were
reduced to 6, 5, and 5 log CFU/ml, respectively, while the number of
biofilm-forming cells of those strains was reduced to 2, 2, and 3 log CFU/ml,
respectively, in the presence of P22. The depomerases produced by P22 were
confirmed by the presence of the rings (haloes) surrounding of plaques. The
red, dry, and rough morphotype was observed for all tested strains. The
results suggest that P22 can be considered as an alternative therapy to inhibit
biofilm formation with the assistance of EPS-degrading enzymes.

Keywords: Hypochlorous acid, ROS, FE-SEM
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Role of EnvZ/OmpR Two-Component System in Antibiotic
Resistance in Salmonella enterica serovar Enteritidis
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Outer membrane porins (OMPs) form water-filled open channels and allow
the entry of small hydrophilic antibiotics. Thus, compositional modulation
of OMPs is frequently observed in multidrug-resistant bacteria, including a
human pathogen Salmonella enterica. However, little is known about the
mechanisms by which S. enterica modulates OMP composition to enhance
antibiotic resistance. In this study, we found that the S. enterica serovar
Enteritidis strain with an active state of EnvZ/OmpR is highly resistant to
various antibiotics, especially β-lactams. Transcriptome analysis discovered
that the active state of EnvZ/OmpR induces differential expression of
multiple OMP genes, including SEN1522, SEN2875, ompD, and ompW.
Biochemical analyses identified that OmpR activates SEN1522 and SEN2875
but represses ompD and ompW by directly binding to their upstream
regions. Interestingly, the cellular level of OmpR determines the expression
of the four OMP genes, and particularly, phosphorylation of OmpR is not
required for the repression of ompD and ompW. Phenotypic analysis
revealed that decreased expression of ompD is responsible for the EnvZ/
OmpR-mediated resistance to β-lactams in S. Enteritidis. Notably, EnvZ/
OmpR represses the expression of ompD upon exposure to β-lactams and
presumably provides S. Enteritidis with benefits for survival. Altogether, this
study suggests that EnvZ/OmpR remodels OMP composition in response to
β-lactams and thereby enhances resistance in S. Enteritidis to the antibiotics.
Keywords: Salmonella enterica, EnvZ/OmpR two-component system,
antibiotic resistance
[This study was carried out with the support of “Research Program for
Agricultural Science & Technology Development (PJ016298)”, National
Institute of Agricultural Sciences, Rural Development Administration,
Republic of Korea.]
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PS1-3 Peptide Anti-Fungal Efficacy of Soft Contact Lens
Disinfecting Solutions against Candida albiacans

Antimicrobial Activity of Polyvinyl Chloride Composite
with Inorganic Antibacterial Agent

Tae Uk Guk, So-young Park, and Jong-kook Lee*
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Biofilm make it difficult to treat as biofilms or biofilm-embedded bacteria
are difficult to eradicate. Candida albiacans can make biofilm. Furthermore,
some candidiasis caused by multidrug-resistant Candida spp. Both are
caused of increased resistance to conventional antifungal drugs. Antimicrobial
peptides have gained increasing attention as a possible alternative to
conventional drugs to combat drug-resistant microorganisms because they
inhibit the growth of planktonic bacteria by disrupting the cytoplasmic
membrane. The current study investigated the effects of synthetic peptides
(PS1-3) and conventional antibiotics on the planktonic cell growth, biofilm
inhibition, and biofilm reduction of drug-resistant C. albicanas. PS1-3
inhibited planktonic cell and biofilms formation. Also it reduced
extracellular polymeric substances (EPSs). The results suggest that PS1-3
peptide has potential as a next-generation antifungal agent to overcome
multidrug-resistance and to manage in biofilm-associated infections.

There is an increasing demand for antibacterial products in various areas to
prevent infection with various bacteria. Polyvinyl Chloride (PVC) composite
is widely used for various purposes. Antimicrobial property addition to
PVC will be very beneficial to industrial field. We made an antibacterial
PVC composite containing inorganic antimicrobial agent. Inorganic
bacteriocide containing zinc, silver and zeolite was selected considering
aspects of environmental and economical material. We manufactured several
specimens with different wt% (0~5 wt%) of inorganic antibacterial agent in
multifunctional PVC. We confirmed the antimicrobial activity by adopting
shaking flask method, drop-test, double staining assay, and scanning
electron microscopy. The antibacterial effect increased as the content of
the inorganic antibacterial agent in the PVC composite increased against
Staphylococcus aureus and Klebsiella pneumonia both. It was confirmed that
the antibacterial effect of bacteria was 99% or more when the content of
inorganic antibacterial agent in the specimen was 3 wt% for S. aureus and 5
wt% for K. pneumoniae.

Keywords: Antimicrobial peptide, anti-biofilm, Candida albicans

Keywords: Antimicrobial effect, PVC, shaking culture
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Synthetic Peptide Effects of Fungicidal and Inflammatory
Activity against Candida albicans

Development of Targeted Drug Delivery System for
Candida albicans Using Antifungal Peptide-PLGA Micelles

Tae Uk Guk and Jong-kook Lee*
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Department of Chemical Engineering, Suncheon National University 255
Jungang-ro, Suncheon, Jeollanam-do 557922, Republic of Korea

Department of Chemical Engineering, College of Engineering, Sunchon
National University, Suncheon 57922, Republic of Korea

Candida albicans infection-induced pneumopathy is most prevalent
diseases immunosuppressive individual, such as asthma, COPD, pneumonia
and tuberculosis and many other breathing problems. Here, we examined
the abilities of the PS1 peptide candidacidal activity, binding affinity assay,
time-kill kinetic activity, drug-development assay, inflammatory inhibition
assay and suppress inflammation in mice infected with C. albicans CCARM
14007 strain. The peptide of PS1-2 was designed by the repeated sequence of
“XWZX”. The peptide showed stronger activity against Candida albicans
CCARM 14007 planktonic cells without affecting the ionic strength and
temperature compared to Fluconazole, and little or no drug resistance. The
peptide also strongest inflammatory inhibition activity against RAW 264.7
cells and inhibited the production of NO and TNF-α in the lungs among
infected mice (NRF-2021R1I1A1A01059762).

In global, there are several million individuals with life-threatening invasive
fungal diseases and their mortality rate exceeds 40%. However, currently
available antifungal drugs do not completely control these diseases, because
long and low dose administration of drug, drug-resistant fungi, and limited
drug types. We reported previously antifungal peptides with ‘histidinelysine-lysine (HKK)’ motif, resulted in a length-dependent antifungal
activity against fungal pathogens via membranolytic action or intracellular
ROS generation. Present study was designed a drug-encapsulated PLGA
nanoparticle targeted specifically to where the pathogen is in vivo body,
through binding to the fungal cell walls. HKK-micelles showed order of
magnitude increases in the binding to and killing of Candida albicans
strains in vitro and similarly improved efficacy in mouse models of
pulmonary candidiasis. Results proposed that our nanoparticle is able to use
as a platform with both therapeutic and diagnostic capacities.

Keywords: Pneumopathy, candidacidal, inflammatory

Keywords: Antifungal peptide, drug delivery system, PLGA
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Discovery of Hit Compounds against Fusarium
graminearum Using Small Molecule Library Targeting
Kinase

Determining the Possibility of Variable Metals Doped
Carbon Quantum Dots as Antibiotics
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With increased interests in developing new antibiotics with emergence of
bacteria containing antibiotic-resistance, metal nanoparticles are considered
to be a solution in here. Carbon Quantum Dots(CQDs) can enhance the
binding ability of metals to cellular membranes or cell walls of bacteria.
CQDs are spotlighted as nanoparticles due to its low cost, easiness in
engineering, and the small size(below 10nm). In this study, Fe, Zn, Mn, Ni,
and Co doped CQDs were chosen and all the studies were conducted against
both S. aureus and E. coli since the Gram-positive and Gram-negative
bacteria can show different tendency against antibiotics. We have conducted
paper disc diffusion test for detecting visible inhibition of growth of bacteria.
Then we have determined Minimum Inhibition Concentration(MIC),
Minimum Bactericidal Concentration(MBC), and IC50 via cell growth
curve. ROS/RNS was measured in intends to discover the mechanisms. All
the metals doped CQDs are found to have antibacterial activity against both
bacterium and the cell death comes from increased ROS in bacteria. As a
result, this study can insist CQDs can be used nanoparticles for new
antibiotics.

Protein kinases are the second most targeted group of drug targets in
medicinal chemistry, because these enzymes have a key role in regulating
cellular functions such as cell proliferation, subcellular translocation, and
metabolism. In this study, we have tried to find effective small molecules
against the plant pathogen Fusarium graminearum, which causes diseases
in major cereal crops, such as maize, wheat, and barley. Using the small
molecule library targeting kinase provided by Korea Chemical Bank, we
investigated in vitro antifungal activity of 3000 compounds against F.
graminearum. As a result, a compound KHKI-1 exhibited a promising in vitro
antifungal activity with a MIC value of 0.78 μg/mL and in vivo disease
control efficacy on wheat heads. To explore molecular mechanisms of how
KHKI-1 affects F. graminearum, we measured growth inhibition by the
compound KHKI-1 using drug target screening on kinase-related gene
subset (217 mutants) of Schizosaccharomyces pombe genome-wide deletion
mutant library. Of 22 significant drug target candidates derived from S.
pombe genome (fitness value >2.5; top 10%), we found that F. graminearum
has seven candidates showing high sequence similarity to that of S. pombe.
Among ten candidates of F. graminearum, we individually deleted four
candidates from the F. graminearum genome, and consequently, we found
that deletion of FGSG_08385 gene has effect on drug sensitivity against the
compound KHKI-1. To better understand how KHKI-1 affects F.
graminearum, further researches such as biochemical analysis and
characterization of FGSG_08385 mutant are in progress.

Keywords: Antibiotics, carbon quantum dots, nanoparticles

Keywords: Antifungal activity, Fusarium graminearum, kinase
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Antimicrobial, Anti-Biofilm, and Anti-Inflammatory Effects
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Gene Therapy Using a Novel Targeting Ligand and
Polymeric Carrier
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The increasing emergence of resistant pathogens to conventional drugs and
the increasing frequency of microbial infections in immunosuppressed hosts
have needed to find new-typed antibiotics with different mechanisms to
prevent these infections. A promising agent that has potent antimicrobial
activity against pathogenic bacteria and fungi resistant to conventional
antibiotics is a group of antimicrobial peptides (AMPs). We rationally
designed synthetic AMPs using lysine, isoleucine, tryptophan, arginine and
glutamic acid. The synthetic peptides showed a potent antibacterial activity
for planktonic cells in Pseudomonas aeruginosa and Staphylococcus aureus,
drug-resistant bacteria isolated from patients, via membranolytic action.
They are non-toxic against human erythrocytes and mammalian cells.
Moreover, their anti-inflammatory capacity and anti-biofilm activity were
length-dependently increased in LPS-treated macrophage and pre-formed
bacterial biofilm, respectively. The results are able to provide basic
information in designation of synthetic peptides as candidate of AMPs
(NRF-2022R1A2C1011804).

Recently, targeted drug therapy is one of the interesting items to significantly
reduce toxicity and maximize drug efficacy in cancer cells. The aim of this
study is to evaluate the potential of gambogic acid (GA) as a ligand of the
transferrin receptor (TfR). GA and polyethylenimine (PEI)-grafted watersoluble chitosan (WSC) (GPgWSC) copolymers were used as a gene carrier
and were complexed with psiRNA-hBCL2, silencing Bcl-2 mRNA. They
exhibited the condensation ability to compact gene into uniform
nanoparticles and their polyplexes were non-toxic and non-hemolytic in
mammalian cells and rat erythrocytes. In vitro gene transfection efficiency
of GPgWSC was better in HCT116 than in LoVo and MCF-7 cells. In
addition, competition assay performed by pre-treatment of transferrin and
gambogic acid, resulted in TfR-mediated gene delivery. GPgWSC polyplexes
showed a potent anti-tumor activity due to apoptosis by inhibiting the
expression of BCL2 protein via specific psiRNA-hBCL2 delivery.

Keywords: Antimicrobial peptides, drug-resistant bacteria, anti-biofilm

[We suggest that gambogic acid is able to be useful as a targeting ligand for
TfR over-expressing tumor cells. (NRF-2022R1A2C1011804)]

Keywords: Gene therapy, gene delivery system, gambogic acid
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The Colistin Resistance Gene mcr-1 Alters Cell Surface
and Pathogenicity in Enterohemorrhagic Escherichia coli

Isolation of Bacteriophages Targeting AntibioticsResistant Salmonella Isolates and Application as
Phage Cocktail

Eunbyeol Ahn1, Jinshil Kim1,2, Byeonghwa Jeon3*, and
Sangryeol Ryu1,2*

Seungjo Ko1, Moosung Kim1*, and Sangryeol Ryu1,2*
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Colistin is considered the last resort for the treatment of MDR Gramnegative bacteria. However, the mcr-1 makes the bacteria resistant to colistin
by lowering binding affinity of colistin. In this study, we investigated the
impact of mcr-1 on the virulence of enterohemorrhagic E. coli. The mcr-1harboring plasmid was easily transferred to E. coli ATCC 43894 by
conjugation and remained stable. Although the mcr-1 did not affect the
growth, it decreased the ability of biofilm formation and swimming motility.
The acquisition of the mcr-1 altered the surface hydrophobicity and
autoagglutination. Interestingly, the analysis of LPS profiles showed altered
band patterns of core-lipid A and O-units by the mcr-1, suggesting that the
mcr-1 modified the polysaccharide as well as lipid A. Also, mcr-1 expression
increased bacterial adherence to HEp-2 cells while it decreased invasiveness.
In addition, mcr-1 decreased virulence in vivo in the Galleria mellonella
model. Collectively, our results demonstrate that mcr-1 expression altered
the surface properties and bacterial virulence.

Salmonella is a Gram-negative opportunistic foodborne pathogen that
causes salmonellosis. The recent emergence of antibiotics-resistant
Salmonella has increased the requirement for a novel antimicrobial agent,
and bacteriophages could be alternatives to antibiotics. Here, we isolated 4
Salmonella phages from a sewage treatment plant and evaluated their
antimicrobial effects against the antibiotics-resistant Salmonella isolates #5.
Morphologically, the phages KOKO1, KOKO2, and KOKO4 belong to the
family Myoviridae, and KOKO11 belongs to the family Podoviridae. All
phages were stable over the pH ranges from 3 to 11, and stable from 37℃ to
65℃. Receptor analysis results revealed that all phage recognized O-antigen
of LPS as a receptor. Challenge assay results indicated that the combination
of KOKO1 and KOKO11 showed an enhanced inhibition effect compared to
the single phage treatment, indicating a synergistic effect of the phage
cocktail. These results suggest that a phage cocktail containing KOKO1 and
KOKO11 could be applied as an effective biocontrol agent for antibioticsresistant Salmonella.

Keywords: mcr-1, enterohemorrhagic Escherichia coli, antibiotic resistance

Keywords: Antibiotics-resistant Salmonella, phage, phage cocktail
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New Aromatic Polyketides Bearing 1-Isochromanone
Moiety Isolated from an Unidentified Fungus

Discovery of Novel Microbial Secondary Metabolites by
Co-Culture System of Fungus and Actinomycete
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Natural products have continued to offer templates for the development of
novel scaffolds of drugs. Microorganisms, including bacteria, algae and
fungi, have been considered as important producers of natural products.
Among these, fungi are a promising source of natural products for drug
develop
ment. To discover novel secondary metabolites, we conducted
chemical investigation for culture extracts of fungal strains isolated from
various environments using PDA-LC-MS. Therefore, three new polyketides,
compounds 1–3, were isolated from crude extract of an unidentified fungus.
All compounds were expected to have chromane moiety because UV
absorption band at 226, 258 and 286 nm was observed. The planar structures
were determined as prenylated aromatic polyketides with unique 6/6/6/6/6
pentacyclic ring system containing 1-isochromanone moiety based on
1D/2D NMR, 1,1-ADEQUATE NMR experiment and HRESIMS analysis.
In particular, although HMBC signals of the 1-isochromanone moiety were
insufficient, the planar structures were clearly assigned through
1,1-ADEQUATE NMR experiment, which provide visualization of carboncarbon connectivity. The relative configurations were assigned by chemical
shifts, coupling constants and ROESY correlations, which speculated that
compounds 2 and 3 were stereoisomers of compound 1. The absolute
configurations were determined by electronic circular dichroism (ECD)
calculations. All compounds were evaluated for cytotoxicities against
human embryonic kidney 293T, human breast cancer MDA-MB-231,
human cervical cancer HeLa, human gastric cancer AGS, human lung
cancer A549, mouse embryo fibroblast MEF and murine melanoma B16F10
cell lines. As a result, compounds 1–3 showed weak cytotoxicity.

Despite of microbial genetic ability, many biosynthetic genes are silent under
traditional laboratory culture condition. To overcome these limitations, in
this study, various fungal strains were cultured with or without Streptomyces
sp. 13F051 producing HDAC inhibitor, trichostatin analogs to induce the
epigenetic gene expression of fungi, and the metabolic profiles were
investigated by LC-MS. Among the 108 fungal strains, four fungal strains
produced the different secondary metabolites that were not recognized or
were scarcely produced in mono-culture of fungal strain in co-culture
system. Based on the interpretation of NMR, UV, and MS data, the induced
compounds were identified as a CRM-51005 analog (1), a dinapinone
analog (3), and two sambutoxin analogs (4 and 5). In addition, a new
secondary metabolite, ulleungdolin (7) was isolated from the co-culture
with a fungus, Leohumicola minima 15S071. Based on the NMR, UV, and
MS data, we deduced that the planar structure of 7 comprised an
isoindolinone (IsoID) with an octanoic acid, a tripeptide, and a sugar. The
tripeptide has the unprecedented amino acids, norcoronamic acid,
3-hydroxy-glutamine, and 4-hydroxy-phenylglycine, and is linked by a C-N
bond with IsoID. The absolute configurations were determined by chemical
derivatization, extensive spectroscopic methods, and computational
analyses and confirmed by bioinformatic analyses. Bioactivity evaluation
studies indicated that 7 had an anti-migration effect on MDA-MB-231
breast cancer cells.

Keywords: Fungi, polyketide, 1,1-ADEQUATE experiment
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A Fish Infecting RNA Virus as a Surrogate for The Mass
Screening of Antiviral Agents for RNA Viruses
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Su-Hyun Kim, and Tae-Jin Choi*
Department of Microbiology, Pukyong University, Busan 48513, Republic
of Korea
The increase in the emergence of zoonotic diseases such as MERS and
Corona pose a great threat to human health. Most viruses, including marine
viruses have a host specificity that allows transmission of infection only
within a specific species. However, there are cases where a new virus that
acquires the ability to infect different species. Therefore, it is necessary to
develop antiviral agents that act on diverse viruses. Surrogate virus is a virus
that is not infectious to the human body and can be used for various fileds
in virus research such as screening of antiviral agents. In this study, we used
viral hemorrhagic septicemia virus (VHSV), a fish infecting RNA virus as a
surrogate for mass screening of antiviral agents against RNA viruses. The
optimal conditions for preincubation using VHSV and EPC cells were
antiviral substance screening by dispensing the mixture using an automatic
dispenser in a 96-well plate containing the substance. As a result of mass
screening, it was confirmed that extracts derived from clams had an antiviral
effect on VHSV.
Keywords: Surrogate virus, antiviral agents, VHSV
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Antiviral Effects of Calystegia soldanella Extract on
Chlorella Virus

Antimicrobial Susceptibility of Streptococcus Species
Isolated from Bovine Mastitis Milk in Korea from 2016 to
2021
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Surrogate viruses have been used in diverse field of virus research in place of
viruses that cannot be cultivated sufficiently or may pose too high risk to
laboratory staff. Viruses infecting Chlorella such as Paramecium Bursaria
Chlorella Virus-1 (PBCV-1), the prototype of the Phycodnaviridae family,
has many advantages as a surrogate virus because it is easy to handle and is
not harmful to human. Therefore, we have developed a surrogate virus
system for mass screening of antiviral substances by using a chlorella virus
isolated in Korea. Optimum number of chlorella cells are mixed with virus
of 0.01 multiplicity of infection (MOI) and distributed to 96-well plates
containing screening substance by using a automatic dispenser. After
incubating for a few days, the antiviral effect of the substance is checked
through spot assay. Among them, extract from Calystegia soldanella
exhibited significant antiviral activity against chlorella virus. The results
obtained in this study suggested that Calystegia soldanella will be effective in
the prevention of DNA virus.

Streptococcus is one of the major pathogen groups inducing bovine mastitis.
The aim of this study was to investigate the antimicrobial resistance patterns
of Streptococcus spp. isolated from bovine mastitis milk samples in Korea. In
total, 181 (10.3%) Streptococcal isolates were collected from 1,761 quarter
milk samples at 126 farms; S. uberis 39.2% (n=71), S. dysgalactiae 29.3%
(n=53), S. equinus 9.9% (n=18), S. suis 6.1% (n=11), S. parauberis 4.4%
(n=8), S. lutetiensis 3.9% (n=7), others 7.2% (n=13). However, S. agalactiae
was not isolated in this study. The isolates showed the highest resistance rate
to tetracycline (55.2%) followed by erythromycin (45.3%) and pirlimycin
(36.5%). In contrast, all isolates were susceptible to ceftiofur, cephalothin,
penicillin/novobiocin, and only single S. equinus isolate was resistant to
both ampicillin and penicillin. Of 181 isolates, 64 (35.4%) were multidrug
resistance (MDR). The resistance to pirlimycin of S. uberis (73.2%) was
much higher than that of other species (0–36.4%). All S. suis isolates were
resistance to tetracycline. S. dysgalactiae showed lower resistance to
erythromycin, pirlimycin and tetracycline than S. uberis and S. suis. The rate
of MDR was relatively higher among S. uberis (73.2%) than among S. suis
(36.4%), S. dysgalactiae (15.1%), others (0%). In conclusion, antimicrobial
resistance in Streptococcus spp. should be regularly examine for the selection
of appropriate antimicrobial therapies because the resistance patterns were
various among the Streptococcus species.

Keywords: Antiviral agents, chorella virus, screening
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Characteristics of the Difference in Antibacterial Activity
against E. coli according to the Thiosulfate Content of
Each Garlic Part
Seul Yi Lee1, Hyun Sung Lee2, and Kyu Hang Kyung3*
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Although the antibacterial effect of garlic(i.e., whole garlic clove) is well
known, that of specific parts of garlic(flesh, sprout and stem) is not known.
In this study, the antibacterial activity of each garlic part(flesh, sprout, stem)
against E. coli was performed and the contents of thiosulfinate, especially of
allicin, were compared. The growth of E. coli was inhibited for 36 hours in
trypsin soy broth(TSB) containing 0.5% of flesh and sprout. On the other
hand, the growth of E. coli was not inhibited in TSB containing 0.5% stem.
In particular, similar results were obtained when 0.5% stem and 0.25%
sprout were tested separately. It is postulated that the growth inhibition is
due to the total contents of thiosulfinates; being similar area of 0.5%
stem(6,107,761) and 0.25% sprout(5,634,613) in total thiosulfinate area.
When The growth of E. coli in TSB containing 0.25%, 0.5%, 0.75% sprout,
respectively, the growth of the bacteria was inversely proportional to
thiosulfinate content.
Keywords: Antibacterial, garlic, thiosulfinate
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Characterization of an Engineered Phage Endolysin
LNT103 Effective against Gram-Negative Pathogens

Effect of Combination Treatment of Bacteriophage
Endolysins Together with Antibiotics against
Gram-Positive or Gram-Negative Bacteria
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Few antibiotics against Gram-negative pathogens have been newly
introduced over the last two decades. The rapid development of
antimicrobial resistance to existing antibiotics is threatening human health,
and thus, new antibiotics are urgently needed. Phage endolysins are a
potential candidate, but the presence of an outer membrane in Gramnegative bacteria hinders the attack of recombinant endolysin from outside.
Here, we sought to mine an endolysin effective against Gram-negative
pathogens from a bacteriophage bank and improve its efficacy by protein
engineering. Putative endolysin genes from 400 different phages were
cloned, expressed, and the proteins purified and subjected to antibacterial
activity tests. An endolysin encoded by phage PBPA90 was selected and its
antibacterial activity was improved by substituting 15 amino acids and by
fusing cecropin A to its N-terminus. The resulting engineered endolysin,
LNT103, showed a strong antibacterial activity against various Gramnegative pathogens including Acinetobacter baumannii, Pseudomonas
aeruginosa, Escherichia coli, Klebsiella pneumoniae, and Enterobacter
aerogenes, with minimum inhibitory concentrations as low as 8 mg/ml. The
engineered endolysin rendered bacterial membrane permeable and
combination use with colistin showed a synergistic effect in antibacterial
efficacy. Minimal cytotoxic effect and hemolytic activity were observed
from LNT103. Unlike colistin, bacterial resistance to LNT103 was none to
minimal in vitro. Its in vivo efficacy was verified in a mouse infection model.
LNT103 is an engineered endolysin highly effective against Gram-negative
pathogens with a wholly different mode of action mechanism from existing
antibiotics, making it a strong candidate for development as a novel
antibiotic.

For decades, numerous antibiotics have been developed to kill Grampositive and Gram-negative pathogens, but bacteria continued developing
resistance to the drugs. Bacteriophage endolysins are enzymes that are
emerging as alternatives to antibiotics. Endolysins are enzymes used by
bacteriophages at the end of their replication cycle to break down the
peptidoglycan of the bacterial host from the inside, resulting in cell lysis and
release of progeny virions. In this experiment, whether bacteriophage
endolysins synergistically acted with antibiotics to combat bacterial
pathogens was tested. Endolysins derived from Staphylococcus aureus
phages and those derived from Pseudomonas aeruginosa phages were
tested. In order to determine whether synergistic effects are shown between
various antibiotics and endolysins, minimal inhibitory concentrations
(MICs) were measured against selected pathogens. Although not all
antibiotics showed synergistic effects, combination of some antibiotics and
endolysins showed synergistic effects in antibacterial efficacy. In fractional
inhibitory concentrations (FICs) tests, Staphylococcus endolysin SA11
showed synergistic effects with ampicillin or streptomycin. Pseudomonas
endolysin LNT103 showed synergistic effects with chloramphenicol,
sulfamethoxazole, ciprofloxacin, or trimethoprim. Sometimes the synergy
was shown depending on which target bacteria was tested.
Keywords: Endolysin, antimicrobial peptide, bacteriophage

Keywords: Bacteriophage, endolysin, Gram negative
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Antibacterial Activity of Extract from Chryseobacterium
viscerum HW314 against Multidrug Resistant Pathogens
Trinh NgocHoang and Jaisoo Kim*
Department of Life Science, College of Natural Sciences, Kyonggi
University, Suwon 16227, Republic of Korea
The risk of multidrug-resistant (MDR) pathogens, especially from
nosocomial pathogens in hospital, is one of the most dangerous issue in
clinical treatment. In traditional approach, drug for MDR from natural
products is still the best resource to search for new chemical scaffolds and
compounds. In our project for pursuing antibiotic-producing candidates, a
soil bacteria Chryseobacterium viscerum HW314 was used in fermentation
for the production of antimicrobial compounds. The fermentation condition
has been conducted at 30℃, 120rpm, 4 days in tryptic soy broth medium.
The extract compounds from HW314 strain show broad-spectrum activity
(positive and negative Gram) against MDR pathogens, such as Acinetobacter
baumannii NCCP14654, Pseudomonas aeruginosa KACC 10185 and
NCCP16084, Enterobacter cloacea NCCP14704, Enterococcus faecalis
CCARM 5168, Staphylococcus aureus KEMB 7301, and Staphylococcus
epidermidis CCARM 3A041. MIC values of purified extract compound in
Staphylococcus aureus KEMB 7301, E. coli KEMB 212-234 and P. aeruginosa
KACC 10185 are 1.5 mg/mL, 1.5 mg/mL and 3.0 mg/mL respectively. In
addition, the extracted compound did not show toxicity to RAW 264.7 cell
line.
Keywords: Antibacterial activity, Chryseobacterium, multidrug resistant
pathogens
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Media Optimisation for Production of Bacteriocins
ST651EA, ST7119EA and ST7319EA by Enterococcus
faecium Strains Isolated from Traditional Korean Soybean
Paste

Enhancement of Eicosapentaenoic Acid (EPA)
Productivity in a Microalgal Strain, Nannochloropsis salina
by Bacterial Biotic Stress
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Jinkyeong Yoo1, Bongsoo Lee1*, and Young Taek Oh4

Ronaldo Rwubuzizi, Wilhelm Heinrich Holzapfel*, and
Svetoslav Dimitrov Todorov*

1

Department of Microbiology and Biotechnology, Mokwon University, 88
Dianbuk-ro, Seo-gu, Daejeon 35349, Republic of Korea, 2Department of
Chemical and Biomolecular Engineering, KAIST, 291 Daehak-ro,
Yuseong-gu, Daejeon 34141, Republic of Korea, 3Human Convergence
Technology Group, Korea Institute of Industrial Technology (KITECH),
Ansan 15588, Republic of Korea, 4Department of Animal and Plant
Research, Nakdonggang National Institute of Biological
Resources(NNIBR), SangJu-si 37242, Republic of Korea

ProBacLab, Department of Advanced Convergence, Handong Global
University, Pohang 37554, Republic of Korea
Bacteriocinogenic Enterococcus faecium strains ST651ea, ST7119ea and
7319ea, isolated from traditional Korean fermented soybean paste, were
previously identified by 16S rRNA sequencing and appropriate biochemical
and physiological tests. The expressed bacteriocins were characterized
versus different test organisms, including different vancomycin resistant
enterococci, several LAB and specific pathogens associated with humans
and animals. In this study growth conditions bacteriocin production by E.
faecium strains ST651ea, ST7119ea and 7319ea were optimized with regard
to the inhibition of vancomycin-resistant E. faecium VRE19 of clinical
origin, and Listeria monocytogenes ATCC15313 as reference strain. When
cultured in MRS broth, Enterococcus faecium ST651ea, ST7119ea and 7319ea
produced 3200 AU/mL, 6400 AU/mL and 6400 AU/mL, respectively, after 17
h at 37℃, and 1600 AU/ml, 3200 AU/mL and 3200 AU/mL, respectively, at
30℃ against E. faecium VRE19. In similar growth conditions, Enterococcus
faecium ST651ea, ST7119ea and 7319ea produced 6400 AU/mL, 25600 AU/
mL and 25600 AU/mL, respectively, after 17 h at 37℃, and 6400 AU/ml,
12800 AU/mL and 12800 AU/mL, respectively, at 30℃ against Listeria
monocytogenes ATCC15313. Variations of MRS medium were modified
based on inclusion, exclusion and/or replacement of components for
optimizing the production of bacteriocins by these strains. These
modifications included the inclusion or exclusion of sugars (sucrose, fructose,
galactose, lactose or maltose) and organic nitrogen sources (peptone, meat
or yeast extracts) in basal MRS medium. Modification of commercial MRS
formulation resulted in stimulation of bacteriocin production. Bacteriocins
produced by E. faecium ST651ea, ST7119ea and 7319ea showed higher
activity at 37℃ after 15 h in the presence of 20 g/L galactose replacing
D-glucose and in presence of organic nitrogen sources of only 2 g yeast
extract /L and 3 g peptone /L in modified MRS medium. The bacteriocin
produced by E. faecium ST651ea yielded 6400 AU/mL and 25600 AU/mL
activity against E. faecium VRE19 and L. monocytogenes ATCC15313,
respectively. However, the bacteriocin produced by E. faecium ST7119ea
yielded 12800 AU/mL and 51200 AU/mL versus E. faecium VRE19 and L.
monocytogenes ATCC15313, respectively. Activity expressed by E. faecium
ST7319ea yielded 12800 and 51200 AU/mL against E. faecium VRE19 and
L. monocytogenes ATCC15313, respectively. Based on type and availability
of different carbohydrates, bacteriocin activity and production by E. faecium
ST651ea, ST7119ea and ST7319ea were reduced by up to 50% in the
presence, either of a single sugar source (replacing D-glucose in MRS
commercial formulation), like fructose (20 g/L), maltose (20 g/L), lactose
(20 g/L) and sucrose (20 g/L), or in with beef and yeast extracts (8 g/L and
4 g/L), respectively.

Nannochloropsis salina is considered industrial model strains for the
commercial production of EPA due to their rapid growth and high lipid
content. In an effort to enhance the biomass and EPA content, we applied
myxobacteral biotic stress to a N. salina. Among various myxobacteria,
KYC2844 (Nannocystis sp.) supernatant affects the growth significantly.
FAME contents analysis revealed that EPA content was specifically
increased, as the supernatant gradually increased. Moreover, the final EPA
productivity was approximatly 1.7 fold higher than that of control even in
the N+ condition when 20% of the supernatant was treated. To figure out
which product of the KYC2844 supernatant affects the increased EPA
content and production, we next analyzed N, P and amino acids. The results
showed that NO3– was maintained at a significantly higher level in KYC2844
compared to other controls. Moreover, NH4+ was very abundant in the
KYC2844 supernatant and rapidly consumed, whereas it was not detected at
all in other controls indicating that the N-source present in the form of
NH4+ in the KYC2844 supernatant affects EPA content and productivity.
Taken together, our result suggest that appropreiate N source optimization
can be appied for the increase in EPA productivity in Nannochloropsis
salina.
Keywords: Eicosapentaenoic acid, bacterial biotic stress, Nannochloropsis
salina
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Mutational Analysis of RNA Phage Lysis Protein to Define
the Regions Required for Membrane Association

A Negative Regulator of the VexAB-TolC Efflux System
that Directs Artemisinin Resistance in Vibrio cholerae
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PP7, one of the single stranded RNA phages, conducts host bacterial lysis by
expressing a single subunit lysis protein (LP). However, the lysis mechanism
by LP remains elusive. In this study, we used the LP gene from the
Pseudomonas aeruginosa phage, PP7 to create an LP-mediated cell lysis
system. The PP7 LP gene was cloned into an IPTG-inducible mini-Tn7based vector, with the ribosome binding sequence optimized for translation
in P. aeruginosa. We divided the 55-aa LP into 3 regions based on the
sequence characteristics: the N-terminal hydrophilic region (1-20 aa), the
transmembrane domain (21-43 aa), and the C-terminal hydrophobic
region (44-55 aa). We constructed a total of 14 point mutants and tested
their capability of membrane association and host lysis. Those from the
transmembrane domain lost killing activity completely, implying their
putative roles in membrane association for host lysis. We could visually
verify the membrane association of the wild type LP by N-terminal
mNeonGreen tagging in Escherichia coli, while the mutants of the
transmembrane domain lacked membrane association. In addition, the
killing activity was enhanced by deletion of the katA gene which encodes the
major catalase in P. aeruginosa and compromised by addition of an
antioxidant, thiourea, indicating the association of the reactive oxygen
species (ROS) in the antibacterial action of LP. These results demonstrates
that the LP disrupts the bacterial cytoplasmic membrane and shows
membrane association that might involves the transmembrane domain of
LP.

Artemisinin (ARS), a well-known antimalarial displayed bactericidal
activity in the presence of cuprous ions, which mediate catalytic
decomposition of ARS to generate carbon-centered ARS radicals. This
selective antibacterial activity of ARS was attributed to the higher
intracellular copper levels in Vibrio cholerae. In this study to assess the
mechanistic details of its antibacterial action, we have isolated three V.
cholerae mutants with enhanced resistance to ARS and identified a gene
(VCA0767), whose loss-of-function resulted in the ARS resistance. This
gene encodes a TetR family transcriptional regulator, and renamed as atrR
for an artemisinin-resistance regulator. The atrR in-frame deletion mutant
displayed the reduction in ARS-induced ROS formation and DNA damage.
Transcriptomic analysis revealed that the genes coding for a known RND
efflux pump operon (vexRAB) and the outer membrane component (tolC)
were highly upregulated in the artR mutant, suggesting that AtrR might act
as a negative regulator of this operon and tolC. The deletion of either of the
genes (vexR, vexB or tolC) abrogated the ARS resistance of the atrR mutant
and the ectopic expression of VexAB and TolC was sufficient for the ARS
resistance, indicating that the increased expression of the RND efflux system
is necessary and sufficient for the ART resistance of the atrR mutant. The
cytoplasmic accumulation of ARS was significantly reduced in the atrR
mutant and the VexAB-TolC overproducer, suggesting that the VexAB-TolC
might be the primary RND efflux system exporting ARS to reduce its
toxicity inside of the cells. We also found that the atrR mutant displayed
resistance to erythromycin and clindamycin as well, in a VexAB-dependent
manner. This result suggests that AtrR may act as a global regulator responsible
for preventing intracellular accumulation of toxic molecules by enhancing
the RND efflux system.

Keywords: PP7, lysis protein, Pseudomonas aeruginosa
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An Iron-Chelating Sulfonamide Identified from
Drosophila–Based Screening for Antipathogenic
Discovery
Yeon-Ji Yoo, In-Young Chung, Shivakumar S. Jaldae,
Hyun-Kyung Choi, and You-Hee Cho*
Department of Pharmacy, College of Pharmacy and Institute of
Pharmaceutical Sciences, CHA University, Gyeonggi-do 13488, Republic
of Korea
We exploited bacterial infection assays using the fruit fly Drosophila
melanogaster to identify anti-infective compounds that abrogate the
pathological consequences in the infected hosts. Here, we demonstrated that
a pyridine-3-N-sulfonylpiperidine derivative (4a) protects Drosophila from
the acute infections caused by bacterial pathogens including Pseudomonas
aeruginosa. 4a did not inhibit the growth of P. aeruginosa in vitro, but
inhibited the production of secreted toxins such as pyocyanin and hydrogen
cyanide, while enhancing the production of pyoverdine and pyochelin,
indicative of iron deprivation. Based on its catechol moiety, 4a displayed
iron-chelating activity in vitro toward both iron (II) and iron (III), more
efficiently than the approved iron-chelating drugs such as deferoxamine and
deferiprone, concomitant with more potent antibacterial efficacy in
Drosophila infections and unique transcriptome profile. Taken together,
these results delineate a Drosophila–based strategy to screen for antipathogenic
compounds, which interfere with iron uptake crucial for bacterial virulence
and survival in host tissues.
Keywords: Iron, antipathogenic, Pseudomonas aeruginosa
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Antiviral Eeffect of Hot Aqueous Extract of Sarcodon
aspratus and Tricholoma bakamatsutake Influenza
A(H1N1) Virus

Antibacterial Activity of Hot Water Extract of Grifola
frondosa and Pleurotus ostreatus against Streptococcus
pneumoniae
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Sarcodon aspratus is a popular as an edible mushroom with good taste and
aroma. Tricholoma bakamatsutake is a new edible mushroom in a shape
similar to that of T. bakamatsutake, attracting attention from consumers.
Accordingly, interest in the pharmacological efficacy of S. aspratus and T.
bakamatsutake has increased, and the resistance of these mushrooms to
respiratory disease-causing bacteria has been studied. We tried to evaluate
the antiviral activity against respiratory viruses by using hot aqueous extract
of these mushroom. For the materials of this study, in 2021, S. aspratus was
collected in Hawsun and T. bakamatsutake was collected in Seogwipo. The
aqueous extracts of these mushroom were prepared by incubating 20 g of
the dried fruiting body powder in 250 ml of distilled water at 100℃ for 2
hours for the antiviral activity test. Antiviral activity was performed with the
novel swine-origin influenza A (H1N1) virus by modified ASTM E1052-11
method using plaque assay. As a result of measuring the decrements in the
virus for 2 hours, the S. aspratus extract showed 75.7% and T. bakamatsutake
extract showed 66.6% antiviral efficacy against influenza A (H1N1) virus.
This result suggest that the boiled these mushroom extract have valuable for
the prevention of viral respiratory diseases as a health functional food.

Streptococcus pneumoniae was recognized as a major cause of pneumonia in
susceptible individuals with weaker immune systems, such as the elderly
and young children. This bacteria spreads by direct person-to-person
contact via respiratory droplets and by auto inoculation in persons carrying
the bacteria in their upper respiratory tracts. S. pneumoniae accounts for
more than 40% of the major pathogens of respiratory infections in Korea.
Accordingly, this study was conducted to find edible mushrooms with high
resistance to this pathogen. The materials for this study used wild mushroom
of Grifola frondosa collected in Hongcheon in 2020 and cultivated
mushroom of Pleurotus ostreatus cultivated in the National Institute of
Forest Science in 2020. For the hot water extract, 100g of dried mushroom
powder was incubated at 100℃ for 2 hours with 1 L of distilled water. And
for the antimicrobial activity test, the ASTM E2149-10 method was used in
the shake flask test using S. pneumoniae. As a result of measuring the
bacterial reduction rate for 24 hours, the hot water extract of the G. frondosa
and P. ostreatus showed anti-baterial activity of 93.60% and 99.95% for S.
pneumoniae. This result suggested that these edible mushroom would be
valuable as healthy functional food material for preventing the viral
respiratory disease.

Keywords: Mushroom, functional food, antiviral effect

Keywords: Mushroom, antibacterial activity, functional food
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Cellulose Microfibrils/Locust Bean Gum Hydrogel as
a Biomaterial-Ink for 3D Bio-Printing
Juhyun Min and Young Hoon Jung*
School of Food Science and Biotechnology, Kyungpook National
University, Daegu 41566, Republic of Korea

Bread made with sourdough or high dietary fiber have emerged as healthy
alternatives to traditional wheat bread due to their glycemic lowering effects
and bowel health improvement. However, the mechanism of the health
benefits remains elusive, particularly at the metabolomics level. Therefore,
we conducted metabolic profiling of fecal samples from C57BL/6N mice fed
with 1) chow diet, 2) white bread, 3) 20% sourdough bread, and 4) high
dietary fiber bread (DF bread). Liquid chromatography-tandem mass
spectrometry (LC-MS/MS) was applied in targeted and untargeted manners.
Major target compounds were short-chain fatty acids (SCFAs), which have
been known for a range of beneficial effects. However, the chemicals did not
show significant differences among groups in both multivariate and
univariate statistics. On the contrary, untargeted metabolite profiles
demonstrated that the DF bread group was clustered distinctively from all
the other groups, while sourdough bread and white bread were not separated
by principal component analysis (PCA). Subsequent univariate statistics
identified the significant metabolic features specific to the DF bread-fed
group. Further research entails the mechanistic understanding of the effects
of high fiber bread-specific metabolites on the human body.

The 3D bio-printing allows the production of three-dimensional structures
utilizing diverse types of cells, bio-related substances, and molecules.
Cellulose microfibrils (CMFs), showing shear-thinning properties, is a
feasible material used for 3D bio-printing. The objective of the present study
was to investigate the possibility of using CMFs/locust bean gum (LBG)
which is an interpenetrating hydrogel as a 3D biomaterial ink, by mixing
different concentrations (1%-7%) of LBG with 1% CMF suspensions. In the
existence of 3%-5% LBG, the increase in the angular frequency (rad/s)
showed the increasing of G' (storage modulus) but saturated G'' (loss
modulus) at above 3% LBG samples. The optimal conformity to the
designed 3D printing shape was obtained using 1% CMF with 4% LBG
giving the least dimensional error at optimized printing conditions as 10
mm/s printing speed, 50% infill density, 0.8 mm nozzle diameter, and 0.4
mm layer height. In conclusion, CMFs/LBG hydrogel can be applicable as a
biomaterial ink for 3D printing.
Keywords: 3D bio-printing, cellulose microfibrils, locust bean gum
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Application of GRAS Fermented Food Microbial
Metabolite for Postbiotics Development

Anti-Allergic Effects of Active Fraction from Abalone
(Haliotis discus hannai) Viscera in PMACI-Induced Human
Basophilic KU812F Cells
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EonGyeong Kim1, Sin-Hye Kim2, Tai-Sun Shin2, Ji-Yeon Chun1,
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Fermented foods have been reported to result in many health improvements,
such as activation of intestinal motility, enhancement of immunity,
anticancer and lowering of cholesterol etc. These positive effects can be
exerted by probiotics such as Lactic acid bacteria existed in fermented foods
and metabolites that is bioactive component. Among them, we selected
Lactiplantibacillus plantarum and Bacillus velezensis that isolated
microorganism from fermented foods. Lactiplantibacillus plantarum KM2
and Bacillus velezensis KMU01 have a lot of enzymes such as proteases and
peptidases, which have been identified in the gene. Also we confirmed
antibiotic susceptibility, hemolytic test and bacteriocin producing gene. And
KMU01 has GGT that have transpeptidation function. With their
metabolites, we confirmed that both KM2 and KMU01 have immune
activity (TNF-α, IFN-β) and inhibition activity of colorectal cancer cells in
vitro. Therefore, we suppose that functional postbiotics can be developed
using KM2, KMU01 metabolites.

Abalone, Haliotis discus hannai, is one of the most valuable marine mollusks
and the by-products of abalone processing are viscera. Brownish abalone
male viscera (AMV), which have not been reported as having anti-allergic
effects, was extracted with acetone and fractionated by different six acetone/
hexane ratios (0, 10, 20, 30, 40, and 100%) using a silica column via
degranulation inhibition-guided fractionation. Among the fractions, the
acetone/hexane ratio 40%, A40 exhibited the maximum absorbance at 451
nm on chromatogram and the most potent inhibition of PMACI-induced
b-hexosaminidase release in human basophilic KU812F cells without
cytotoxicity. Our ELISA results shown that this fraction inhibited cytokines
production such as IL-1b, IL-6 and IL-8 in PMACI-stimulated KU812F
cells. Western blot analysis revealed that A40 down-regulated MAPK
phosphorylation (ERK 1/2, p38 and JNK), and NF-kB translocation from
cytosol to nucleus, and up-regulated Nrf-2 activity in nucleus. These results
suggested that abalone viscera containing active fraction, A40 is potential
therapeutic functional food materials for protection of allergic disorders
caused by basophils activation.

Keywords: Fermented food, Lactiplantibacillus, Bacillus
[This work was supported by Korea Institute of Planning and Evaluation for
Technology in Food, Agriculture and Forestry (IPET) through High Valueadded Food Technology Development Program, funded by Ministry of
Agriculture, Food and Rural Affairs (MAFRA) (322014-5).]

Keywords: Abalone viscera containing active fraction, A40, antiallergic
effects
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Methanol Extract of Silene takeshimensis Induce HeLa
Cell Apoptosis by Caspase Cascade Activation

Anti-Inflammatory Activity of Philadelphus schrenkii
Extract on RAW 264.7 by Down-Regulation of NF-κB and
MAPKs Pathway
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Cervical cancer is a significant health problem for woman. For this reason,
finding anti-cancer activity of some materials using HeLa cells is the primary
study to develop anti-cancer agents. Silene takeshimensis is a native plant,
that grows on Ulleung Island (Korea). We have studied the death response
induced by methanol extract of Silene takeshimensis (named as MES) in
cultured HeLa cells. The results indicated that HeLa cells underwent
apoptosis in dose-dependent manner when treated with MES. We identified
that MES prevented the survival of HeLa cells between 100 and 200 µg/mL
which did not affect normal keratinocyte HaCaT cells. In addition, to
investigate the mechanisms of apoptotic effect of MES, we performed
western blot assay and immunofluorescence staining. The mechanism
study, the expression of cleaved caspase-9, cleaved caspase-7, cleaved
caspase-3 was increased by MES treatment. This apoptotic cell death was
accompanied by caspase-9 and caspase-3 activation, as indicated by the
cleavage of caspase substrates. To the best of our knowledge, this is the first
report researching anti-cancer effects and specific molecular mechanisms of
MES. The results of the study identified that MES has anti-cancer activity on
HeLa cells vial caspase cascade apoptosis signaling pathways.

Philadelphus L. is observed throughout East Asia and is cultivated as
horticultural plants in Europe. Traditionally, P. schrenkii Rupr. has been used
as a herbal medicine to reduce fever, swelling and pain in South Korea. In
this study, we investigated the anti-inflammatory effect of P. schrenkii Rupr.
extract in LPS-induced RAW 264.7 cells. P. schrenkii Rupr. extract did not
inhibit the cell viability below a concentration of 200 μg/mL, and it showed
a dose-dependent suppression against nitric oxide (NO), a precursor of the
inflammatory response in LPS-treated RAW 264.7 cells. P. schrenkii Rupr.
extract down-regulated inducible nitric oxide synthase (iNOS) expression,
while it did not affect the expression of cyclooyxgenase-2 (COX-2), which
synthesizes prostaglandin E2 (PGE2), an inflammatory cytokine. In addition,
we found that phosphorylation of NF-κB pathway including IKKα/β, IκBα
and NF-κB was inhibited by P. schrenkii Rupr. extract. Moreover,
phosphorylation of MAPKs containing ERK, JNK and p38 was decrease in
RAW 264.7 cells treated with P. schrenkii Rupr. extract. These findings
suggest that P. schrenkii Rupr. might be inhibition of inflammatory activities
in LPS-stimulated RAW 264.7 cells by suppressing NF-kB pathway and
MAPKs cascades.

Keywords: Apoptosis, heLa, Silene takeshimensis

Keywords: Raw 264.7, NF-kB, Philadelphus schrenkii
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Inhibitory Effects of Gentisic Acid on Obesity-Related
Inflammation in RAW 264.7 and 3T3-L1 Cell Lines

Inhibition of Biofilm Formation by Citrus Peel Extract
through c-di-GMP Regulation

Min Jae Kang, So Hee Ba, Sang Hyun Son, Yong Jun Park,
Yu Jin Lim, and Gun-Do Kim*
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Gentisic acid (GA) is one of benzoic acid derivatives present in various food
ingredients. GA has been reported that its various pharmaceutical activities,
such as antioxidant, anti-carcinogenic, and hepatoprotective effects. In this
study, a co-culture system was performed to investigate the mechanisms of
the anti-inflammatory and anti-adipogenic effects of GA on macrophages
and adipocytes, respectively, as well as its effect on obesity-related chronic
inflammation. We found that GA effectively suppressed lipopolysaccharidestimulated inflammatory responses by controlling the production of proinflammatory mediators and cytokines, as well as modulating the expression
of inflammation-related proteins. GA treatment also inhibited lipid
accumulation in adipocytes by modulating the expression of major
adipogenic transcription factors and their upstream protein pathways.
Furthermore, in the macrophage–adipocyte co-culture system, GA
decreased the production of obesity-related pro-inflammatory cytokines.
These results indicate that GA possesses effective anti-inflammatory and
anti-adipogenic activities and may be used in developing treatments for the
management of obesity-related chronic inflammatory diseases.

Bacterial biofilm formation is a serious problem in various fields of medical,
clinical, and industrial settings. Antibiotics and biocide treatments are
typical methods of removing bacterial biofilms, but it is difficult to remove
the biofilms on surfaces due to their increased resistance. An alternative
approach to the antimicrobial agents is using biofilm inhibitors that regulate
biofilm development without inhibiting bacterial growth. In this study, we
found that citrus peel extract can inhibit bacterial biofilm formation.
According to the results, citrus peel extract concentration-dependently
reduced biofilm formation without affecting bacterial growth. Additionally,
citrus peel extract decreased the production of extracellular polymeric
substances but increased bacterial swarming motility. These results led to
the hypothesis that citrus peel extract can reduced intracellular bis-(3′-5′)cyclic dimeric guanosine monophosphate (c-di-GMP) concentration. The
results showed that citrus peel extract significantly reduced the c-di-GMP
level through increased phosphodiesterase activity. Altogether, these
findings suggest that citrus peel extract as a biofilm inhibitor has new
potential for pharmacological and industrial applications.

Keywords: Gentisic acid, obesity, inflammation

Keywords: Citrus peel extract, biofilm formation, c-di-GMP
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Evaluation of Single and Combined Treatment of
Botanical Cakes against Root-Knot Nematode,
Meloidogyne incognita

Immunomodulatory Effect of Lacticaseibacillus
rhamnosus HDB1258 against Intestinal Inflammation in
HT-29 Human Colon Epithelial Cells
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Choeki Wangchuk1, and Mi-Kyung Sang2
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Probiotics recently have increasing interests because of their various healthbeneficial activities such as immunomodulation, anti-diabetic, and antiobesity, etc. Nowadays, the development of new candidates for
immunomodulatory probiotics is considered to have industrial importance
in wide health-beneficial food and beverage markets as interests of many
customers about ‘self-medication’ have rising up. Hence, we investigated the
anti-inflammatory effect of Lacticaseibacillus rhamnosus HDB1258 against
the intestinal inflammation using HT-29 human colon epithelial cells. In the
presence of L. rhamnosus HDB1258, inflammation-induced secretion of
pro-inflammatory cytokines and chemokine, such as TNF-α, IL-1β, and IL8, was dose-dependently suppressed in HT-29 cells. Real-time PCR results
showed that L. rhamnosus HDB1258 also decreased mRNA expression of
pro-inflammatory cytokines, whereas mRNA expression of IL-10, an antiinflammatory cytokine, was increased in inflammation-induced HT-29 cells
upon the pretreatment of L. rhamnosus HDB1258. These results
demonstrate that L. rhamnosus HDB1258 attenuates intestinal inflammation
via regulation of pro- and anti-inflammatory molecules expressions, thereby
being a new candidate for immunomodulatory probiotics.

Root-knot nematodes, Meloidogyne sp. are capable of severely damage a
wide range of crops, in particular Cucurbitaceae and Solanaceae crops,
causing yield losses. In this study, a pot experiment was carried out under
greenhouse conditions to study the efficacy of single and combined
treatments of botanical materials, neem, karanja, aloe and Indian poke cake
against root-knot nematode, Meloidogyne incognita on the tomato and
cucumber. 1% (v/w) Neem+Karanja+aloe and 3% (v/w) Neem+aloe was the
most effective treatment on reducing of number of nematode and promoting
cucumber and tomato growth. compared to the untreated control at 45 days
after treatment. The results revealed that the most of the single and
combined botanical treatments excepted Indian poke cake obviously
reduced number of M. incognita and increased tomato and cucumber
growth compared to the untreated control in the soil.
Keywords: Meloidogyne incognita, botanical cakes
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Anti-Inflammatory Effects of Sasa quelpaertensis Nakai
Leaf Extract

The Preventive Effects of Dendropanax morbifera Extract
and Quercetin on Degenerative Brain Diseases in
Astrocytic C6 Cells
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Sasa quelpaertensis Nakai, known as Jeju-Joritdae, is an edible dwarf
bamboo cultivated mainly in Jeju Island, South Korea. To investigate the
anti-inflammatory activities of S. quelpaertensis leaf extract in RAW 264.7
and HaCaT cells, the leaves were extracted under various conditions, such as
solvent (0%, 20%, 50%, 70%, 90% ethanol), temperature (RT, 60℃, 80℃)
and time (6, 8 h). The production of nitric oxide (NO) and cytokine tumor
necrosis factor (TNF)-α were assessed in lipopolysaccharides (LPS)stimulated RAW 264.7 cells. S. quelpaertensis leaf extract prepared using
70% ethanol at 80℃ for 6 h showed highest inhibition on NO production
among other extracts. It also effectively inhibited the production of TNF-α.
Moreover, in TNF-α/IFN-γ-stimulated HaCaT cells, the extract reduced the
expression of inflammatory cytokines thymus and activation-regulated
chemokine (TARC) and macrophage-derived chemokine (MDC) in dosedependent manner. These results suggest that S. quelpaertensis leaf extract
has potential as a promising anti-inflammatory food material.

Aquaporin-4 channel protein (AQP4) in astrocytes plays a major role in
amyloid β (Aβ) clearance system that mitigates the accumulation of Aβ via
the low-density lipoprotein receptor-related protein-1 (LRP1) mediated
pathway in Alzheimer’s disease (AD). Dendropanax morbiferus is known to
improve brain cognitive function by inhibiting AChE. However, studies
related to the regulatory effects of this plant extract and its major component
quercetin on AQP4/LRP1 pathway have not been reported. In the present
study, the regulatory effects of D. morbiferus and quercetin on the proteins
expression of AQP4, brain-derived neurotrophic factor (BDNF, a cognitive
biomarker), glial fibrillary acidic protein (GFAP, an astrocyte marker), and
LRP1 were investigated in cAMP-induced astrocytic C6 cells. Our data
showed that D. morbiferus ethanol extract and quercetin increased the
AQP4, GFAP, BDNF and LRP1 protein expression in Aβ-treated astrocytic
C6 cells. In addition, the effects of the extract and quercetin on the
expression of synapsin 1 and Iba 1 were examined in AD-like in vitro
condition using cAMP-stimulated C6 cells to investigate the effectiveness on
sleep disorders and depression associated with AD.

Keywords: Sasa quelpaertensis Nakai, anti-inflammation, RAW 264.7 cells
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The Protective Effects of Edible Plant Extracts from
Gyeongbuk Area on Amyloid Beta-Induced Astrocytic
Damage in cAMP-Rreated C6 Cells

In Vitro and Ex Vivo Immunostimulating Activities by Cold
Extract of Filipendula glaberrima Nakai
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Astrocytic aquaporin 4 (AQP4) facilitates amyloid β (Aβ) clearance system
that mitigates the accumulation of Aβ via the low-density lipoprotein
receptor-related protein-1 (LRP1) mediated pathway in Alzheimer’s disease
(AD) mouse models. In in vitro studies, the C6 cell line is a widely applied
aging model system to investigate changes in glial cells associated with aging
or AD. The expressions of GFAP, a astrocyte marker, and AQP4 protein were
significantly increased with glutamine (2 mM) and dbcAMP (1 mM) in the
absence of FBS for 24 h treatment. In addition, LRP1 protein was also
expressed under the differentiation condition of C6 cells, and these proteins
expression were significantly inhibited by Aβ at 5 μM. In this study, the
protective effects of 10 different edible plant extracts from Gyeongbuk area
on astrocyte function in AD-like in vitro condition were investigated. As
results, two extracts, such as Chrysosplenium flagelliferum F.Schmidt, Acer
tataricum subsp. ginnala (Maxim.) Wesm. showed protection against Aβinduced cell damage in a dose-dependent manner. In addition, these plant
extracts seem to have potential for protecting astrocytic function via the
expression of GFAP and AQP4 proteins. Moreover, the 2 extracts enhanced
the proteins expression of LRP1 and brain-derived neurotrophic factor
(BDNF), an Aβ-removing protein and a cognitive biomarker, respectively.
Our data suggest that these plant extracts from Gyeongbuk area can be used
as food materials for elderly people with cognitive impairment.

Filipendula glaberrima Nakai (FG) is a perennial plant that grows in deep
mountains. In this study, diverse immune-stimulating activities by cold
water extract of FG (named as CW-FG) were measured in vitro and ex vivo.
In vitro, nitric oxide (NO) and cytokines (tumor necrosis factor-α,
interleukin-6) were measured in RAW 264.7 macrophages. As a result, CWFG showed dose-dependent effect both mRNA (quantitative real-time
polymerase chain reaction) and protein level (ELISA). Based on these
results, we investigated the development of immunity and intestinal
immunomodulatory activity in ex vivo. First, immune regulators (tumor
necrosis factor-α, interferon gamma, granulocyte-macrophage colonystimulating factor) were measured in splenocytes and CW-FG showed dosedependent effect. Second, the secretory ability of hematopoietic cell growth
factors was measured through peyer’s patch cells and the proliferation ability
of bone marrow cells was confirmed by adding the culture medium of
peyer’s patch. Through this, we measured the intestinal immune activity via
Peyer’s patch and as a result, CW-FG showed good effect. In conclusion, in
this study, CW-FG showed immune-stimulating activities in macrophages,
splenocytes, and peyer’s patch in vitro and ex vivo. Therefore, CW-FG can
be used as a functional food substance as an immune enhancer.
Keywords: Filipendula glaberrima Nakai, immunostimulant, Peyer’s patch
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Effect of Self-Made Indian Poke Extracts against Aphid in
Organic Agriculture Fields

Production of Phytoene from Paracoccus haeundaensis
Strain Using Knockout Method
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The use of chemical pesticides increased agricultural production, but also
raised environmental pollution and health problems. To solve this problem,
bioactive compounds of plant resources are used to control insect pests.
Plants contain various chemicals, many of which have insecticidal
properties. More than 2000 plant species are known to produce chemicals
and metabolites in insect pest control. We tested the effect of controlling
Aphis by using self-made Indian poke containing triterpenoid saponin and
sterols. Indian poke was extracted with 95% ethanol for 1 day, 7 days, 15
days, and 30 days, and was diluted 50-fold and 100-fold diluted with the
stock solution for treatment. The Indian poke extracts showed stable
insecticidal activity with more than 70 % of control efficacy in hot pepper.
The results suggest that the self-made Indian poke extracts can be applied to
other insect control.

Phytoene is the first C40 carotenoid synthesized by CrtB enzyme using two
molecules of C20 geranylgeranyl pyrophosphate as substrates in the C40
carotenoid biosynthesis pathway such as β-carotene, zeaxanthin and
astaxanthin, and is a colorless carotenoid. Because phytoene has the ability
to absorb UV and is not colored, it is used as a raw material for cosmetics
such as sunscreen. Paracoccus haeundaensis synthesizes astaxanthin as a
final carotenoid product by carotenoid biosynthetic enzymes such as CrtE,
CrtB, CrtI, CrtY, CrtZ, and CrtW. It is possible to biosynthesize pyhtoene as
an intermediate metabolite in the carotenoid biosynthetic pathway by the
CrtE and CrtB enzymes of the carotenoid biosynthetic pathway. Therefore,
if the activity of CrtI enzyme that converts phytoene into lycopene is
inhibited, it can induce the production of pyhtoene as a final metabolite. In
this study, the crtI gene of P. haeundaensis strain was knocked out using the
CRISPR method. After selecting colonies that do not show red color on the
plate medium, a knockout strain producing phytoene was identified through
HPLC.

Keywords: Insect pest control, indian poke, aphid
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Coix lachryma-jobi L. (Adlay) is a grass crop that has long been consumed
both as an herbal medicine and as a nourishing food. Fermented adlay and
adlay bran have been reported to have anti-inflammatory, antioxidant, anticancer, and anti-allergy activities. The purpose of this study is to research
the whitening effects of fermentation extract made from the adlay bran.
Lactobacillus was isolated from Korean traditional food. The strain is safe
according to safety assessment including hemolytic activity, biogenic amine
production, mucin degradation and antibiotic susceptibility. To develop
functional cosmetics using adlay bran, Lactobacillus plantarum, with
known safety and high glycolytic enzymatic activity, has been used in the
adlay bran fermentation process. Then the fermented adlay bran was
extracted with prethanol (1:3, v/v) and concentrated under vacuum. The
ethanol extract was suspended in water and partitioned successively with
dichloromethane (CH2Cl2), ethylacetate (EtOAc), n-butanol (BuOH). The
BuOH fraction exhibited the most potent inhibition rate of the melanin
biosynthesis, the activity of tyrosinase in malignant melanoma, B16F10
cells.

Glycogen is accumulated in Saccharomyces cerevisiae as a carbon source
reservoir. Recently, many biological activities of glycogen, especially for hair
and skin health, were found. In this study, the purification method of
glycogen from S. cerevisiae CEY1, which was developed for glycogen
production, was established, and its characteristics were determined. Freezedried yeast was lysed by high-pressure homogenizing. Crude glycogen was
extracted from the lysate by ethanol precipitation. The purity of glycogen
was improved by washing with ethanol and reached 95%. Molecular weight
of CEY1 glycogen was in-between those of Escherichia coli and mussel and
120-fold smaller than maize amylopectin. Yeast glycogen had side chain
distribution similar to mussel but relatively long chains compared to E.coli.
The product had high water solubility as 240 mg/ml, and the 17% aqueous
solution was stable at room temperature for 2 weeks. It could improve skin
moisturizing by increasing the level of HAS2 and COL1A2 gene on HDF
cells while enhancing HAS2 and HAS3 on HaCaT. In the UVB protection
experiment, CEY1 enhanced mRNA levels of Nrf2 but the results in
repressing the inflammatory cytokines IL-1β, IL-6, IL-8, TNF-α were
unclear. It is feasible that yeast glycogen could be a new functional ingredient
for the cosmetics industry.

Keywords: Coix lachryma-jobi L., Lactobacillus plantarum, whitening
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Enzymic Synthesis and Structure Confirmation of
Maltohexaose-Based Sugar Esters

Changes in RNA Levels in Co-Culture of Paracoccus
haeundaensis and Lactobacillus fermentum
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In this study, maltohexaose (G6)-based sugar esters were synthesized from
G6 and C12-16 fatty acids using immobilized lipase. The previously
developed method for the G7-based sugar ester production (10% of DMSO
of t-butanol, 0.2 of G6/FA molar ratio, 33.5 U of immobilized CALB per 1 g
of FA at 60℃ for 72 h) was adapted and further optimized in this study.
Firstly, G6 and palmitic acid (PA) were used as substrates for G6-FA ester
production. The reaction progress was monitored by HPLC-ELSD system
by quantifying decrease of PA. After reaction, products were purified using
multi-solvent fractionation and solid-phase extractions. The molecular
weight of G6-PA monoester were identified by mass spectrometry (MALDITOF/MS). G6-lauryl (C12) esters and G6-miristyl (C14) esters were
synthesized under the same conditions for G6-PA monoester. The
conversion rates of the reactions were 90% or greater. After proper
purification, the G6-FA monoester will be evaluated as novel biosurfactants
by comparing their emulsifying properties with sucrose-PA in oil-in-water
emulsion system.

The increase in productivity of astaxanthin, one of the carotenoids, in coculture of Paracoccus haeundaensis and Lactobacillus fermentum indicates
that there was an interaction between the two strains. In order to confirm
the interaction between the two strains, transcriptome analysis was
performed on cells collected by co-culture of P. haeundaensis and L.
fermentum. Changes in RNA levels of P. haeundaensis and L. fermentum
were analyzed using the KEGG database. Up-regulated RNA level of genes
of P. haeundaensis strains in co-culture are associated with inositol
phosphate metabolism, ABC transporters, and carotenoid biosynthesis
pathways. On the other hand, the down-regulated genes were those involved
in sulfur metabolism. In L. fermentum, up-regulated genes were involved in
thiamine metabolism, purine and pyrimidine metabolism, amino acid
metabolism and ABC transporter, and down-regulated genes were involved
in DNA replication, transcription, and translation. In addition, as a result of
real-time qPCR of RNA levels of carotenoid biosynthesis genes such as crtE,
crtB, crtI, crtY, crtZ and crtW present in P. haeundaensis, it was confirmed
that the expression level of crtI, crtY, and crtZ genes was increased in coculture.

Keywords: Maltohexaose, sugar esters, esterification

Keywords: Paracoccus haeundaensis, Lactobacillus fermentum, co-culture
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In nature, there are a great number of micro-organisms. Until now, many
bacterial culture methods have been developed, but only a few thousand
species out of them have been isolated into pure culture. Still large portion of
soil bacteria is uncultured with unknown functions. In this study, we
developed new culture methods for previously uncultured soil bacteria and
isolated uncultured bacteria as well as cultured bacteria. Among these
bacteria, some may produce natural substances with antioxidant, anti-aging
and whitening effects that can be used for cosmetic development. To find
the bacteria that produce these natural substances, a Vietnamese soil sample
was used for isolation and the whitening effect was compared with arbutin
(standard material) using culture supernatant. As a result, we found two
bacterial strains have tyrosinase inhibition activity showing 64.8% for
VNHK49, 61% for VNHK50 and 62% for T1-1 comparable to arbutin
solution (50 µg/mL) with 66% activity. Purification of natural substances
and their IC50 values will be necessary for the further study. These bacterial
strains may be useful to develop functional cosmetics in the future.
Keywords: Bacterial resources, functional cosmetics, tyrosinase
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Transcriptome Analysis of Bacillus licheniformis Whose
Growth Was Significantly Enhanced by Oligo-Alginate

Edible Mycoprotein as Alternative Foods Influences the
Longevity and Fat Accumulation of Caenorhabditis
elegans Animal Model

Ji Min Kim1, Davoodbasha MubarakAli1,2,3, Sang Yul Lee3,4, and
Jung Wan Kim1,3,5*
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About 30~50% of human protein intake per day comes from livestock
products and the total livestock product consumption is predicted to
increase by about two times in 2050 compared to 1999. Due to the increasing
global population, it is important to develop nutritionally sustainable food
for the future. Obesity is a global epidemic these days and excessive
consumption of livestock products is one of the main reasons for the
increasing obese population. Mycoprotein is a whole food source derived
from the fermentation of fungi. Fermented product of Fusarium venenatum
is one of the mycoproteins and due to its high protein and fiber with low-fat
content, it is considered potential functional food to increase health and
treat obesity. In this study, F. venenatum was fed to C. elegans in L1 (Larval)
and L4 (Young adult) stages to estimate whether F. venenatum can improve
lifespan. Compare to C. elegans fed with E. coli OP50, C. elegans fed with F.
venenatum showed increased lifespan in both L1 and L4. Also feeding C.
elegans with protein extraction from F. venenatum significantly improved
lifespan of nematode. Which indicated that F. venenatum and protein
extraction can enhance lifespan in C. elegans. Feeding C. elegans with F.
venenatum for 48 hours from L4 stages showed reduced fat accumulation
compared to C. elegans fed with E. coli OP50. In summary, these results
showed F. venenatum may be a sustainable protein source for increasing
health and treating obesity.

Solution plasma process (SPP) is an efficient and safe method for the
development of functional biomaterials. Alginate is an acidic heteropolysaccharide with potentials in biomedicine and foods due to non-toxicity
and biocompatibility, but its low solubility and high viscosity limits its
application. SPP was employed to degrade alginate without adding any
hazardous chemicals. Alginate solution (0.75%) was discharged by plasma at
800 V, 35 kHz for 15-90 min. The resulting oligo-alginate (OA) was an
excellent antioxidant that was proved as hydrogen (DPPH) and superoxide
radical scavengers. OA (2.0%) prepared by discharging plasma for 60 min
promoted growth of Bacillus licheniformis significantly. The control group
in TSB showed middle and later growth stages with a maximal OD600 of
11.82 at 72 hrs, but the experimental group in TSB with OA grew steadily
with a maximal OD600 of 20.56 at 72 hrs. Sporulation rate of the experimental
group was higher than the control by 162 folds at 24 hrs. The transcriptome
analysis for B. licheniformis revealed that 904 genes out of 4,350 genes had
more than two-fold differences in expression due to OA. Genes for
metabolic process (270 genes) were most affected and expression of the
genes for biotin synthesis increased greatly up to 139.5 folds. In the
meanwhile, the expression of N- acetylmuramoyl-L-alanine amidase,
inducing autolysin, decreased by 19.5 folds. Expression of most sporulative
genes (55/58) increased more than twice, evidencing OA affected
sporulation.

Keywords: Fusarium venenatum, mycoprotein, fat accumulation

Keywords: Solution plasma process, oligo-alginate, Bacillus licheniformis
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Biologically Synthesized Silver Nanoparticles: A Toxic
Effect against Adult Zebrafish

Multi-Omics Based Immunomodulatory Role of Bovine
Colostrum-Derived Extracellular Vesicles in DSS-Induced
Colitis Model

Krishnaraj Chandran1 and Soon-Il Yun1,2*

Daye Mun, Sangdon Ryu, An Na Kang, Woongji Lee, Hye Jin Choi,
Mingeun Kang, Jeongkuk Park, You Bin Choi, Daniel Lee,
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The present study examines the deleterious effict of biologically synthesized
silver nanoparticles in adult zebrafish. Silver nanoparticles (AgNPs) used in
the study were synthesized by treaing AgNO3 with aqueous leaves extract of
Malva crispa Linn., a medicinal herb as a source of reductants. LC50
concentration of AgNPs at 96 h was as 142.2 µg/L. In order to explore the
underlying toxicity mechanisms of AgNPs, half of the LC50 concentration
(71.1 µg/L) was exposed to adult zebrafish for 14 days. Cytological changes
and intrahepatic localization of AgNPs were observed in gills and liver
tissues respectively, and the results concluded a possible sign for oxidavtive
stress. In addition to oxidaative stress the genotoxic effect was observed in
perpheral blood cells like presence of micronuclei, nuclear abnormalities
and also loss in cell contact with irregular shape was observed in liver
parenchyma cells. Hence to confirm the oxidative stress and genotoxic
effects the mRNA expression of stress related (MTF-1, HSP70) and immune
response related (TLR4, NFKB, IL1B, CEBP, TRF, TLR22) genes were
analyzed in liver tissues and the results clrearly concluded that the plant
extract mediated synthesis of AgNPs leads to oxidative stress and
immunotoxicity in adult zebrafish.

In this study, we investigated the effect of bovine colostrum-derived EVs
(BCEVs) on dextran sodium sulfate (DSS)-induced colitis mice using a
multi-omics analysis. The BCEVs were administered daily for three weeks
prior to the 6 days 3% DSS treatment. Based on global transcriptome
analysis, differentially expressed genes were identified. Regarding GO
biological process, the upregulated genes in the DSS group were mainly
enriched in immune system process and inflammatory response.
Meanwhile, administration of EVs to DSS-group downregulated gene
expression involved in cell cycle and cell division. Functional implications of
the DEGs were analyzed and revealed that upregulated genes of the DSS
group were enriched in multiple functions related to chemotaxis and innate
immune response. Compared to the DSS group, pretreatment of EVs
downregulated genes involved in cell differentiation and developmental
growth. Global fecal metabolomics was carried out and EVs treatment
resulted in a clear metabolic changes. In conclusion, our results showed that
BCEVs exerted protected effects against DSS-induced colitis via regulation
of the immune response and metabolic change. These results suggest that
the administration of dietary colostrum EVs can be a novel therapeutic
strategy for inflammatory bowel disease.

Keywords: Silver nanoparticles, zebrafish, in vivo toxicity

Keywords: Bovine colostrum, extracellular vesicles, DSS-induced colitis,
multi-omic analysis
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Antioxidant, Algicidal, and Cell Proliferation Activity of
Oligochitosan Generated by Solution Plasma Process

Synthesis and Characterization of Oligoalginate
Nanoceria Biocomposites Using Solution Plasma Process
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Nanoceria (CeO2 NP) has been applied in the biomedical applications due to
their distinct properties from their low redox potential of the Ce4+/Ce3+ redox
couple. Also, oligoalginates, prepared by using SPP, showed high antioxidant
activities. In this study, oligoalginate (OA) nanoceria (Ce) biocomposites
were synthesized by SPP to make a biocomplex with more excellent
antioxidant activities. Plasma was discharged in 0.6% or 0.8% OA with 1, 3,
5 mM Ce at 800 voltages, 30 kHz for 15 min using a unipolar power supply
and a reactor with tungsten electrodes. UV-Vis spectroscopy showed two
peaks at 320-340 nm and 350-366 nm with absorbance of 2.142-5.34 and
2.82-4.416. Among them, 0.8% OA∙5 mM Ce showed the highest peaks and
showed highest percentage of DPPH(2,2-diphenyl-1-picrylhydrazyl) radicals
scavenging activities, which was about 75%. FT-IR analysis indicated that
chemical bonds of OA were not affected by plasma discharge. The prevalence
of nanoceria as Ce3+ and Ce4+ in the 0.8% OA∙5 mM Ce matrix was revealed
by the XPS analysis, and well-dispersed nanoceria coated with oligoalginate
in the matrix was observed using SEM/EDS and TEM. DLS analysis showed
that the average size of 1, 3, 5 mM Ce in 0.8% OA was 169.9±0, 296.2±25.115,
and 281.70±25.155 nm; and the zeta-potential, -40.33±1.125, -40.11±0.852
and -45.12±1.348 mV, respectively. Almost of the ∙OH and O2– radicals were
successfully scavenged with 0.8% OA∙5 mM Ce. Therefore, more effective
antioxidant biocomplex was obtained by using oligoalginate and nanoceria
through SPP that can be utilized as a quencher of ROS.

Solution plasma process (SPP) can depolymerize chitosan easily. Previously,
oligochitosan (OC) generated by SPP showed antimicrobial activity. In this
study, antioxidant activity and effects on the growth of algae and animal cells
were further investigated for OCs generated by discharging plasma in
chitosan (0.5%, 1N acetic acid) solution at 800 V, 30 kHz for 30, 60, or 90
min. The molecular weight of OCs determined by GPC was 300, 4.4, 3.7,
and 4.1 kDa for those discharged for 0, 30, 60, and 90 min, respectively.
FTIR analysis indicated no change in the chemical structure of chitosan
during SPP. DLS analysis indicated the average particle size of OC was
4345±104 (0 min), 226±17 (30 min), 60±12 (60 min), and 39±1 nm (90 min).
Zeta potentials were 106±0.18 (0 min), 52.68±1.03 (30 min), 50.71±0.19 (60
min), and 47.51±1.51 mV (90 min). DPPH free radical, hydroxyl radical,
and superoxide radical scavenging activities of OC (90 min, 2.5 mg/ml)
were 81%, 19%, and 83%, respectively. The EC50 of OC (90 min) for
Cylindrotheca closterium (red algae) and Ulva pertusa (green algae) was
1520±60 and 570±200 μg/ml, respectively. Effect of OC (90 min) on the
growth of HeLa and HEK293 cells was investigated using the WST-1 assay.
No cytotoxicity up to 1 mg/ml of OC was observed for both cell types. Growth
of the HeLa and the HEK293 cells was enhanced up to 120% and 180%,
respectively, at the concentration of 1 mg/ml. These results suggest that OC
has various potentials as a biofunctional material such as a novel algicidal
agent.

Keywords: Solution plasma process (SPP), oligoalginate, antioxidant agent
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In Vitro, Ex Vivo Characterization and Evaluation of
Probiotic Strains Isolated from Korean Traditional
Fermented Foods for Industrial Applications

Alleviatory Effects of a Halophilic Bacterium Isolated from
Kimchi on the Development of Atopic Dermatitis-Like
Skin Lesions in Mice

Ri-Ha Kim, Dong-Geun Park, Jeong-Eun Kwak, Do-Hee Yoo, and
Ju-Hoon Lee*
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Halophilic microorganisms are salt loving bacteria that inhabit at various
areas of high salt concentration. Although numerous halophilic bacteria
have been isolated from kimchi, little is known about their physiological
functionality. In this study, we isolated a halophilic bacterium from kimchi,
Gracilibacillus kimchii K7, and evaluated its immunomodulatory properties
by in vitro co-culture assays with immune cells. G. kimchii K7 triggered the
release of interleukin (IL)-10 and IL-12 p70 from BMDCs and significantly
decreased IL-4 production and increased IL-10 and interferon-γ production
from ovalbumin-restimulated splenocytes. These results indicate that
treatment of G. kimchii K7 induces the suppression of Th2 response.
Furthermore we investigated its ability to suppress the development of a
2,4-dinitrochlorobenzene-induced atopic dermatitis (AD) in Balb/c mice.
Oral administration of G. kimchii K7 significantly reduced AD-like skin
lesions, epidermal thickening, serum immunoglobulin E (IgE) levels and
reduced mast cell infiltration into the skin. These results suggest that a
halophilic bacterium, G. kimchii K7 is a strong immunomodulatory strain
and may be an applicable as a novel therapeutic agent for the treatment of
AD.

Total 1,589 bacteria were previously isolated from Korean traditional
fermented foods, two Lactobacillus plantarum (LP117, LP120) and two
Lactococcus lactis (LC140, LC167) were selected by in vitro cholesterol
lowering test/adhesion/simulated GI fluid resistance/heat and oxygen
tolerance test. These strains were evaluated with probiotic functions, safety
and stability with Lb. rhamnosus GG (LGG) as control. As a result, in vitro
cholesterol pathway analysis and ex vivo cholesterol lowering test revealed
that LP and LGG showed cholesterol uptake in to cell and LC showed
cholesterol adsorption to cell membrane, LC showed almost 50% of
cholesterol uptake reduction, higher than LP and LGG. Immune modulation
showed that all probiotic strains showed pro-inflammatory cytokine
lowering, anti-inflammatory stimulation activity in LPS treated RAW cell,
similar to LGG. Selected strains showed no hemolysis and cell cytotoxicity,
only LC showed high D-lactate producing activity via LGG, and all probiotic
strains including LGG showed bile salt dehydrogenase activity. MIC test
confirmed no selected strains exceeded EFSA MIC cut-off values. Overall,
as LC is superior to LP in reducing cholesterol in blood and shows a similar
pattern in other functions, LC was selected as candidate of in vivo test.

Keywords: Kimchi, halophilic microorganisms, atopic dermatitis
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A Genomics-Based Semi-Rational Approach for
Expanding the Postbiotic Potential of Collagen Peptides
Using Lactobacillaceae

Evaluation of Anti-Obesity Effect of Fermented Vegetable
Juice through Adipogenic Gene Profiling in Human
Mesenchymal Stem Cells
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The purpose of this study was to demonstrate the effect of pro
biotic
vegetable juice (VJ) on the antiadipogenic properties and to estimate active
compounds derived from their fermentation metabolites. VJ was fermented
by two lactic acid bacteria (LAB) (Companilactobacillus allii sp. and
Lactococcus lactis sp.) isolated from kimchi. Their properties were evaluated
in differentiated human mesenchymal stem cells. In vitro antibody array
analysis was performed to compare signaling proteins involved in
adipogenesis. Gene Ontology enrichment analysis showed that differentially
expressed proteins are related in a variety of biological and immunological
processes, particularly in VJ fermented with LABs. Furthermore, Oil Red O
staining showed that the fermentation metabolites of VJ (indole-3-lactic
acid, leucic acid and phenyllactic acid) had an inhibitory effect on lipid
accumulation in vitro. These results suggest that LAB-fermented VJ and
their metabolites may have beneficial effects in obese people.

Food-derived bioactive peptides (BPs) have received considerable attention
as postbiotics for human gut health. Here we used a genomics-based semirational approach to expand the postbiotic potential of collagen peptides
(CPs) produced from probiotic fermentation. In silico digestion revealed
distinct BPs embedded in fish collagen in a protease-dependent manner.
Anaerobic digestion of collagen by representative Lactobacillaceae species
revealed differential substrate utilization and collagen degradation patterns.
Nano-liquid chromatography-mass spectrometry analysis of CPs showed
that each species exhibited different cleavage patterns and unique peptide
profiles. Remarkably, the 1–10 kDa CPs produced by Lacticaseibacillus
paracasei showed agonistic activities towards GPR35. These CPs could
repair intestinal epithelium through the GPR35-mediated ERK1/2 signaling
pathway, suggesting that probiotic-aided collagen hydrolysates can serve as
postbiotics for host-microbe interactions. Therefore, this study provides an
effective strategy for the rapid screening of CPs for gut health in the GI tract.

Keywords: Companilactobacillus spp., Lactococcus lactis spp., kimchi starter
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Anti-Obesity Effect of Companilactobacillus allii WiKim39
and Lactococcus lactis WiKim124 in High-Fat DietInduced Obese Mice

Synthesis and Functional Characterization of Novel
Isomaltooligosaccharide Produced by Engineered
4,6-α-Glucanotransferase

Eun-Ji Choi, Moeun Lee, Jung Hee Song, Jin Yong Kang,
Daun Kim, and Ji Yoon Chang*
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In this study, transglycosylation mechanism of an engineered 4,6-αglucanotransferase (4,6-α-GT) from Lactobacillus reuteri were investigated
for determining of linkage ratio and degree of polymerization (DP)
distributions. Then anti-inflammatory activity of isomaltooligosaccharide
(IMO) in lipopolysaccharide-induced Raw 264.7 cell was identified. As the
substrate DP increased, the ratio of α1→6 bonds increased up to 84%. In
addition, the longer the substrate DP, the more products with DP>10 were
synthesized and final glucose content decreased significantly. When
comparing DP 4 and 10 as substrates, the ratio of DP>10 oligosaccharides
increased from 51% to 79%, and the glucose contents decreased from 20%
to 6%, respectively. All the products were highly water-soluble, and showed
little digestion by intestinal amylases. Total IMO (F0) and its two separated
fractions of low DP (F1), and high DP (F2) were obtained using Bio-Gel P2
chromatography. The anti-inflammatory activity of different DPs of IMOs
were determined using murine macrophage, Raw 264.7 cells. All of them
showed no cytotoxicity, but F2 remarkably inhibited NO production from
00% to 00% in Raw 264.7 cells. Furthermore, pre-treatment of F2 suppressed
TNF-α, IL-1β, and IL-6 productions at the protein and mRNA. Consequently,
this synthesized fibers may widely applicable in the food and pharmaceutical
industries.

The purpose of this study was to investigate the anti-obesity effects of
Companilactobacillus allii WiKim39 (WiKim39) and Lactococcus lactis
WiKim124 (WiKim124) isolated from kimchi. Male C57BL/6J mice were
fed with normal diet or high-fat diet (HFD) ad libitum, and the mice fed
HFD were treated orally with WiKim39 and WiKim124 (1×109 CFU/day)
for 8 weeks. Supplementation of WiKim39 and WiKim124 showed
significantly decreased in body weight gain compared to the HFD group.
Orally administered WiKim39 and WiKim124 groups significantly
decreased glucose, insulin, leptin, free fatty acid, total cholesterol,
triglycerides, aspartate amino transferase (AST), alanine amino transferase
(ALT), and alkaline phosphatase (ALP) levels in serum. The WiKim39 and
WiKim124 administration reduced the adipose cell sizes, triglycerides, and
total cholesterol in liver. In addition, administration of WiKim39 and
WiKim124 significantly reduced the white adipose tissue (WAT) adipocyte
area in epididymal fat. The results of the present study demonstrated that
WiKim39 and WiKim124 isolated from kimchi may be used to prevent
obesity and lipid metabolism imbalances.
Keywords: Anti-obesity, high-fat diet, kimchi
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Kurarinone Induced p53-Independent G0/G1 Cell Cycle
Arrest by Degradation of K-RAS via WDR76 in Human
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Kurarinone (KR), a naturally occurring flavonoid in Sophora flavescens
Aiton and a traditional herbal medicine, reportedly has anti-cancer activity
against various cancer types both in vitro and in vivo. However, the cellular
mechanism of KR remains unknown. Therefore, we aimed to elucidate the
mechanism of cell cycle arrest induced by KR in human colorectal cancer
cells. KR not only reduced cell proliferation but also induced G0/G1 arrest
of colorectal cancer cell lines. The results of western blotting analysis showed
that KR reduced the protein levels of cyclin D1/D3 and CDK4/6 by
downregulating signaling proteins such as K-RAS, c-MYC, and p-extracellular
signal-regulated kinase. Additionally, KR arrested the cell cycle in the G0/G1
phase in a p53-indep endent manner, and decreased the protein level of
K-RAS by proteasomal degradation dependent on WDR76, an E3 ubiquitin
ligase. From these results, we propose that KR could be a potent anti-cancer
agent, acting through the degradation of K-RAS dependent on WDR76,
regardless of the p53 status.
Keywords: Kurarinone, Sophora flavescens, cell cycle
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The Water Extract of Filipendula glaberrima Nakai
Attenuates Acute Colitis by Improving Intestinal
Homeostasis

Orobol Suppresses PRPK Phosphorylation and COX-2
Expression in SSL-Exposed Human Skin Tissues
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Solar ultraviolet (SUV) exposure causes chronic skin inflammation that is
known to associate with cutaneous squamous cell carcinoma (cSCC)
development. Our previous reports showed that the p53-related protein
kinase (PRPK) is associated with increased colony formation of SCC cells
and the skin carcinogenesis process, and could be activated by solarstimulated light (SSL) irradiation in human and mouse skin tissues.
Importantly, we demonstrated that the T-LAK cell-originated protein kinase
(TOPK) directly phosphorylated PRPK to increase skin carcinogenesis.
Orobol (3'-hydroxy-genistein) is a rare isoflavone derived from soybean and
exists in trace amounts in natural and fermented foods. It is structurally
similar to genistein, which is the most common soy isoflavone. Our previous
study showed that orobol directly binds with TOPK in an ATP-independent
manner and inhibited TOPK kinase activity. In this study, we examined the
effect of orobol on PRPK phosphorylation as a downstream target of TOPK
as well as protein expression of COX-2 as an inflammation marker in acute
SSL-irradiated human skin tissues. Our results showed that SSL irradiation
increased the phosphorylation of PRPK at Ser250, and these phosphorylation
levels were significantly attenuated by orobol treatment in the epidermis of
human skin. Furthermore, acute SSL exposure increased the protein
expression of COX-2 and orobol suppressed COX-2 expression in the
epidermis and dermis of human skin. Anchorage-independent cell growth
is a characteristic of transformed cells, which is associated with tumorigenic
characteristics, including migration, colonization, and increased growth. We
thus investigated the effect of orobol on anchorage-independent growth of
human immortalized HaCaT keratinocytes and human skin squamous cell
carcinoma SCC12 cells. Orobol dose-dependently suppressed the human
epidermal growth factor (hEGF)-induced colony formation and exhibited
an IC50 value of 3.7 µM in HaCaT keratinocytes. Moreover, orobol dosedependently inhibited the anchorage-independent colony formation of
SCC12 cells with an IC50 value of 4.8 µM. Overall, our all data could support
and lay the groundwork for introducing a TOPK-targeting strategy with
orobol treatment to prevent cSCC clinically.

Inflammatory bowel disease is caused by uncontrolled immune responses
by genetic and microbial imbalances, and finally increased intestinal
permeability. However, the current treatment for colitis is limited to
controlling only inflammation. The purpose of this study was to demonstrate
the effect of attenuating colitis using Korean Filipendula glaberrima Nakai
(FG), which is considered as endemic plant native to Korea. The dextran
sodium sulfate (DSS)-induced colitis mice is the most commonly used
model because it is the most similar to human ulcerative colitis. We
measured body weight and observed stool condition according to DAI
criteria. After sacrificed, intestine length and spleen weight were measured.
In addition, H&E and alcian blue staining were performed to analyze
histological changes of the large intestine. As a result, FG treatment protected
weight loss and stool conditions. Also, FG restored epithelium in the large
intestine and increased mucin secretion. In conclusion, water extract of FG
attenuates acute colitis by restoring intestinal homeostasis. Therefore, FG
was expected to be used as a novel therapeutic option for the prevention and
management of ulcerative colitis.
Keywords: Filipendula glaberrima Nakai, colitis, mucin

B-40
The Effect of Gabyeobda Tea on Anti-Inflammation in
High Fat Diet Induced Mice
Liangliang Wu and Hojun Kim*
Department of Rehabilitation Medicine of Korean Medicine, Dongguk
University, 814 Siksa-dong, Ilsandong-gu, Goyang-si 10326, Republic of
Korea

Keywords: pbk, solar ultraviolet, skin inflammation

The purpose of this study was to investigate the effects of Gabyeobda Tea
(GT) on anti-inflammation in mice induced high fat diet (HFD). The
C57BL/6 mice fed high fat diet were administrated with GT once daily for 8
weeks. The changes of body weight, calorie intake levels were measured in
mice. The level of serum total cholesterol, triglyceride, high density
lipoprotein, glutamic oxaloacetic transaminase, and glutamic pyruvic
transaminase were measured in mice by enzyme-based assay. It was also
observed the histological changes of liver, and fat tissues with H&E staining.
Further qPCR and enzyme-linked immunosorbent assay were employed to
detect inflammatory cytokine levels such as tumor necrosis factor (TNF)-α,
interleukin (IL)-6, and Interleukin (IL)-1β. HFD+GT group, which was
administered with GT with HFD, showed no body weight gain compared
with HFD group. However, levels of GOT, GPT, and inflammatory cytokines
such as TNFa, IL-6, and IL-1β in the blood of HFD+GT group were
significantly reduced compared with HFD group. In addition, the mRNA
expression level of the IL-12b gene was significantly reduced and the mRNA
expression level of the IL-10 was increased in the liver. It suggests that GT
can alleviate inflammation responses induced high fat diet by inhibiting
inflammatory cytokines production.
Keywords: Gabyeobda tea, anti-inflammation, high-fat diet
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Actinoflavosides B-D, New Novel Isoflavonoids from Tidal
Mud Flat Streptomyces sp.

Discovery of Bioactive Secondary Metabolites Isolated
from Actinomycetes in Muan and Beolgyo mudflat

Hyeongju Jeong1, Se Jin Jo1, Jeongwon Seo1, Soohyun Um2,
Young Ran Kim1*, and Kyuho Moon1*

Jeongwon Seo1, Yern-Hyerk Shin2, Se Jin Jo1, Young Eun Du3,
Soohyun Um4, Young Ran Kim1, and Kyuho Moon1*
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Three new secondary metabolites, actinoflavosides B-D (1-3), were
discovered from a crude extract of Streptomyces sp. JML48 and JMS33 that
were isolated from tidal mud flat sediment in Muan, Republic of Korea. The
planar structures of the actinoflavosides were elucidated by HR-MS, UV,
and NMR spectroscopic data. The relative configurations of the sugar moiety in
actinoflavosides were determined by J-based configuration analysis utilizing
DQF-COSY and ROESY spectroscopic data. The absolute configurations of
actinoflavosides were assigned by the modified Mosher’s method.
Actinoflavoside B and D displayed antibacterial activity against Pseudomonas
aeruginosa with MIC values 0.29 mM and 0.30 mM, respectively.

Microbial natural products are a repository of candidate substances for new
drug development because of their structural specificity and diversity. In
particular, secondary metabolites of actinomycetes have been studied and
developed as pharmaceuticals with useful biological activities such as
antibacterial, antifungal, antioxidant and anticancer activity found in nature.
In these studies, actinomycetes were isolated from tidal mudflat and
investigated to discover novel and bioactive peptide natural products.
Boholamide A (1) was isolated from a marine actinomycetes strain collected
at tidal mudflats in Muan, Republic of Korea. Boholamide A (1), a
cyclodepsipeptide with 3-hydroxy-4,6-dimethyl-2-methoxy-nonanoic acid
(HDMN), 4-amido-2,4-pentadieneoate (APD), glycine, and valine, was
structurally determined using 1D/2D NMR spectroscopy, mass spectrometry,
and UV spectroscopy. Boholamide A (1) showed inhibitory activity against
Bacillus subtilis, with IC50 value of 0.08 mM.
The second topic of this study is about the novel cystargamides C and D (3
and 4) isolated from the tidal mudflat-derived actinomycetes strain collected
in Beolgyo, Republic of Korea. The planar structures of the cystargamides
(2-4) were identified by the spectroscopic analyses by 1/2D NMR, UV, and
MS. The absolute configurations of cystargamides were assigned based on
ROESY correlations, the advanced Marfey’s methods, and circular dichroism
(CD) spectroscopy. The structures of the compounds were determined as
new lipopeptides bearing six amino acids with an epoxy fatty acid side
chain. The whole-genome sequence of the JMS132 strain has been analyzed
and its secondary metabolism was identified using the antiSMASH 6.0
version. Cystargamides displayed anti-oxidant effect in DPPH and ABTS
assays.

Keywords: Tidal mud flat, actinoflavoside, antibacterial activity

B-43
Optimization of Heterotrophic Cultivation of Indigenous
Microalga Asterarcys sp. for the Biomass and Carotenoid
Production
Kichul Cho, Hyunji Ki, Nam Seon Kang, Sung Min An,
Eun Song Kim, and Grace Choi
Department of Microbial Resources, National Marine biodiversity Institute
of Korea (MABIK), 75, Jangsan-ro 101 beon-gil, Janghang-eup,
Seocheon-gun, Chungcheongnam-do 33662, Republic of Korea
This study aimed to optimize the heterotrophic cultivation of indigenous
microalga Asterarcys sp. for biomass and carotenoid production. The algal
strain was aseptically isolated from the brackish water located in Yeosu-si
and identified by morphological image and genetic analysis. To investigate
whether heterotrophic cultivation can be feasible under lab-scale cultivation,
the yeast extract (YE) was added to the algal culture medium (BG-11) as an
organic carbon source and cultivated under light (45 µmole m-2 s-1 of coolwhite fluorescence illumination) and dark conditions. The daily growth of
algal strain in YE-supplemented BG-11 medium showed higher growth
than that of YE un-supplemented medium both under light and dark
conditions, and no growth was observed in the YE un-supplemented dark
condition. The carbon availability test exhibited that glucose and mannose
are the most favourable organic carbon sources for the heterotrophic
cultivation of Asterarcys sp. Furthermore, the algal strain was cultivated
under commercially available soluble fertilizers-supplemented culture
media, and fertilizer B represented higher growth than that of others and
even BG-11 culture medium. After optimization of heterotrophic
cultivation, approximately 5.2 g L-1 d-1 of algal dried cell weight was obtained
from the lab-scale cultivation using a 2 L of Erlenmeyer flask. Meanwhile,
Asterarcys sp. represented significantly promoted carotenoid production
along with decreased chlorophyll contents in the nitrogen-deficient stress
condition, under the light illumination. Our results speculated that
microalga Asterarcys sp. is a promising carotenoid-producing heterotrophic
algal strain for commercial usage after safety assessment.

Keywords: Bacterial secondary metabolite, tidal mudflat, cystargamide
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Improvement of Minerals for Energy Metabolism
Disfunction Related to Metabolic Diseases

Light-Stress Induced Carotenoids Production and
Evidence for Antioxidants in Flavobacterium chilense
WSO-4

Yun-Hee Shon1, Byung Geun Ha1, Yon Kyung Jang2, and
Byong Yeob Jeon2

Raman Jegadeesh, Jeong-Seon Kim, Young-Joon Ko, and
Soo-Jin Kim*
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Agricultural Microbiology Division, National Institute of Agricultural
Sciences, Rural Development Administration, Wanju-Gun, Jeollabuk-do
55365, Republic of Korea.

Previous studies showed that deficiencies of minerals have implications for
the development of several metabolic diseases including obesity and diabetes.
Energy metabolism disfunction by the mitochondrial dysfunction is recognized
as a core feature of these metabolic diseases. Our previous studies revealed
that balanced deep-sea water (BDSW), which is composed of desalinated
water enriched with Mg and Ca, has potential as a treatment for diabetes
and obesity. In this study, to determine whether BDSW regulates
mitochondrial biogenesis and function, we investigated its effects on
mitochondrial DNA (mtDNA) content, mitochondrial enzyme activity,
expression of key transcription factors and mitochondria-specific genes,
phosphorylation of signaling molecules associated with mitochondrial
biogenesis, and mitochondrial function in cells of myotubes and preadipocytes.
BDSW increased mitochondrial biogenesis in a time and dose-dependent
manner. Quantitative real-time PCR revealed that BDSW enhances gene
expression of PGC-1α, NRF1, and TFAM for mitochondrial transcription.
Upregulationof these genes was supported by increased mitochondria
staining, CS activity, CytCoxidase activity, and AMPK phosphorylation.
Moreover, BDSW remarkably improved mtDNA content in the muscles of
high fat diet-induced obese mice. Taken together, these results suggest that
the stimulatory effect of BDSW on mitochondrial biogenesis and function
may provide further insights into the regulatory mechanism of BDSWinduced anti-metabolic diseases action.

Bacteria and yeast are alternative sources of natural organic pigments, also
called carotenoids, a group of colored tetraterpenoids. They are naturally
occurring yellow or orange pigments that serve as a protectant against
photo-oxidative damages. In recent years, the production of carotenoids
from microorganisms has a high potential in biotechnological applications.
Besides, large-scale carotenoid extraction from plant sources is not feasible
based on economic, environmental and logistical constraints. The alternative
source by the bacterial fermentation technology is incredibly effective and
proposes considerable benefits with large-scale production, costeffectiveness and safety. The research aimed to induce a morphological
change in Flavobacterium chilense WSO-4 and improve its carotenoids
production. The strain WSO-4 is a yellow-pigmented, Gram-negative and
non-pathogenic bacterium that has been isolated from rhizospheric soil in
Pocheon, South Korea. The present study investigated the effects of four
light sources on non-photosynthetic WSO-4 growth and carotenoid content.
Light sources were light-emitting diodes (LEDs) of Red, blue, green, white,
and dark conditions that served as the control. Bacterial growth and
carotenoid production were optimized by small-scale fermentation, and the
optimum condition was 60 h of incubation at pH 6.0, 28℃ and four light
sources. After 48 h incubation, the total biomass content was highest in red,
and dark slightly reduced under green, blue and white lights. Interestingly,
green and blue light induces more carotenoid content. Furthermore, two
primary carotenoids were identified from WSO-4 and were confirmed by
HPLC, UV and FT-IR. The results suggested that WSO-4 is a potential
source of zeaxanthin that could be utilized as a natural agent for industrial
products. Zeaxanthin antioxidant properties prevent oxidative stress, reduce
inflammation and protect the human retinal damage. Bacterial carotenogenesis
occurs in a constitutive or light-induced manner, suggesting the regulatory
mechanism’s diversity. While different light qualities possibly contributed to
the alternations in the carotenoid content and composition. Further investi
gations implied carotenoid biosynthesis regulation and gene expression.

Keywords: Metabolic diseases, minerals, energy metabolism
[This research was a part of the project titled ‘Global multi-combination
product development and export utilizing deep seawater extracted minerals
(FDA notification)’ funded by the Ministry of Oceans and Fisheries, Korea.]

B-46
Characterization of the Proteolytic Activity of a SalternDerived Aspergillus reticulatus Strain SK1-1

Keywords: Carotenoids, bacteria, oxidative
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[This research was supported by the National Institute of Agricultural
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Department of Microbial Resources, National Marine Biodiversity Institute
of Korea, Seocheon Gun 33662, Republic of Korea
Aspergillus reticulatus belongs to the Aspergillus penicillioides clade
encompassing several xerophilic fungi. We isolated A. reticulatus strain
designated SK1-1 from a solar saltern pond located in Korea. SK1-1
obligately required NaCl for growth on Czapek Dox agar (CDA), malt
extract agar (MEA), and potato dextrose agar (PDA) with a maximum
radial growth of 6%-9% (w/v) NaCl. In addition, SK1-1 exhibited proteolytic
activity in skim milk agar. Proteases are important industrial enzymes
utilized in food processing, detergents, textiles, and waste treatment. Using
azocasein as a protease substrate, we characterized proteolytic activity of the
extracellular crude enzyme of SK1-1. The crude protease showed maximum
activity at 40-50℃, pH 9.5-10.5, and in the absence of NaCl, and retained up
to 69% of the maximum activity until 7% NaCl. Moreover, a protease
inhibitor Pefabloc SC completely inhibited proteolytic activity of crude
enzymes, suggesting SK1-1 produces an extracellular alkaline serine
protease. Our results provide novel and fundamental information of
halophilic fungal species isolated from saline environments and its protease
activity.
Keywords: Halophilic fungi, Aspergillus reticulatus, protease
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Single-Cell Hemoprotein Represents an Anti-Obesity
Effect in Obese Mouse

Single-Cell Hemoprotein Influences on Bacterial
Communities of Pet Dogs

Seungki Lee1,2, Kyung-Hoon Park1*, Byung-Ah Kim1*, and Pil Kim1,2*
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We have reported a feed containing 1 ppm of heme-rich protein source
(HPTM, the microbe originated hemoproteins) induced the increases of lactic
acid bacteria in the dissected cecum of broiler (chickens for meat) though
their body weights were about 1~2% less than the no hemoprotein-fed
group (poster #C001 at 6th mBiome conference, 2021). To decide if the
single-cell hemoprotein was a potential anti-obesity diet, obese mouse (14
weeks aged, males, C57BL/6, n=5 per group) were fed with a high-fat diet
(HFD) supplemented with 0%, 0.05%, and 0.5% HPTM for 4 weeks. No
health abnormalities (hair loss, diarrhea, polyuria, activity change, edema)
were observed during the hemoprotein supplementations. In 2 weeks, the
body weights of 0.05 % and 0.5 % hemoprotein-fed mouse represented
2~3% weight losses: body weights2W of control, 0.05% hemoprotein-, and
0.5% hemoprotein-fed groups were 46.772±1.099, 43.771±0.299 and 44.324±2.146 g,
respectively. In 4 weeks, the body weights of 0.05% and 0.5% hemoproteindiet mouse were not significantly different from the control group: body
weights4W were 48.344±1.175, 48.046±0.529, 46.845±1.949 g respectively. No toxic
clinical symptoms were found in the dissected organs of all mouse groups.
Adipose tissue versus body weight for each mouse individual weight ratio
was calculated. (%) All the dissected adipose tissues at 4 weeks had tendency
of dose-dependent decreases in 0.05% hemoprotein- and 0.5% hemoproteinfed groups: i) epididymal fat (metabolically active fat) were 0.626±0.067,
0.609±0.022, 0.520±0.033; ii) retroperitoneal fat (located nearby kidney) were
0.111±0.007, 0.094±0.011, 0.087±0.023; iii) peritoneal fat (located in the abdomen)
were 0.211±0.018, 0.183±0.003, 0.172±0.018*; iv) mesenteric fat (tissue within the
peritoneum) were 0.490±0.040, 0.369±0.020*, 0.347±0.033* in the control, 0.05 %
hemoprotein- and 0.5 % hemoprotein-fed groups, respectively (*: p<0.05).
Therefore, the single-cell hemoprotein diet represented an anti-obesity
effect on the weights of HFD-induced obese mouse, which agreed with the
reductions of body weights in broiler chicken. The possible reasons for these
results are further discussed.

To investigate the effect of the heme-rich protein source on animals, a dogtreat (BiotreatTM) containing single-cell hemoprotein (0.2%) was
manufactured and freely fed to several pet dogs (<10 kg), at different owner’s
feeding styles, at different dogs’ lifestyles, without changes in the main diet,
for 14 days. The feces before/after the hemoprotein diet were collected for
the bacterial community prediction by 16S-based metagenomic taxonomic
profiling. There was no significant difference in the total bacteria populations
(36,413 to 35,866) from the #1 dog, though the bacterial compositions were
varied. In the #1 dog fecal samples, the Firmicutes phylum, to which many
lactic acid bacteria belong, was increased (35% to 69%), Proteobacteria
phylum, where many Gram-negative bacteria belong, was decreased (3.2%
to 1.4%), and Bacteroidetes, known to cause opportunistic infections, was
also decreased (49% to 20%). Other fecal samples from dogs with different
lifestyles also showed a similar trend in the bacterial composition. These
results were agreed with the report describing the single-cell hemoproteinharboring diet (a designed feeding experiment; 1 g of the single-cell
hemoprotein/day) led small pet dogs (at the same lifestyle) to increase the
Firmicutes ratio in the feces (Lett. Microbiol. Biotechnol. 49: 57-64, 2021).
Therefore, free-feeding the single-cell hemoprotein in a dog-treat under
different conditions generally influenced the dogs’ gut healthier (increase in
Firmicutes, reductions of Proteobacteria and Bacteroidetes) regardless of
owners’ feeding style or dogs’ lifestyle. The reviews from the dog owners are
further introduced.
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Investigation of Antioxidant Activity and Cholesterol
Regulatory Properties Using Silkworm Larvae according
to Extraction Solvent

B-49
Effect of Mulberry Root Bark and Its Compounds on
Vascular Related Disorders

Ji Hae Lee and HaeYong Kweon
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Mulberry root bark contains abundant bioactive compounds such as
oxyresveratrol and morusin which are specific to mulberry trees. In this
study, cholesterol synthase activity, platelet aggregation, and antiinflammatory were analyzed as indicators related to vascular health using
extract and compounds. The activity of cholesterol biosynthesis enzyme
(HMG-CoA reductase, -95% vs. Control), anti-inflammatory activity (-83%
vs. LPS induced Raw264.7), and anti-platelet aggregation (-97% vs. Control)
were the significantly decreased in 100% ethanol extract. Single compound
in mulberry root bark were also examined, resveratrol and oxyresveratrol
showed the antiplatelet coagulation effect, while morusin normalized LPSinduced RAW264.7 cells. In conclusion, the extract containing resveratrol,
oxyresveratrol, and morusin helps to promote vascular health, which shows
the potential possibility for development of health functional material.

Elevation of plasma cholesterol level induces risk of atherosclerosis, stroke,
and other cardiovascular disease. In this study, we examine the
hypocholesterolemic effect of silkworm larva which is the edible insect.
Extracts were prepared using distilled water and ethanol under 25 to 100℃
(Low temperature DW; LW, High temperature DW; HW, 30-100% ethanol;
E30-E100). Then polyphenol contents, antioxidant activity, and cholesterol
regulation effects were analyzed. Polyphenol concentrations were high in
LW, HW, E30, and E50 extract compared to E50 and E70 as well as
antioxidant activity which were determined by removal properties of DPPH
and ABTS radicals. Cholesterol synthesis enzyme, HMG-CoA reductase
was strongly inhibited in LW. In addition, LDLR which could remove the
plasma LDL was increased after LW stimulation followed by SREBP2 upregulation. In conclusion, a silkworm larva contains high polyphenols in
DW extract as well as has effect on cholesterol regulation.

Keywords: Mulberry, root bark, cholesterol

Keywords: Silkworm, cholesterol, extract
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Discovery of Drug-Like Molecules Targeting Type III
Secretion System of Plant Pathogenic Bacterium Erwinia
amylovora

Irritable Bowel Syndrome: IBS, Symptoms, Causes,
Treatment by Chanoclavine

Yeong Seok Kim1,2, Eun Jae Lee1, Gyung Ja Choi1,2, and Hun Kim1,2*
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The cause of IBS remains unclear, but intestinal-brain axis problems and
neurotransmitters have been suggested as factors. Electrophysiological
experi-ments were conducted using two-electrode voltage-clamp analysis to
observe the inhibitory ef-fects of chanoclavine on Xenopus oocytes in which
the h5-HT3A receptor was expressed. The co-application of chanoclavine
and 5-HT resulted in concentration-dependent, reversible, volt-ageindependent, and competitive inhibition. The 5-HT3A response induced by
5-HT was blocked by chanoclavine with IC50 values of 107.2 µM. Docking
studies suggested that chanoclavine was positioned close F130 and N138 in
5-HT3A receptor binding site. The double mutation of F130A and N138A
significantly attenuated interaction of chanoclavine compared to a single
mutation or the wild-type. These data suggest that F130 and N138 are
important sites for ligand binding and activity. Chanoclavine and ergonovine
have different effects.

Erwinia amylovora causes a devastating disease fire blight in rosaceous
plants such as apples, pears, and raspberries. Since the fire blight disease was
firstly confirmed in Korea in 2015, this severe disease has continued to
spread to new regions. Currently, fire blight management relies on cultural
and chemical practices, whereas it has been known that few natural
resources exhibit disease control efficacy against fire blight. In this study, to
discover active natural compounds showing inhibitory activity against the
type III secretion system, we generated a transgenic strain HK0955 by which
HrpA promoter fused to GFP was integrated into E. amylovora TS3128, and
then investigated how individual 1,000 natural compounds suppress GFP
expression of HK0955. Consequently, we found that six natural compounds
suppress GFP expression controlled by the HrpA promoter. Furthermore,
KRICT_NP2, NP3, NP4, and NP6 exhibited lower HrpA expression
compared with a control compound [(2,3,4- trihydroxyphenyl)methylene)]
hydrazide benzoic acid that was previously known as a T3SS inhibitor.
When four natural compounds were applied onto Chinese pearleaf crab
apple seedlings before inoculation of E. amylovora TS3128, KRICT_NP3
and KRICT_NP4 exhibited a promising disease control efficacy with disease
severity index levels of 1.0 and 0.6, respectively. To better understand how
KRICT_NP3 and KRICT_NP4 affect E. amylovora, further research such as
transcriptomic and proteomic analysis is in progress.

Keywords: Ergot alkaloids
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Overexpression and Optimizing Production of
Leghemoglobin from Phaseolus vulgaris in
Pichia pastoris
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Leghemoglobin is not the only function to give red-tinted liquid mimicking
the ‘bleed’ from minced beef but can also impart a meat-like flavor profile
onto plant-based meat products. Phaseolus vulgaris (kidney bean)
leghemoglobin gene was introduced into yeast Pichia pastoris for sustainable
production of a heme-carrying protein, for organoleptic use in plant-based
meat. The complete cDNA encoding leghemoglobin from Phaseolus vulgaris
was synthesized by using a HT-oligo synthesizer, cloned and expressed in
the culture supernatant of Pichia pastoris under the control of the
alcohol oxidase 1 (AOX1) promoter. The coding region consisted of 441 bp
and encodes a protein of 146 amino acids. Insufficient incorporation of
heme is considered a central impeding cause in the recombinant production
of active heme proteins. In this study, we investigated the effect of the medium
supplementation, to optimize the recombinant production of the heme
protein leghemoglobin in the yeast P. pastoris. The yield of recombinant
leghemoglobin from P. pastoris was enhanced by supplementation of the
cultivation medium with hemin.
Keywords: Leghemoglobin, Pichia pastoris, Phaseolus vulgaris
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Survival of Lactic Acid Bacteria in Two In Vitro Models for
Selection of Potential Probiotic Candidates for the Oral
Cavity

Cutaneous Lymphatic Vessels Contribute to Stimulation
of Hair Follicle Growth through DL03 Secretion
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In our previous study, we found that lymphatic vessels stimulate hair follicle
growth through paracrine effects on dermal papilla cells. However, the
paracrine factors secreted from cutaneous lymphatic vessels that can activate
dermal papilla cells are still unknown. To investigate whether lymphatic
endothelial cells might secrete paracrine factors that activate dermal papilla
cells in vitro. We analyzed the transcriptomes of matched pairs of cultured
human dermal lymphatic endothelial cells and blood vascular endothelial
cells that we have previously established (GEO accession: GSE6549) for hair
cycle-related genes with higher expression in lymphatic endothelial cells.
Expression of DL03 was determined by quantitative real-time PCR, ELISA
analysis, and immunofluorescence stainings. Next, we investigated whether
the expression levels of DL03 could undergo cyclic changes during the hair
cycle. We also examined the biological effects of DL03 on dermal papilla
cells. We found that DL03 was more expressed in lymphatic endothelial cells
compared to blood vascular endothelial cells. In addition, DL03 expression
levels were significantly increased during the anagen phase in the back skin
of C57BL/6J mice, as compared with the telogen phase. We also observed
that incubation of dermal papilla cells with 200 ng/ml DL03 for 72 h induced
the expression levels of Lef-1, a downstream target of Wnt signaling. Our
results reveal that DL03, a BMP antagonist, secreted from cutaneous
lymphatic vessels may act as a paracrine factor for hair follicle growth.

Eight lactic acid bacterial (LAB) strains, Lactobacillus gasseri ST16HK,
Streptococcus salivarius ST48HK, ST59HK, ST61HK, and ST62HK,
Lactiplantibacillus plantarum ST63HK and ST66HK, and Latilactobacillus
sakei ST69HK, previously isolated from the oral cavity of a Caucasian
volunteer and identified by 16S rRNA sequencing, were evaluated for their
survival in oral artificial saliva (AOS) and stomach duodenum passage
(SSDP) in vitro models. The aim of this study was to compare the survival of
free and encapsulated cells in alginate beads, and to determine their release
under the AOS and SSDP model conditions. The survival rate of Lb. gasseri
ST16HK and Str. salivarius ST48HK under stomach conditions (1h
exposure) showed no difference compared to the initially applied number of
CFU/mL indicating the highest survival rate for these strains compared to
the other strains applied in this study. Moreover, Str. salivarius ST59HK was
not able to survive the GIT passage and showed no detectable CFU levels
after exposure to the stomach and duodenum conditions. There were no
differences in the survival rates for Lb. plantarum ST63HK, Lb. sakei
ST69HK, Str. salivarius ST61HK, and ST62HK; however, Lb. plantarum
ST66HK showed the highest survival rate, similar to results recorded for Lb.
gasseri ST16HK and Str. salivarius ST48HK. When exposed to the AOS
model, the survival rate of Lb. gasseri ST16HK, Str. salivarius ST48HK,
ST61HK, Lb. plantarum ST63HK, ST66HK, and Lb. sakei ST69HK showed
no difference between the initial number of CFU applied /mL and after 30
minutes of incubation at 37℃ in the presence of the AOS model. An
increase in the survival rate after 30 minutes at 37℃ was found for both Str.
salivarius ST59HK and ST62HK. To modulate and increase bacterial
survival during the GIT passage, the strains were encapsulated in alginate
beads and were additionally evaluated for their release and survival under
conditions mimicking the oral cavity and GIT passage. All tested strains
showed good release in both models. However, only Lb. sakei ST69HK
showed release in the oral passage which suggests that the bacteria cannot
survive and release their cells into the GIT passage when the bacteria are
capsulated. Based on their beneficial properties and survival as free and/or
encapsulated cells in alginate beads during passage of the oral cavity,
stomach and duodenum, these strains can be considered as strong probiotic
candidates with the potential of future application in support of oral health.

Keywords: Lymphatic vessels, hair follicle growth, DL03

Keywords: Oral cavity probiotics, AOS and SSDP, alginate encapsulation
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Microbial Community and Physiology of Plant Growth
Promoting Bacteria for Phytoremediation of Highly
Contaminated with Heavy Metal Soil Environments

Recovery Strategy of Harmful Cyanobacterial Species,
Microcystis aeruginosa Using DiethylenetriamineModified Cotton Adsorbent for Utilization of
Bio-Energy Resource

Min-Kyu Park1,2, Yeong-Jun Park1,2, Tae-Hyung Park1, and
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Harmful algal bloom (HAB) derived by overgrowth of harmful
cyanobacterial species Microcystis aeruginosa in water resources can cause
severe environmental problems such as contamination of water resources by
cyanotoxins secreted from the M. aeruginosa. Thus, various methods
including coagulation and sedimentation,the use of an oxidizing agent or
algicide treatment, and UV sterilization have been applied to suppress HABs
in the aqueous phases. However, these conventional methods only offer a
temporary solution and contribute to accelerate additional cyanotoxins
discharge by the cell destruction or lysis mechanisms. In addition, although
the M. aeruginosa cells can accumulate carbon-based resources such as
lipids, proteins, and carbohydrates in the cell by the photo
synthesis,
conventional methods difficult to utilize accumulated resources due to
difficulty in the separation of treated cells from aqueous phases. Therefore,
to control M. aeruginosa and utilize it as energy resources, suggestion of
new approaches that do not cause target cell destruction and can easily
separate the treated targets from solution phases is demanded. In this study,
adsorption strategy using diethylenetriamine-modified cotton fiber (DETAcotton) adsorbent was investigated to control the target M. aeruginosa cells
in aqueous phase. The fabrication factors of the DETA-cotton were
optimized to maximize the cell removal efficiency. To recover the adsorbed
M. aeruginosa cells from the DETA-cotton fiber, in consideration of the
electrostatic properties between target cells and adsorbent, desorption
process was performed through the alkaline solution treatment. Total lipid,
carbohydrate, and protein contents in the recovered M. aeruginosa cells
were measured to determine the potential for bio-energy resource. In
addition, the difference of resource contents between the treated M.
aeruginosa cells by conventional methods and adsorption strategy was
compared. Our adsorption-based approach might provide feasible solution
not only to efficiently counteract environmental issue HABs but also to
recover energy-resources from the harmful cyanobacterial species.

Over the past decades, industrialization has caused severe environmental
pollution such as air, water, and soil pollution with hazardous heavy metals.
Especially, heavy metals in coal mines showed highly contaminated
surrounding environments. This study investigated the heavy metal remedi
ation using Solanum nigrum L. with 5 isolated bacterial strains from the
Hongcheon field range. All 5 isolated strains showed a high auxin
production, including a variety of plant growth-promoting activities. Also,
whole-genome analysis demonstrates the diversity of gene contents of PGP
activities and heavy metal resistance for survival in harsh environments. We
used heavily contaminated arsenic, lead, zinc, and copper from Jangsu, the
Republic of Korea in our mesocosm test. In bacterial treated group shows a
longer length of roots and shoot of S. nigrum L. phenotype than the control
group (IAA, D.W, Media). Also, the heavy metal absorption ratio was higher
than the control group. Moreover, our investigation of microbiome analysis
shows the differences in microbial abundance and diversity between the
heavy metal contaminated group and the healthy group. In future studies, it
is thought that our research will solve the environmental pollution problem
caused by heavy metals by focusing on the treatment of S. nigrum L., which
has absorbed heavy metals.
Keywords: Phytoremediation, heavy metal, microbiome

C-3
Comparison of Adsorption Capability of Chitosan by
Molecular Weight

Keywords: Environmental problems, adsorption strategies, DETA-cotton

Jihye Lee1, Yun Hwan Park1, Sok Kim1,2*, and Yoon-E Choi1*
1

Division of Environmental Science and Ecological Engineering, Korea
University, Seoul 02841, Republic of Korea, 2OJeong Eco-Resilience
Institute, Korea University, Seoul 02841, Republic of Korea
Microcystis aeruginosa used in this study is known as the dominant species
among harmful algal blooms (HABs) causing in Korea. When cells are
destroyed, Microcystis aeruginosa elutes a large amount of microcystin, a
hepatotoxic substance that causes liver damage. To avoid this, the experiment
was conducted out by adsorbing the cells to the adsorbent rather than
removing the algae by killing the cells. The method used in this research is
electrostatic interaction between harmful algae cells and adsorbents.
Harmful algae cells have negative surface functional groups depending on
the concentration of hydrogen ions in water. So we used the positively
charged biopolymer chitosan to create the sorbents. Experiments were
conducted using chitosan for each molecular weight in order to understand
the control rate and economic viability.
Keywords: Harmful algal blooms (HABs), adsorption, chitosan
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In Silico Model of Radiation-Induced DNA Damage for
Estimating Fragmentation Pattern

Polyethylene Biodegradation by Bacillus Species from
a Landfill Site
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Ionizing radiation within the organism causes DNA damage both physically
(direct damage) and chemically (indirect damage). Variations in the damage
of DNA molecule is known to be an indicator of the biological effects of
ionizing radiation. For calculating quantities and distribution of DNA
damage type, a computational approach based on the nano-dosimetric
radiation track structure modeling in a DNA molecule is currently the most
reliable method. In this study, we proposed a damage model for estimating
fragmentation patterns and break locations of DNA molecules induced by
ionizing radiation. The proposed model was constructed based on the
Geant4-DNA code and multi-geometry formula for accurate modeling. The
resulting fragments length distribution closely reproduced experimental
data. A validation study using three types of DNA fragments was carried
out with 1 MeV monoenergetic electrons. This modeling should provide a
detailed description of the results of DNA damage and insight into
radiobiological mechanisms at a molecular scale.

Polyethylene (PE) is the most abundant synthetic polymer that has been
indispensable in all aspects of modern life because of its various applications.
The PE is extremely recalcitrant to natural biodegradation processes,
resulting in massive accumulation in the environment. Eco-friendly
decomposition of PE using microorganisms is attracting a lot of attention as
the ideal and sustainable method. We successfully screened Bacillus species
isolated from a landfill that specifically enriched in non-carbonaceous
nutrient medium, with PE as sole carbon source. Among four Bacillus
strains, the B. thuringiensis JNU01 has the highest cell growth levels in
media with PE powder, and microbe treated PE has new chemical functional
groups such as hydroxyl, carboxyl, and amide groups in the inert
hydrocarbon. The B. thuringiensis JNU01 treated PE film showed defective
external sites and relatively high hydrophilicity by SEM and Contact angle
analysis. Interestingly, various alkane derivatives as potential renewable
resources were detected by GC-MS from cell culture of B. thuringiensis
JNU01 with PE. This result shows that the B. thuringiensis JNU01
biodegrades PE and provides significant insights into the discovery of novel
functions of Bacillus species as well as their potential as PE decomposers.

Keywords: Radiation, DNA, modeling

C-5
A Tubular Soil Microbial Fuel Cell for Soil Bio-Remediation
of Recalcitrant Pollutants
1,2

Keywords: Polyethylene, biodegradation, microorganism
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[These results were supported from the C1 Gas Refinery Program funded by
the Ministry of Science and ICT (NRF- 2018M3D3A1A01056181) and the
National Research Foun
dation of Korea (Grant numbers: NRF2020R1C1C1004178), Republic of Korea.]
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Division of Biotechnology, College of Environmental and Bioresource
Sciences, Jeonbuk National University, Iksan, Jeonbuk 54596, Republic of
Korea, 2Department of Chemical Engineering and Centre for Biosensors,
Bioelectronics & Biodevices (C3Bio), University of Bath, Claverton Down,
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A soil microbial fuel cell (SMFC) is a sustainable and eco-friendly
biotechnology that realizes carbon neutrality in the next generation of soil
pollution management. In worldwide, soils polluted by human’s reckless
development have lost the ability to purify itself. To produce more oil, rigs
are draining hydrocarbon-contaminated soil, and the soil around pipes
involved in the transportation and storage of oil is increasingly polluted. In
addition, contamination by pesticides applied indiscriminately to increase
crop yields and reduce labor is still a serious problem in agricultural soil
environments. Soil pollution occurs as a non-point source of pollution, and
a large amount of contaminated soil occurs simultaneously at one point, and
purification takes a lot of time and money. Therefore, an on-site strategy is
considered more effective than an off-site strategy. The SMFC is a field
technology that can maximize the advantages of bioremediation as well as
bioenergy harvesting systems. In this study, the tubular soil microbial fuel
cell based on ceramic terracotta tube has designed to increase a reality as
in-situ soil bioremediation technology, in particularly, focused on
electrochemical performance analysis on it.
Keywords: Soil microbial fuel cell, bioremediation, soil pollution
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Remediation of Harmful Cyanobacteria Contaminated
Water Using Reusable Polyethylenimine-Modified
Polyvinyl Chloride Adsorbent

Application of Response Surface Method for Optimizing
of Culture Medium and Condition of Diazinon-Degrading
Bacteria Paenibacillus tritici PH55-1
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Diazinon is an organophosphate pesticide widely used for controlling
various pests in agricultural fields. Although this pesticide was useful in
preventing the losses of crop productivity, the remaining diazinon in crops
over the allowable amount has been becoming a serious problem. The main
objective of this study was the optimization of medium components and
growth conditions for diazinon degrading bacteria strain PH55-1 using the
response surface methodology. Based on the Placket-Burman design,
D-mannitol, defatted soy flour and molybdenum were selected as the major
components for the medium. In addition, the temperature was identified as
the main culture condition. To explore the optimal value of each factor, the
central composite experimental design was used. As a result, the optimal
concentration of D-mannitol, Defatted soy flour and molybdenum were
presented at 0.99%, 2.80% and 4 mM, as well as the optimal temperature
was suggested at 27.8℃. The maximum growth of strain PH55-1 was
predicted at 4.0×108 CFU/ml in the optimum condition, and the actual
growth rate was calculated at 4.9×108 CFU/ml. This study proposes the
enhanced culture method for the strain PH55-1 as an eco-friendly and
sustainable biodegradation method of diazinon.

Harmful algal blooms (HABs) cause severe water pollution with a
deterioration of water quality, possibly aggravated with the contamination of
associated toxic compounds, such as microcystin-LR (from the Microcystis
species) and anatoxin-a (from the Anabaena species). Therefore, various
water treatment methods have been suggested to suppress HAB. However,
conventional methods only offer a temporary solution and contribute instead
to causing additional secondary problems in the aquatic ecosystem.
Therefore, this study aimed at developing an adsorption technique that can
directly suppress HAB in freshwater without causing secondary pollution.
First, we designed a novel sorbent generated from synthetic polymer—
polyvinyl chloride (PVC). Subsequently, additional polyethyleneimine (PEI)
modifications of the functional groups on the surface of the sorbent were
introduced to enhance the capability of the PEI-PVC fiber against harmful
cyanobacteria. During the HAB controlling process with an adsorption, the
cell density, total phosphorous and microcystins (MCs) concentrations were
thoroughly measured to confirm HABs eradication property. In addition,
the desorption and re-application tests with the used PEI-PVC sorbent were
performed. The non-risk of toxic chlorine elution from PEI-PVC was also
confirmed for potential large-scale deployments of PEI-PVC. Consequently,
adsorption-based method using PEI-PVC fiber could be a novel, feasible
and eco-friendly game changer for counteracting to HABs contamination of
water resources.

Keywords: Response surface method, diazinon degrading bacteria, medium
optimization
[This study was supported by grants from Rural Development Administration
(Project No. PJ015591022022)]

Keywords: Harmful algal blooms, polyethyleneimine-modified sorbents,
adsorption
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Analysis of Polyethylene and Microbial Communities
during Long-Term Enrichment of Polyethylene Films in
Soils

Fungi as Plastic Decomposers
Myoung-Ho Joo and Mi-Kyung Lee*
Biological Resource Center, Korea Research Institute of Bioscience and
Biotechnology (KRIBB), Republic of Korea

Joon-hui Chung, Ja-Yeon Lee, Sihyun An, Da-Yeon Kim,
Hang Yeon Weon, Jehyung Yeon, and Jae-Hyung Ahn*

Agricultural plastic is widely used in agriculture to increase crop production
by conserving soil water, increasing soil temperature, and suppressing weeds.
However, which are known to have high durability to the environment and
do not easily decompose but accumulate in the soil and cause environmental
pollution. For this reason, to solve the environmental pollution caused by
agricultural plastic, a study was conducted to find fungi that biodegrade the
plastic wastes by examining the fungal community of the agricultural plastic
waste. To find the fungi capable of biodegrading plastic wastes, agricultural
plastic waste was collected from agricultural land (farmland and fallow
land) and dump-site. And then, each sample’s DNA was extracted through
Next-Generation sequencing analysis. As a result, identified the fungi of the
522 strain and each sample’s dominant species. And the presence of
collection site-specific fungi strains and common fungi strains was
confirmed. In a further study, we will analyze using the fungi isolated from
the agricultural plastic waste, the characteristics of fungi that can decompose
agricultural plastic, and the increase in plastic degradation efficiency
through the combination of fungal strains. These data will provide a new
experimental perspective on bioremediation.

Bioremediation Team, National Institute of Agricultural Sciences, Rural
Development Administration, Wanju-gun, Jeollabuk-do 55365, Republic of
Korea
Biodegradation of plastics has been recognized as the promising solution to
global plastic pollution. We enriched soils from a landfill site abandoned
over 40 years and 49 farmlands with low density polyethylene films (PE),
mulching films (BF), and greenhouse films (WF) known as the main
agricultural waste component. After 406 and 812 days, FT-IR spectra of the
polyethylene films showed surface modification such as CC double bonds,
CO single bonds or OH single bonds. The species richness and diversity of
the microbial communities on the three films were generally lower than
those in the nearby soils. Beta diversity of the microbial communities
showed the differences between PE films and soils. The relative abundances
of Aeromicrobium, and Kribbella were higher on the films than in the soils,
which are the members of the bacterial phylum Actinobacteria. The relative
abundances of Fusarium, Alternaria, and Cladosporium were higher on the
films, which are all the members of the fungal phylum Ascomycota. These
results implied that the enriched PE films with the soils imitating the natural
environment have led to the surface oxidation and induced the PE-specific
microbiome. This work was supported by the National Institute of
Agricultural Sciences (project no. PJ014974).

Keywords: Fungi, bio-degradation, plastic waste

Keywords: Polyethylene, long-term enrichment, agricultural waste

C-11
Biodegradation of Keratin through Cell Surface Display
System of Keratinase in Pichia pastoris
Jamin Shin and Soo Rin Kim*
School of Food Science and Biotechnology, Kyungpook National
University, Daegu 41566, Republic of Korea
Waste keratin from agricultural products is difficult to decompose because
it has a strong structure made of strong bonds, so causing environmental
pollution. Thus, the purpose of this study is to express keratinase capable of
degrading keratin by displaying it on the cell surface of Pichia pastoris. We
expressed an anchor protein that allows the protein to display to the plasma
membrane for displaying to the cell surface. As a result, qualitative protease
production was evaluated through the clean zone generated by
decomposition in the skim milk medium. In addition, in the qualitative
analysis, the one with the largest clean zone was selected and proteolytic
activity was measured through azo casein. The activity of strains secreting
keratinase along with cell surface display was also compared. From these
results, it can be seen that proteolytic activity appeared due to the
introduction of keratinase. In further a study, the experiment will be
conducted by checking the actual keratin decomposition ability with azure
keratin. This study suggests the possibility of reducing environmental
pollution by decomposing waste keratin through the cell surface display
system of keratinase.
Keywords: Pectinase, Pichia pastoris, cell surface display system
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A Novel Microbial-Surfactant Preparation for
the Removal of Ammonia and Hydrogen Sulfide from
Swine Manure

Microbial Biofilm and Degradation of Plastics by
Enterobacter spp. LG3 Isolated from Gut of
Tenebrio molitor
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Swine farming facilities emit large amounts of greenhouse gases, including
most nitrogen-containing compounds, sulfur-containing compounds, and
volatile fatty acid compounds. In which, ammonia and hydrogen sulfide are
the major odors found in the emissions of these farms. The aims of this
study were isolation and screening for indigenous bacteria capable of
effectively degrading odor compounds and combining them with AOS and
gelatin to develop a novel microbial preparation for minimizing these odors
in swine manure. Five strains of microorganisms derived from natural
environments (soil and pig manure) consisting of Lactobacillus plantarum,
Bacillus subtilis, Bacillus paranycoides, Saccharomyces cerevisiae, and Pichia
sorbitophila were selected based on their ability to remove ammonia and
hydrogen sulfide and the influence of carrier on their growth. The different
concentrations of the carrier were also investigated for stability tests of
microorganisms in the carrier and their effectiveness for ammonia and
hydrogen sulfide removal. The experiments were performed in a reactor
with a working volume of dimensions: length 25 cm; width 25 cm; height 10
cm. Each chamber was filled with 1 kg of pig manure, onto which the tested
preparations were sprayed. The deodorization efficiency of the preparations
was evaluated by using colorimetric Gastec tubes (Gastec, Japan). The final
formula of the preparation was established, it consisted of microbial
consortium (1:1:1:1:1) and concentrations of AOS and gelatin were 0.2%
and 0.3%, respectively, as a sorbent, and a carrier was added. The new
preparation was applied to remove ammonia and hydrogen sulfide, which
reduced the ammonia concentration in the environment by 90–100% (100%
for open reactor and 90% for closed reactor) and hydrogen sulfide by 50–
68% after 2 days of deodorization. The experiments also showed that the
preparation can be stored for at least 2 months at room (22℃) temperatures
with no decreasing microbial activity. The five strains isolated in this study
may be usefully applied in pig farms or other manure processing facilities.

Polystyrene (known as StyrofoamTM) is a polymer of styrene and one of a
major plastic that pollutes the aquatic environments. Large quantities of
polystyrene have been introduced into the environment, resulting in the
hazardous accumulation of the material in ecosystems. To solve this
problem, it is utmost importance on how to effectively treat the polystyrene
wastes. In this study, 105 strains were isolated from the gut of mealworm
(Tenebrio molitor) larvae, which is known to digest polystyrene by gut
commensal bacteria. After screening ten bacterial strains successfully
forming clear-zone on selective-media containing polystyrene meaning
biodegradable activity. 16S amplicon sequencing results suggested that
the isolated strains are closely related to Enterobacter spp. Especially, the
strain of Enterobacter spp. LG3 formed a clade that was distinct from
other Enterobacter species, which is a promising candidate novel anaerobic
polystyrene-degrading bacterium. We incubated LG3 with PS films/beads to
verify anaerobic degradation. LG3 is not only forming a biofilm on PS film
but also, change of PS beads structure was confirmed. The formation of
aromatic ester groups was observed using Vacuum Fourier transform
infrared (FTIR) imaging Microscope spectrometer. The results demonstrated
some Enterobacter spp. are able to degrade PS in anaerobic conditions.
Keywords: Tenebrio molitor, biodegradation, anaerobic plastic degradation
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Screening for Potential Biosurfactant Producing Bacteria
from Oil Contamination Soil
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In this study, soil samples were collected from oil-contaminated regions of
South Korea, China, and Vietnam for the isolation of biosurfactantproducing and oil-degrading bacteria. Bacteria were enriched and isolated
by using a six-well polycarbonate membrane and MSM medium with diesel
oil as the sole carbon source. Three screening tests were used for the
selection of biosurfactant-producing bacteria: DCPIP assay, CTAB assay,
and oil spreading assay. The results showed that forty-seven different
biosurfactant-producing strains were isolated from the collected samples.
Among them, five strains (VNH 16, VNH24, KR2, KR15, and CN14)
showed strong ability to produce biosurfactants and were selected for the
experiment of crude oil degradation. These isolated strains degraded by
80%–100% of crude oil after 4 days applied. The strains which degrade
crude oil belonged to the members of the genera Acinetobacter,
Stenotrophomonas, Cellulosimicrobium, and Pseudomonas. Further study
will include their optimal degradation conditions and their roles in oilcontaminated soil for field application.
Keywords: Bacteriascreening, biosurfactant-producing bacteria, bioremediation
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Production of a Platform Chemical, Anhydrohexitol, from
Agarose via a Chemo-Bioprocess

Development of High-Speed Waste Organic Sludge
Decomposition Technology with Reduced Odor Using
Rice Husk
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For sustainable development, the production of bio-based chemicals from
renewable biomass has been considered an alternative route to petroleumbased synthesis methods. Recently, marine algae are gaining importance
owing to their advantages over lignocellulosic feedstock. Among them, red
microalgae have potential due to their high carbohydrate contents and
simple composition. In red macroalgal carbohydrates, 3,6-anhydro-Lgalactose (AHG) is the main monomeric sugar composing agarose along
with D-galactose. However, AHG is a rare sugar, and it is chemically
unstable. Therefore, the efficient utilization of red macroalgal biomass has
been still limited to date. To overcome this problem, we introduced
biological reduction reaction to convert AHG to its sugar alcohol,
3,6-anhydro-L-galactitol (AHGol), an anhydrohexitol, a new platform
chemical that much stable than AHG. For the upgrade of AHG to AHGol,
firstly, agarose was hydrolyzed into agarobiose (AB) via a chemical
hydrolysis process. Subsequently, AB was converted to AHGol by
metabolically engineered Saccharomyces cerevisiae with high titers and
yields. Finally, the produced AHGol was further converted to another
platform chemical for plastics, isosorbide. To our knowledge, this is the first
report that a red macroalgal biomass component was upgraded to a platform
chemical via a novel chemo-bioprocess.

Due to the change in eating habits, the number of livestock breeding heads
is continuously increasing, and the amount of livestock manure emitted is
increasing as a result. Domestic complaints about odor are constantly
increasing, and in particular, the odor generated from waste organic sludge
including livestock excreta and carcasses from livestock facilities is pointed
out as the biggest cause. To solve this problem, we used rice husk, an
agricultural by-product, to improve moisture control and aeration efficiency
during decomposition of waste organic sludge, and developed a technology
to decompose sludge at high speed by utilizing useful microbial resources
including soil microorganisms existing in nature. To select microorganisms
with excellent performance in decomposing waste organic sludge and
immobilizing ammonia, the main cause of odor, we carried out screening
from various livestock sludge samples. New effective microorganisms were
selected by conducting odor reduction evaluation and sludge decomposition
evaluation based on the official test method. In the future, we intend to
optimize the microbial consortium and culture conditions in consideration
of each of these characteristics. Through this, it is expected that it will be
possible to develop an eco-friendly effective microorganisms agents to solve
the domestic odor problem and to recycle waste organic sludge.

Keywords: Anhydrohexitol, agarose, chemo-bio process

Keywords: Effective microorganisms, odor reduction, organic waste sludge
decomposition
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Effect of Stenotrophomonas sp. SRCM 116907 and
Methanol on Sewage Sludge Composting and
Ammonia Nitrogen Removal
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Myeong Seon Ryu, Su-Jin Shin, Hee-Gun Yang, and Do-Youn Jeong*
Microbial Institute for Fermentation Industry (MIFI), Sunchang 56048,
Republic of Korea
Sewage sludge has been widely used as organic fertilizer in agriculture fields
and vegetation base materials. However, sewage sludge can cause serious
malodor problems resulting from the decomposition of organic compounds
in anaerobic conditions. This study investigated reducing the odor-causing
ammonia nitrogen (NH3-N) in sewage sludge by co-application of microbes
and methanol (MeOH). The physico-chemical properties of the sewage
sludge showed that the odor was mainly caused by a higher NH3-N content
(2932.2 mg/L). Supplementation with MeOH (20%) as a carbon source in
the sewage sludge significantly reduced the NH3-N up to 34.2%.
Furthermore, the sewage sludge was treated with the NH3-N reducing and
plant growth promoting bacteria Stenotrophomonas sp. SRCM 116907. The
treatment with Stenotrophomonas sp. SRCM 116907 significantly increased
the seedling vigor index of Lolium perenne (10.3%) and Chrysanthemum
burbankii (42.4%). Additionally, the influence of the microbial community
composition by the treatment with Stenotrophomonas sp. SRCM 116907
and MeOH was determined using metagenome analysis.
Keywords: Ammonia nitrogen, sewage sludge, Stenotrophomonas sp.
[This work was supported by a grant from the Establishment of Integrated
Biobank for Agriculture, Food and Livestock Microbiome Project funded by
the Ministry of Agriculture, Food and Rural Affairs (MAFRA)]
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Bacterial Community Dynamics during Rhizoremediation
in Oil Contaminated Soil

Confirmation of Water Purification Effect and Efficiency
Comparison of Microalgal Biofilm through Biomimicry
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Seasonal dynamics of rhizoremediation performance and bacterial
community structure was characterized during rhizoremediation of oilcontaminated soil planted with tall fescue (Festuca arundinacea). The soil
was artificially contaminated with diesel oil at a total petroleum hydrocarbon
(TPH) concentration of 25,000 mg·kg-soil–1. Tall fescue seedlings were
planted in the contaminated soil and the pot experiment was conducted for
a year. The residual TPH concentration in the soil gradually decreased with
time, reaching the maximum removal of 75.6% in summer. However, the
TPH removability decreased to less than 40% after re-contamination in
winter. Indole-3-acetic acid (IAA) production, a plant growth hormone,
ranged from 37.6 to 592.8 μg-IAA·g dry soil–1. The alkB gene, which encodes
alkane monooxygenase for alkane degradation, was quantified. The alkB
gene fluctuated during the experimental period, reaching its lowest and
highest value of 1.38×103 and 1.32×104 gene copy number·g dry soil–1,
respectively. The bacterial com
munities exhibited distinct seasonal
dynamics. In the initial soil on day 0, Acinetobacter (62.5%) was remarkably
dominant in the soil community. After then, genera Sphingomonas,
Umboniibacter, and Immundisolibacter were relatively abundant in summer
and autumn, while Pseudomonas and Sphingomonas were more dominant
in winter and spring. TPH removability exhibited a positive relationship
with Immundisolibacter and Lysobacter, which are representative petroleum
hydrocarbon-degrading bacteria. These findings are useful to improve
rhizoremediation efficiency in contaminated environments.

Water purification systems using microalgae have been widely studied in the
past. These systems are considered more eco-friendly and cost-effective
than chemical treatment. However, high energy and cost are required to
collect microalgal cells after water treatment using microalgae. To address
this issue, we focused on water treatment using microalgal biofilms (MBs)
around rivers or lakes as part of biomimetics. As a result of this study, an
artificial microalgal biofilm (MAB) was created based on MB analysis from
the wild. It was also cultured in laboratory conditions to increase the activity
of wild-type MB. Total nitrogen (TN), total phosphorus (TP) removal
experiments and heavy metals (Cu, Cr, Pb, As, Zn, Cd) removal experiments
were performed using the above three types of biofilms. As a result of the
TN and TP removal experiments, MAB showed a removal rate of about 90%
similar to that of the cultured wild-type MB. In heavy metal removal
experiments, two types (MAB, wild-type MB) showed high removal rates.
However, Zn removal was not confirmed in MAB. After the experiment, the
MBs all kept their shape. The water purification system using MAB
developed through this study is effective for water purification and is
expected to be more economical in terms of harvest.

Keywords: Rhizoremediation, bacterial community, seasonal characteristics

Keywords: Microalgal biofilm, water purification, biomimicry

[This study was supported by the National research Foundation of Korea
(NRF) grant funded by the Korea government, the Ministry of Science and
ICT (MSIT) (2019R1A2C2006701).]
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A Study on the Cohesion Function of Artificial Microalgae
that Induced EPS Production

Efficient Water Purification of Microalgal Artificial Biofilm
Focusing on Cyanobacteria

Haeun Lee1 and Daegeun Kim2*
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The purpose of this study is to purify water using cyanobacteria obtained
from microalgae biofilm in a lake in Chungnam. The species name obtained
as a result of NGS analysis is Cephalothrix komarekiana sp. The advantage of
this species in water purification is that, unlike general green algae, it grows
attached to the bottom, so it is easy to harvest and has low turbidity during
culturing. As a result of the study, this cyanobacteria achieved the fastest and
greatest growth in Ohm medium 100%, temperature 30℃, light intensity
100 µmol/m2/s, and photoperiod of 12:12(dark:light). However, since it is
difficult to remove various nutrients with cyanobacteria alone, mixed
culture with other algae is required. The species selected for the mixed
culture were viscous, and as a result of the mixed culture, it was observed
that they grew up as thick microalgal artificial biofilm attached to the
bottom. In addition, it was observed that cyanobacteria have mobility, so
they move and grow together with other algae when mixed and cultured in
an agar plate with other algae.

Recently, as various environmental problems have been highlighted, the use
of microalgae is becoming more active in terms of the use and purification
of wastewater. In particular, microalgae are used as natural flocculants
because they have a useful function for adsorbing other particle materials
through the generation and emission of extracellular polymeric substances
(EPS). Accordingly, this study was conducted to induce the generation of
EPS emitted by microalgae and to confirm the aggregation reaction with
other microalgae. In order to induce EPS production of microalgae, each
microalgae was exposed to drying conditions and then soluble EPS was
extracted under various light conditions to measure the viscosity. As a result,
the high-light condition increased by 54.9% after 8 days compared to the
initial viscosity, and the low light condition increased by 54.5% after 11 days.
Subsequently, the viscosity decreased under the two conditions. Based on
this, in order to examine the effect of microalgae exposed to stress conditions
to aggregate other microalgae through EPS production, Chlorella Vulgaris
was added to microalgal artificial biofilm (MAB) left in dry conditions for 4
days. As a result, it was observed that Chlorella vulgaris containing dried
MAB formed a plate-shaped biofilm after 18 days, and Chlorella vulgaris
containing undried MAB sank to the bottom. In conclusion, the MAB that
began to generate EPS directly or indirectly affect microalgae to form
biofilm on their own. The results indicated that if the conditions in which
EPS production of microalgae are active are explored and applied to the
actual environment, it can be usefully used for purification of wastewater and
improvement of various environments such as green algae and red algae bloom.

Keywords: Mobility, attachment, water purification

C-23
Characterization of Laccase from Irpex sp. JS7 that
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C-22
Changes in Microalgal Artificial Biofilm(MAB) Growth
according to Nutritional Composition

The JS7 strain, isolated from an old forest tree, produces extracellular
enzymes that decolorize synthetic and natural melanin from human hair.
Phylogenetic analysis based on the internal transcribed spacer (ITS)
sequence indicated that JS7 belongs to the genus Irpex. The JS7 strain has
laccase activity while it lacks manganese and lignin peroxidase activity,
which suggests that the JS7 strain melanin decolorization activity originated
from laccase. Laccase production from the Irpex sp. JS7 improved three-fold
in the presence of veratryl alcohol, compared to without an inducer. The
optimum pH and temperature for melanin decolorization were 7.5 and
40℃, respectively. The crude enzyme half-life at 25℃ was about 100 days,
and it had high storage stability. The melanin decolorization reaction rate by
the crude enzyme conformed to typical enzyme kinetic principles. In the
presence of syringaldehyde as a redox mediator, the melanin decolorization
rate was 75% within five days, similar to the decolorization percentage
obtained using the enzyme alone. Based on these results, the Irpex sp. JS7
enzyme is suitable for use in melanin decolorization by whitening agents in
the cosmetics industry

Dae Geun Kim1 and Hui ju Kim2
1

LAFTRC, Jeonbuk National University, Jeollabuk-do 54596, Iksan,
Republic of Korea, 2College of Environmental and Bioresource Sciences,
Jeonbuk University, Jeollabuk-do, Iksan, Republic of Korea
In the lake of Chungnam, we obtained spherical microalgae from naturally
formed microalgal biofilm. In the previous study, we observed the growth
difference of this spherical microalgae according to the environmental
conditions, and in this study, the goal is to induce an microalgal artificial
biofilm (MAB) by utilizing the growth of the spherical microalgae. It was
confirmed that these spherical microalgae show specific growth under the
conditions of 30℃, 40 to 50 μmol m–2s–1, low nutritional condition (OHM
medium, 30 to 50%). This time, in order to clarify the cause of the difference
in growth, microalgae were cultivated with different nutritional conditions
in the 0%, 30%, 60%, and 100% sections. We also proceeded with cultures in
nitrogen, phosphorus, magnesium, and calcium-deficient media to observe
whether differences in nutritional composition affect growth. In order to
quantify these results, lipid analysis was performed by the SPV method.
Through these studies, it is expected that microalgal artificial biofilm can be
induced and contribute to water treatment technology using microalgae.

Keywords: Melanin decolorization, laccase, skin whitening

Keywords: Microalgal artificial biofilm (MAB), SPV method, microalgae
growth
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Biochemical Characterization of a Laccase with Melanin
Decolorizing Ability from Trametes velutina JS18

Aerobic Composting Process of Garbage Using
Thermophilic Geobacillus sp. JH8
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Trametes velutina JS18 secretes an extracellular laccase in GYP medium,
and this enzyme was purified using (NH4)2SO4 precipitation, Hi-trap Q
Sepharose column and gel filtration. The molecular weight of purified
enzyme was estimated to be 67 kDa using sodium dodecyl sulfate
polyacrylamide gel electrophoresis. This enzyme produced 80% of its
melanin decolorization activity within the first 24 h of evaluation in the
presence of 1-hydroxybenzotriazole (HBT), while only about 4% of the
melanin was decolorized in the absence of the mediator. The greatest
decolorization was observed at 1.5 mM/l HBT, which decolorized 81% of
the melanin within the first 24 h. The optimum pH and temperature for this
decolorization were found to be 5.0 and 37℃, respectively. The enzyme
directly decolorized malachite green, indigo carmine, trypan blue,
eriochrome black T, remazol briliant blue R at various decolorization rates of
55-95%.

A bacterium that grew under thermophilic conditions (at pH 60~75℃) was
isolated from the compost and designated as Geobacillus sp. JH8 by
physiological and biochemical characteristics. The optimum temperature
and pH for growth were at 70℃ and pH 6.5, respectively. The strain JH8 was
adapted in process of accelerated high-temperature composting of garbage.
The highest viable cell count of composting process reached to 7.8×109/ml
in 24 hours. After running times of 30 days, the composting process showed
a reduction rate of approximately 89%, and the concentrations of com
ponents were sufficiently high or low to satisfied the standard of organic
compost.
Keywords: Compost, garbage, Geobacillus

Keywords: Melanin decolorization, Trametes velutina, laccase
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Development of Flexible Liposome for Skin Permeation
Using Ergosterol Esters Containing Unsaturated Fatty
Acids

3D Electrode-Based Microfluidic Platform for Microbial
Growth Analysis
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Cholesterol (CS) contained in conventional liposomes can control drug
release as a fluidity buffer. However, as CS reduces membrane flexibility, it
lowers the permeability of the liposome to the stratum corneum layer. The
structural features of fatty acid ergosterol esters may prevent the decline in
membrane flexibility while controlling drug release. In this work, we aimed
to investigate the influence of sterol molecules on membrane properties,
which affect drug release and skin permeation. We incorporated CS,
ergosterol (ES), ergosterol oleate (EO), ergosterol linoleate (EL), and
ergosterol linolenate (ELn) into the liposomal membrane of egg phosphatidyl
choline (EPC) and soybean lecithin (SL). Although EL and ELn did not
regulate membrane fluidity as much as free sterols, they were the most
effective sterol in all views of encapsulation, storage (4℃), release (37℃),
and skin permeation of tannic acid in EPC liposome. ES reduced membrane
flexibility by more than half, and CS and ES reduced the skin permeability of
liposomes to nearly 10%, while EL and ELn almost maintained them. In the
skin permeation test, CS and ES liposomes remained in the SC layer,
whereas EL and ELn liposomes permeated to the dermis. This is the first
report to show that EL and ELn can be an alternative to cholesterol for
flexible liposome formulation.

Microalgae is emerging as a new biomass resource due to the production of
high value-added secondary metabolites. Therefore, in order to utilize
microalgae, it is essential to develop a platform of analyzing the growth of
microalgae. Droplet-based microfluidic systems enable high-throughput
analysis at the single cell level with independent droplets. In this study, we
introduce a microfluidic device with 3D electrode using liquid metal, and a
analysis platform for microalgae growth in real-tiem based on droplet. The
presented 3D electrode fabrication method does not require special
equipment for electrode generation, manufacturing costs are low and can be
simply integrated into microfluidic chips. Moreover, high sensitivity
detection is possible because the electrode is directly exposed to the channel.
Various concentration of microalgae droplets were measured to verify
higher sensitivity for microfluidic chip with 3D electrode than 2D electrode.
The 3D electrode detector developed in this research can measure cell
concentration and growth in real-time, which can contribute to improving
productivity of the high value-added material industry and ensuring new
resources.

Keywords: Fatty acid ergosterol ester, flexible liposome, skin permeation

[NRF-2018R1A6A1A03025242, NRF-2021R1A6A1A10045235,
NRF-2021R1F1A1063455, MOE- 2021003240004]

Keywords: Microfluidic, 3D electrode, liquid metal
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ScFv Antibody Induces Cell Cycle Arrest in Colorectal
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Colorectal cancer is the one of the most common malignancy cancer
worldwide. All eukaryotic cells have a cell cycle that divides and grows
through G1, S, G2, and M phases. Cell cycle is regulated by special protein
kinases, CDK-cyclin complex. Cancer has overexpression of CDKs and
cyclins and dysregulation cell cycle control. We isolated Single Chain
Variable Fragment (ScFv) antibodies which induced cells remaining G0/G1
cell cycle arrest. After 6 rounds of panning with Ki67 and BrdU, One of ScFv
candidates inhibited cell proliferation and migration on HepG2, HT29,
HCT116 and DU145 tumor cells. However, we did not observe any
significant difference on cell migration of HepG2 cells. Western blot analysis
showed ScFv1 reduced G0/G1, and G2 marker proteins (Cyclin B1, E1, and
D1). Thus, we showed that ScFv1 inhibited the proliferation of colorectal
cancer.

Recently, the subtyping of circulating tumor cells (CTCs) is important to
monitor the metastasis and prescribe the personalized anticancer drug.
Separation of CTCs using magnetic nanoparticles is very efficient, but there
is a limitation in consuming the surface markers required for subtyping. To
overcome the aforementioned limitation, we proposed a magnetic immunonanoprobe (MIN) which can be used as a magnetic probe for magnetic force
microscopy (MFM)-based CTC subtyping. Two types of MNPs, Zinc Ferrite
nanoparticles, and iron oxide nanoparticles are conjugated with each
antibody that is matched with a specific surface marker on the CTCs
membrane. MINs that are bound with surface markers make phase shift
signals on the MFM, and it can be distinguished between two subtypes of
CTC, luminal type and HER2 positive type. MFM images of MIN-treated
cells showed two different types of cancer cells. And then, we checked MINs
have low cell toxicity, by comparing them with anticancer drug-loaded
oleosome. These MINs can be used for new types of detectors for cancer
surface markers, and they can be had high accuracy for dividing each cancer
cell type.

Keywords: ScFv, cell cycle arrest, colorectal cancer

Keywords: Magnetic immuno-nanoprobe, circulating tumor cell, magnetic
force microscopy
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ScFv Inhibits Melanoma Proliferation
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Melanoma has the highest mortality rate among skin cancer types and is
classified as a lethal cancer. Furthermore, it is difficult to apply chemotherapy
because it considered intrinsically resistant to chemotherapy. However, it
has high potential to overcome by antibody therapy. In this study, we
investigated whether single chain variable fragment (ScFv) could be used to
suppress melanoma proliferation. We previously selected several ScFv
candidates that from ScFv antibody libraries. MTS assay showed that 10
ScFv candidates inhibited cell proliferation on A375SM and A375P. Next,
colony formation assay and wound healing assay showed that three
candidates of 10 ScFv candidates significantly suppressed cell colonization
and migration. Collectively, selected ScFv candidates suggests that they
could be developed for melanoma treatment.

Affibody molecules have a small molecular weight of 6.5 kDa and threehelix bundle domain framework, which spreads throughout the body when
administered to humans and are quickly removed by kidney filtration. Of
the 58 amino acids in affibody, 13 amino acids of affibody have a large
combinatorial sequence, then it has about 4×1016 or more different library. It
can be used for various applications. In this study, we are developing several
affibody reference materials such as HER2, IL-17, and IL-6 targets which
found from affibody library. Here, we described research articles, research
trends and clinical status involving with affibody. As a single affibody format
or double complex format, it is used as diagnosis and treatment for cancer or
other immune diseases. In conclusion, affibody libraries suggest that isolated
affibody plays an important role for antibody drug development.

Keywords: Melanoma, single chain variable fragment (ScFv), cell proliferation

Keywords: Affibody, reference material, various applications
[This work was supported by the Korea government (MFDS)
(22202MFDS178).]
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Therapeutic Effect of (+)-CGK012, a Novel Decursin
Derivative, on Neovascular Age-Related Macular
Degeneration through Suppression of the Wnt/β-catenin
Pathway

Elevated homocysteine (Hcy) concentration is a cardiovascular risk factor in
the general population and is associated with complications of pregnancy,
mental disorders, neural tube defects, and cognitive impairment in the
elderly. Owing to the high degree of similarity in both the structure and
chemical properties between cysteine (Cys) and Hcy under physiological
conditions, selective Hcy detection is quite difficult but important for the
early diagnosis and treatment of several related diseases. We report the effect
of pH on the supramolecular complexation of two biothiols, viz., Hcy and
Cys, with cucurbit[7]uril (CB[7]). Under basic pH conditions, Cys did not
complex with CB[7], whereas Hcy efficiently complexed with CB[7], as
confirmed by 1H NMR spectroscopy and Ellman’s reagent (5,5′-dithio-bis(2nitrobenzoic acid), DTNB) assay. 1H NMR and Raman spectroscopic
studies revealed that, in the absence of CB[7], Hcy auto-oxidized slowly
(~36 h) to homocystine (HSSH) under basic pH conditions. However, the
rate of Hcy oxidation increased by up to 150 fold in the presence of CB[7],
as suggested by the DTNB assay. Thus, supramolecular complexation under
basic pH conditions led to the formation of a HSSH-CB[7] complex, and not
Hcy-CB[7]. The results indicate that Hcy is rapidly oxidized to HSSH under
the catalysis of CB[7], which acts as a reaction chamber, in basic pH
conditions. Our studies suggest that Hcy concentration, a risk factor for
cardiovascular disease, can be selectively and more easily quantified by
supramolecular complexation with CB[7].

Subeen Shin, Tae Kyung Nam, Yeamin Han, Minji Kim, Ye Woon Oh,
Suhyeon Kim, MinSoo Park, and Sangtaek Oh*
Department of Bio and Fermentation Convergence Technology, Kookmin
University, Seoul 02707, Republic of Korea
(+)-CGK012, a novel decursin derivative, decreased the ex
pression of
angiogenic/inflammatory factors and suppressed epithelial-mesenchymal
transition in retinal pigment epithelial (RPE) cells by inhibiting the Wnt/βcatenin pathway. In addition, it repressed the expression of cyclin D1 and
c-myc, downstream target genes of β-catenin, thereby inhibiting the
proliferation of human umbilical vein endothelial cells (HUVECs). In
contrast, (–)-CGK012, enantiomer of (+)-CGK012, did not affect the levels
of β-catenin and its target genes in RPE cells and HUVECs. Topical ocular
instillation of (+)-CGK012 significantly reduced choroidal neovascu
larization area in laser-induced choroidal neovascularization rabbit model.
Notably, (+)-CGK012 administered topically was highly permeable to
choroid tissue and downregulated the levels of β-catenin and angiogenic/
inflammatory factors in vivo.
Keywords: Neovascular age-related macular degeneration, (+)-CGK012,
angiogenic/inflammatory factors
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Cultured meat, which has recently been spotlighted as the future food
industry, is being presented as a solution to a variety of environmental and
animal welfare concerns associated with the conventional livestock industry.
Furthermore, it has the advantage of being able to produce customized meat
that meets consumer preferences. The cell culture process is the most
expensive process in the production of cultured meat, and it has been
formally known that the cell culture medium accounts for the largest
proportion of the cost. Until now, there has been no customized medium
specifically designed for the production of cultured meat, so the medium
used for general animal cell culture has been used. Thus, industrialization of
cultured meat faces significant obstacles unless a food-safe and cost-effective
medium for cultured meat production is developed. To address these issues,
we have been studying MSCs (muscle satellite (stem) cells) isolated from
livestock and cultured using novel formulas and food-grade media. Muscle
myotubes are formed as a result of the proliferation and differentiation of
MSCs. We were able to achieve MSCs adhesion, proliferation, and
differentiation using a food-based medium, confirming the possibility of
replacing the existing animal cell culture medium.

Various anticancer drugs exist to treat cancer, and many studies have been
conducted in the field of drug delivery for effective treatment. In the field of
drug delivery, carriers were studied to overcome the disadvantages of
anticancer drugs such as low biocompatibility and side effects. Such a drug
delivery system was intended to overcome the problems of anticancer drugs
in the form of binding or supporting anticancer drugs, but there is
considerable difficulty in overcoming the problems of being effective in
anticancer treatment and having few side effects. Recently, research on drug
delivery systems called exosomes has been actively conducted. Exosome was
well-known extracelluar vesicle that is approximately 50–150 nm sized
particles and released by variety of cell types and consists of lipid bilayer
involving various soluble factors such as proteins, DNA, and RNA. Their
properties, low immunogenicity, high biocompatibility and stable storage
were emerged as promising drug delivery vehicles. Present study isolated
extracellular exosomes from MCF-7 cell culture media and doxorubicin, an
antitumor drug, was loaded by two types of method, incubation and
extrusion. Subsequently, we investigated specific cell selectivity between
HaCaT and MCF-7 cells. The results indicated that tumor-derived exosomes
were useful as a specific drug delivery carrier (NRF-2020R1A2C1013069).

Keywords: Cultured meat, muscle satellite cell, cell culture media

Keywords: Exosome, drug delivery, cancer cell
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Cultured meat is a type of protein food made from the harvesting and
cultivation of muscle stem cells (MSCs) from livestock. MSCs are progenitor
cells found in adult muscle and involved in muscle development and regen
eration through the expression of various muscle regulatory factors (MYF5,
MYOD, myogenin; MYOG etc). The key to cultured meat production is
isolating pure MSCs and inducing sufficient proliferation and differentiation.
In this study, a method for culturing chicken MSCs was established, and
different kinds of growth factors were used to promote the proliferation and
differentiation of MSCs. After isolating the MSCs, the purity of the cells was
confirmed using Pax7 and MYOD proteins expression. This resulted in MSCs
with a purity of 95% or higher. In addition, it was confirmed that myotubes
were formed through differentiation into muscle cells, and the expression of
MYOD, MYOG, and Myosin heavy chain 1B (MYH1B) increased with
differentiation media. Growth factors known as cell proliferation or differenti
ation promoting factors were selected and treated during the proliferation and
differentiation period to promote the proliferation and differentiation of the
obtained MSCs. As a result, the proliferation of cells to which insulin and
insulin-like growth factor 1 (IGF-1) were added to the growth medium was
increased compared to untreated cells. It was also confirmed that by adding
growth factors to the differentiation medium to induce the promotion of
MSCs into muscle cells, the expression of muscle regulators (MYOG and
MYH1B) increased in cells treated with insulin, IGF-1, dexamethasone, and a
mix (insulin+IGF-1+dexameasone). The findings of this study are considered
to be valuable as a framework for developing cultured meat.

Isocitrate dehydrogenases (IDHs) are key metabolic enzymes that play
important roles in cellular metabolism. Until now, five genes encoding
human IDHs have been identified. Human IDH1 (hIDH1), one of them,
catalyzes the oxidative decarboxylation of isocitrate to α-ketoglutarate (αKG) to produce NADPH from NADP+ in the cytosol and peroxisomes.
Mutations in hIDH1 have been discovered in multiple tumor types (e.g.
acute myeloid leukemia and melanoma). The notable features of mutant
hIDH1 are the loss of normal catalytic activity and the gain of a neomorphic
function to catalyze the NADPH-dependent reductive carboxylation of
α-KG to 2-hydroxyglutarate (2-HG), which is an oncometabolite and a
competitive inhibitor of multiple α-KG-dependent dioxygenase including
histone demethylase. Therefore, inhibition of mutant hIDH1 reduces 2-HG
production and prevents abnormal cellular metabolism. However, several
studies reported that tumor cells acquired resistance to ivosidenib which is
developed ligand as an inhibitor against hIDH1 mutants. To screen natural
and/or chemical small molecules as alternative inhibitors, we developed a
fluorometric assay system for precise measurement of wild-type and mutant
hIDH activity using recombinant enzymes. This assay can use direct
fluorescence of NADPH or enhanced fluorescence by coupling with a
metagenome-derived blue fluorescence protein mBFP. Detailed principle
and procedure will be discussed in the meeting.
Keywords: Human IDH (Isocitrate dehydrogenase), activity assay, inhibitor
screening

Keywords: Cultured meat, muscle stem cells, growth factors
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Fourier Ptychographic Microscope Image Conversion
Algorithm Using Generative Adversarial Networks

Calculation of Total Nitrogen and Total Phosphorus
Consumption Rates of Spirulina Platensis Cultures

Jong-Ha Lee, Seok-Min Hwang, and Jin-Cheol Heo

Dae Geun Kim1 and Se Hoon Oh2

Department of Biomedical Engineering, School of Medicine, Keimyung
University, Daegu, Republic of Korea

1

LAFTRC, Jeonbuk National University, Jeollabuk-do 54596, Iksan,
Republic of Korea, 2College of Environmental and Bioresource Sciences,
Jeonbuk University, Jeollabuk-do, Iksan, Republic of Korea

In this study, cell images are got through digital staining in cells that do not
have H&E staining. Research methods use H&E staining cells and nonstaining cells. Mat data can be extracted through FPM to get a phase image
and an amplitude image. The phase image is converted to an amplitude
image using the GAN model. Through a total of 100 images and 100 epochs,
we created an amplitude image similar to the actual amplitude image. As a
result, the loss value was 1.2e-1, confirmed that it was similar.

Spirulina platensis is the most widely used useful microalgae for animal and
human nutrition, mainly due to its high protein content of 55-65% by dry
weight. Accordingly, many studies have been conducted on the optimal
conditions for mass culture and growth of S. platensis. Although various
studies have been made on the culture of S. platensis, there is still a lack of
research on the optimization of production costs such as culture medium.
Therefore, in this study, a study was conducted to maximize the utilization
of nutrients by using the commonly used Zarrouk culture medium. In a
previous study, it was observed that Zarrouk culture medium had a large
amount of remaining total nitrogen (TN) and total phosphorus (TP) when
2 g/L of the target S. platensis biomass was taken. The greater the remaining
TN and TP, the higher the cost of preparing the medium and the subsequent
contamination of its processing. To address this, it is important to know the
nitrogen and phosphorus consumption rates of S. platensis as it grows. To
this end, we proceeded with culturing by varying the amounts of initial TN
and TP into 15%, 30%, 45%, 60%, 75%, and 90% sections based on the
existing Zarrouk culture medium. All cultures were carried out in a 3L
plastic bag reactor. As a result, the nitrogen, phosphorus, and carbon ratios
at which nutrients are optimally consumed in culturing S. platensis were
confirmed. Through this study, economic effects of cost reduction can be
expected when culturing S. platensis for industrial purposes in large
quantities.

Keywords: GAN, AI, H&E

D-15
Regulation of Nicotinic Acetylcholine Receptors Involved
in Anxiolytic Mechanisms of Jujube Seed
Junho Lee and Shinhui Lee
Department of Biotechnology, Chonnam National University, Gwangju
61186, Republic of Korea

Keywords: Spirulina platensis, total nitrogen and total phosphorus, operation
cost

Zizyphus seeds that have been long used as thera-peutic agents for sleeprelated issues in Asia. BA is a pentacyclic triterpenoid. It also possesses
various anti-cancer and anti-inflammatory effects. In this study, we utilized
BA as an antagonist of α3β4 nicotinic acetylcholine receptors (α3β4 nAChRs)
known to regulate rapid-eye-movement (REM) sleep and wakefulness.
Effects of BA on α3β4 nAChRs were concentration-dependent, reversible,
voltage-independent, and non-competitive. Site-directed mutagenesis and
molecular-docking studies confirmed the binding of BA at the molecular
level and showed that the α3 subunit L257 and the β4 subunit I263 residues
affected BA binding. These data demonstrate that BA can bind to a binding
site different from the site for the receptor’s ligand, acetylcholine (ACh).
This suggests that BA may be an effective antagonist that is unaffected by
large amounts of ACh released during wakefulness and REM sleep. Based
on the above experimental results, BA is likely to be a therapeutically useful
sleep aid and sedative.
Keywords: Insomnia
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Inhibitory Effects of Kimchi Active Components on
Hepatic Steatosis in Endoplasmic Reticulum StressInduced C57Bl/6N Mice

Analysis of Anti-Inflammatory Effect of Silkworm Pupae
under Various Extraction Conditions

Ye-Rang Yun and Ji-Eun Lee

Department of Agricultural Biology, National Institute of Agricultural
Sciences, Rural Development Administration, Republic of Korea

Ji Hae Lee, Kamidi Rahul, and HaeYong Kweon

World Institute of Kimchi, Gwangju 61755, Republic of Korea

Silkworm pupa is an edible insect containing high protein and unsaturated
fatty acids. In this study, five types of extracts (DW, 30-100% ethanol) were
prepared using four silkworm varieties. Then, anti-inflammatory effects of
each extract were compared. The concentrations of NO and IL6 decreased
by 20 and 13% in 100% ethanol extracts compared to the LPS-treated group,
respectively. Analysis according to the variety, pupae stage, and sex showed
highest effect on NO removal at Baegokjam, early stage, and female group.
In the FT-IR analysis, component according to the extraction solvent were
compared and the 100% ethanol extract had lowest protein content while a
clear peak was appeared at the fatty acid ester wavelength (1750 nm). In the
silkworm pupae, linolenic acid and oleic acid account for 70% of the fatty
acid, and the high concentration of unsaturated fatty acid showed antiinflammatory effect. In conclusion, 100% ethanolic extract of silkworm
pupa especially early pupation stage and female are the suitable material for
inhibiting inflammation.

Endoplasmic reticulum (ER) stress is closelyassociated with non-alcoholic
fatty liver disease (NAFLD). Previously, we revealedthat kimchi active
component inhibited the hepatic steatosis in ERstress-induced HepG2 cells
via LXRα/AMPK pathway. In this study, we investigated the inhibitory
effects of kimchiactive components, on tunicamycin-inducedhepatic steatosis
in C57BL/6N mice. The inhibitory effects of alliin, capsaicin, andgingerol on
serum lipids, hepatic lipids, ER stress, lipogenesis, andinflammation-related
gene expression were examined in tunicamycin-inducedhepatic steatosis
in C57BL/6N mice. Alliin, capsaicin, andgingerol decreased serum lipid,
hepatic lipid, ER stress markers, lipogenesismarkers, and inflammation
markers expression in tunicamycin-induced micewithout hepatic toxicity.
Kimchi active components also inhibited lipidaccumulation in tunicamycininduced mice. Taken together, kimchi active components prevented lipid
accumulation and hepatic steatosis in ERstress-induced mice. These compon
ents could be used to treat ER stress-induceddiseases and could have
potential for drug development.

Keywords: Silkworm, pupa, anti-inflammation

Keywords: Endoplasmic reticulum stress, kimchi active component, nonalcoholic fatty liver disease
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A Study on an Algorithm for Predicting In Vivo
Vitamin D through Skin Biosignals

Kampo Medicine: Evaluation of the Pharmacological
Activity of Herbal Drugs on 5-HT3A Receptors

Jong-Ha Lee1, Jin-Chul Heo1, Doyoon Kim2, Hyunsoo An2,
Chang-Sik Son3, and Sangwoo Cho1

Junho Lee
Department of Biotechnology, Chonnam National University,
Gwangju 61186, Republic of Korea

1

Department of Biomedical Engineering, School of Medicine, Keimyung
University, Daegu 42601, Republic of Korea, 2Samsung Research,
Samsung Electronics, Suwon 16677, Republic of Korea, 3Division of
Intelligent Robot, Daegu Gyeongbuk Institute of Science and Technology,
Daegu 42988, Republic of Korea

Recently, it has been found that 5-HT is involved in cognitive and memory
functions through interaction with cholinergic pathways. The natural
flavonoid extracted from Cudrania tricuspidata is a secondary metabolite of
the plant. Recently studies have confirmed that KAE possesses a
neuroprotective effect because of its strong antioxidant activity. It has been
con-firmed that KAE is involved in the serotonergic pathway through an in
vivo test. However, these results need to be confirmed at the molecular level,
because the exact mechanism that is involved in such effects of KAE has not
yet been elucidated. Therefore, the objective of this study is to confirm the
interaction of KAE with 5-HT3A through electrophysiological studies at the
mo-lecular level using KAE extracted from Cudrania tricuspidata. This
study confirmed the interaction between 5-HT3A and KAE at the molecular
level. KAE inhibited 5-HT3A receptors in a concentration-dependent and
voltage-independent manner. Site-directed mutagenesis and molecular
docking studies confirmed that the binding sites D177 and F199 are the
major binding sites of human 5-HT3A receptors

The deficiency and excess of Vitamin D cause various diseases, necessitating
continuous management; but it is not easy to accurately measure the serum
vitamin D level in the body using a non-invasive method. The aim of this
study is to investigate the correlation between vitamin D levels, body
information obtained by an InBody scan, and blood parameters obtained
during health checkups, to determine the optimum frequency of vitamin D
quantification in the skin and to propose a vitamin D measurement method
based on impedance. We assessed body composition, arm impedance, and
blood vitamin D concentrations to determine the correlation between each
element using multiple machine learning analyses and an algorithm which
predicted the concentration of vitamin D in the body using the impedance
value developed. Body fat percentage obtained from the InBody device and
blood parameters albumin and lactate dehydrogenase correlated with
vitamin D level. An impedance measurement frequency of 21.1 Hz was
reflected in the blood vitamin D concentration at optimum levels, and a
confidence level of about 75% for vitamin D in the body was confirmed.
These data demonstrate that the concentration of vitamin D in the body can
be predicted using impedance measurement values. This method can be
used for predicting and monitoring vitamin D-related diseases and may be
incorporated in wearable health measurement devices.

Keywords: Kaempferol

Keywords: Biosignal, impedance, vitamin D
[This research was funded by the Ministry of Public Administration and
Security (20010305).]
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Anti-Inflammatory Effects of Probiotic Strain Lactic Acid
Bacteria in LPS-Stimulated RAW 264.7 Macrophages

The Possibility of Red Ginseng as a Prebiotics on
Lactobacillus Species

Yu Jin Choi1, Da Hye Song1, Seung Bin Im2, and Young Woo Koh2

Jun Ho Heo and Young Hoon Jung*
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School of Food Science and Biotechnology, Kyungpook National
University, Daegu 41566, Republic of Korea

Imsil Cheese & Food Research Institute, 50 Doin 2-gil,
Seongsu-myeon, Imsil-gun, Jeollabuk-do 55918, Republic of Korea,
2
Jangheung Research Institute for Mushroom Industry, 288, Woodland-gil,
Anyang-myun, Jangheung-gun, Jeollanam-do 59338, Republic of Korea

Red ginseng is known as a health functional food that helps improve
immunity by producing unique ingredients such as ginsenosides. This study
attempted to confirm the potential of red ginseng as a nutrition source for
Lactobacillus species. Red ginseng powder, red ginseng polysaccharide
powder, and red ginseng dietary fiber powder were added to MRS broth
with various concentration (0-2%). Among different strains and different
red ginseng-derived materials for 24 hours cultivation, the enhancement in
growth of Lactobacillus plantarum KCTC 3108 with 2% red ginseng powder
showed highest of which amount is about 2.9 times compared to control. L.
plantarum KCTC 3108 with 0.5% red ginseng polysaccharide powder gave
about 1.39 fold-increase in short chain fatty acids production and
Lactobacillus acidophilus KCTC 3169 with 1-2% of red ginseng dietary fiber
powder could additionally utilize the ribose, arabinose, mannitol, sorbitol,
trehalose, inulin, raffinose, and amidon when measured by API 20 Strep. As
a result, overall red ginseng derived-materials might be used as a prebiotic
ingredient.

Probiotic bacteria can interact with the gut microbiome to strengthen the
immune system, principally due to their role in immune system modulation
and the anti-inflammatory response. Thus, the present study aimed to
investigate the anti-inflammatory effects of Lactobacillus plantarum
ICFPL-001 isolated from Kimchi using RAW 264.7 cells treated with
lipopolysaccharide (LPS). Our results showed that treatment with heatkilled ICFPL-001 decreased nitric oxide and prostaglandin E2 production
via downregulation of the inducible nitric oxide synthase (iNOS) and
cyclooxygenase-2 (COX-2). In addition, treatment with heat-killed ICFPL-001
suppressed the expression of pro-inflammatory cytokines, interleukin-1β
(IL-1β), IL-6, and tumor necrosis factor-α (TNF-α). Therefore, these data
suggest that ICFPL-001 possesses immune response potential and provide a
molecular basis regarding the development of functional probiotic products.
Keywords: Lactic acid bacteria, anti-inflammatory, probiotic

Keywords: Red ginseng, Lactobacillus species

[This study was carried out with the support of ‘R&D Program for Forest
Science Technology (Project No. 2020198A00-2222-BA01)’ provided by
Korea Forest Service (Korea Forestry Promotion Institute).]
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Characterization of Lactobacillus sp. SSD-9 Isolated from
Sorbaria Flower

Characterization of Leuconostoc mesenteroides DB3
Isolated from Camellia Flower

Da Som Kim and Won-Jae Chi*

Da Som Kim and Won-Jae Chi*

Microorganism Resources Division, National Institute of Biological
Resources, Republic of Korea

Microorganism Resources Division, National Institute of Biological
Resources, Republic of Korea

Lactic acid bacteria (LAB) can be found in a variety of environments
including fermented food, dairy products, gastroinstetinal tracts of human
and animals, plants, and soils. Fourteen strains of lactic acid bacteria (LAB)
were isolated from a Sorbaria flower collected from Namyangju-si of
Gyeonggi-do. From these strains, SSD-9 was selected as a good potential
LAB probiotic by tests including antagonistic activity (against E. coli,
Salmonella Typhimurium, Bacillus cereus, Staphylococcus aureus, Candida
albicansa, and Clavibacter michiganensis), tolerance to acid and bile salt,
and adhesion on mucin protein. The strain exhibited high levels of 16S
rRNA gene sequence similarity to strains belong to the genus Lactobacillus.
The strain showed survivability with viable counts of 4.3 Log CFU/mL
(Initial value=5.0) in pH 3.0 for 48 h. The isolate also showed significant
resistance to 1.2% bile salt acid after 24 h of exposure. Therefore, we suggested
that the SSD-9 originated from plant is a good probiotic candidate which
can be applied in the filed for animal’s probiotics.

Lactic acid bacteria (LAB) can be found in a variety of environments
including fermented food, dairy products, and gastroinstetinal tracts of
human and animals. In total, twenty four isolates of Leuconostoc were
isolated from a Camellia flower collected from Yeonggwang-gun of Jellanamdo Province. Based on the result of tests for potetial probiotics properties
including antagonistic activity (against E. coli, Salmonella Typhimurium,
Bacillus cereus, Staphylococcus aureus, and Candida albicans), tolerance to
acid and bile salt, and adhesion on mucin protein, strain DB3 was selected
as a good probiotic candidate. The strain DB3 showed survivability with
viable counts of 7.7 Log CFU/mL (Initial value=10.0) in pH 2.5. The isolate
also showed significant resistance to bile salt acid with viable counts of 9.2
Log CFU/mL (Initial value=9.7). The plant origin LAB strain, DB3 is a
potential probiotic candidate which can be applied in the filed for animal’s
probiotics.
Keywords: Lactic acid bacteria, Leuconostoc mesenteroides, camellia flower

Keywords: Lactic acid bacteria, Lactobacillus, sorbaria flower

[This work was supported by a grant from the National Institute of Biological
Resources (NIBR), funded by the Ministry of Environment (MOE) of the
Republic of Korea (NIBR202203112)]

[This work was supported by a grant from the National Institute of Biological
Resources (NIBR), funded by the Ministry of Environment (MOE) of the
Republic of Korea (NIBR202203112)]
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Responsive Bio-Films Using Modified Cellulose
Nanocrystal

Improvable Effects of Nutrients Composition and
Biological Activity according to Fermentation by Fungi

Ga Young Kim and Young Hoon Jung*

Kyoungsun Seo, Kyungje Kim, Seongwoo Jin, Youngwoo Koh,
Seungbin Im, Heegyeong Jeong, and Neuli Ha*

School of Food Science and Biotechnology, Kyungpook National
University, Daegu 41566, Republic of Korea

Jangheung Research Institute for Mushroom Industry, Jangheung 59338,
Republic of Korea

There has been a clear trend towards the use of bio-based materials in various
fields. In this study, reactive films were prepared using cellulose nanocrystal
(CNC) obtained from cellulose after~pretreatment, and bromocresol purple
(BCP), which is a typical natural ingredient sensitive to pH. The activated
BCP with esterified CNC at 10-15% was incorporated into cellulose acetated
and their fundamental properties as a biodegradable film were observed
such as ammonia sensitivity and color value. Furthermore, the response on
different storage period as meat spoilage indicator was monitored with pH,
total psychrophiles count (TPC), and total volatile basic nitrogen (TVB-n).
In the ammonia test, the film with 15% a-BCP/e-CNC is more sensitive and
darkness. During the storage of fresh pork meat for 9 days at 2℃, the color
of the film attached to the headspace of the minced pork was changed from
yellow to dark brown. Accordingly, both pH and TPC increased from 6 to 8
and 5 log10 CFU/g to 11 log10 CFU/g, respectively. Also, TVB-n reached 17
mg/100 g on the 9th day. As a result, the CNC based biomaterial film showed
its applicability as an intelligent sensor.

The hypothesis that there are 1.5 million fungal species on Earth. But, only
about 70,000 of fungal species are described and this implies that 1.43
million remain undescribed. The fungi include yeast, filamentous fungi,
macro fungi. Among those, macro fungi (mushroom) were well known for
blood pressure control and cholesterol lowering effect. Recently, research
the reduction of irritation and the enhancement of function have been
cultivation of natural resources using mushroom mycelium. In this study,
two materials which Polygonum multiflorum root and extraction of Coix
lacryma-jobi L. var. may-uen fermented by macro fungi. P. multiflorum root
was fermented by Lentinula edodes mycelia and extraction of C. lacrymajobi was fermented by Hericium erinaceum (Bull.: Fr.) mycelia. And we
analyzed proximate composition, total amino acid, tyrosinase inhibition
activity, and melanogenesis inhibition activity according to fermentation. As
a result, the crude protein content did not show a significant difference
between control and fermented P. multiflorum root, crude fat, ash and crude
fiber content of fermented P. multiflorum root were lower than control. The
major amino acids of P. multiflorum root were determined the arginine. In
fermented P. multiflorum root, and the major amino acids were determined
the arginine and threonine. Tyrosinase inhibition activity, and melanogenesis
inhibition activity results shows fermented extraction of C. lacryma-jobi was
higher than un-fermented extraction of C. lacryma-jobi. In short, the fungi
fermentation process is expected to develop the functional product industry
and beauty product industry.

Keywords: pH sensor, bio-film, bromocresol purple

F-8
Effect of Fermented Codonopsis lanceolata Extract by
Lactobacillus brevis on Liver Protection
Kyoungsun Seo1, Seungbae Park1, Kyungje Kim1, Seongwoo Jin1,
Seungbin Im1, Neuli Ha1, Heegyeong Jeong1, Kyeong Won Yun2,
Yu Jin Choi3, Da Hye Song3, and Youngwoo Koh1*

Keywords: Fungi, fermentation, macro fungi
[This work was supported by the Ministry of Trade, Industry & Energy
(B0070527000089)].
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Engineer, Imsil Cheese & Food Research Institute, Republic of Korea
Alcoholic liver diseases caused by excessive drinking include fatty liver,
alcoholic hepatitis, and alcoholic cirrhosis, and mental stress and smoking
increase liver damage, causing the body to fail to defend and detoxify the
immune system and cause other diseases. The main compound of C.
lanceolata include sterol, N-formylharman, perolyne, norharman, squalene,
cyloartenol, terpenoid components, saponin. C. lanceolata has been widely
used as a oriental medicine and food source because it has greate potentials for
nutrition and cure. Advanced research has been conducted to ferment herbal
medicines such as herbal medicines to enhance useful ingredients and
increase medicinal properties and absorption amounts. In this study,
fermented C. lanceolata extract by Lactobacillus brevis, and this fermentation
solution was treated on liver cells damaged by acetaminophen to investigate
whether liver protection function was improved. The survival rates of
hepatocytes that caused hepatotoxicity with 10 mM acetaminophen and
simultaneously treated with 10 μg/mL of C. lanceolata extract and C.
lanceolata extract fermented with L. brevis were measured to be 127.3% and
135.2%. Hepatotoxicity was caused by 10 mM acetaminophen, and the
secreted lactate dehydrogenase (LDH) and espartate transaminase (AST)
were measured and increased compared to the untreated group. In the case of
LDH, the C. lanceolata extract fermented with 10 μg/mL L. brevis was
measured to be 11.3 ng/mL. In the case of ALT, the secretion of ALT decreased
by 5.1 ng/mL when fermented with L. brevis rather than C. lanceolata extract.
Keywords: Codonopsis lanceolate, Lactobacillus brevis, liver protection
[This study was carried out with the support of ‘R&D Program for Forest
Science Technology (Project No. 2020198A00-2122-BA01)’ provied by
Korea Forest Servic (Korea Forestry Promotion Institute)]
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Establishment of Support System for Commercialization
of Eumycetes Resource

Anti-Inflammatory Effect and Probiotic Properties of
Lactiplantibacillus plantarum Derived from Kimchi
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National University, Suncheon 57922, Republic of Korea

44 strains of lactic acid bacteria, which were isolated from various kimchi
were evaluated for their probiotic potential along with anti-inflammatory
activity. The selected strain was identified as Lactiplantibacillus plantarum
WK44 by 16s rRNA gene sequence analysis. Lpb. plantarum WK44 in both
pH3 media containing pepsin, and 0.3% bile salt oxgall was showed a higher
cell viability. It showed the highest thermotolerance. Moreover, it significantly
decreased pro-inflammatory cytokines (IL-1β, IL-6, and TNF-α) and
increased anti-inflammatory cytokines (IL-4, IL-10, IFN-γ) expression in
LPS-stimulated Caco-2 cells. Further, functional properties of Lpb.
plantarum WK44 showed considerably higher anti-oxidation (DPPH and
ABTS radical scavenging activity). Lpb. plantarum WK44 was confirmed as
safe bioresource because of its non-hemolysis activity, and non-production
of harmful β-glucosidase and β-glucuronidase. Sensitivity to antibiotics was
measured by wall diffusion assay, and Lpb. plantarum WK44 showed
intermediate sensitivity to teyracycline and clindamycine. Favorable
probiotic properties of L. plantarum WK44 along with anti-inflammatory
activity imply its potential for clinical or technological applications.

The bio industry related to the microorganisms is recognized as a solution
to various problems such as disease, food, environment, and energy. Eumycetes
are an essential resources of the high value-added bio industry in preparation
for the future economy. Eumycetes include fungi, yeasts, and mushrooms,
with 72,000 species reported worldwide. According to the World Data
Center for Microorganisms data of the World Federation of Culture
Collections, Korea has the fifth largest microbial strain in the world after the
USA, Japan, India and China, and has excellent ability to discover new
microorganisms. However, as more than 70% of biological genetic resources
are imported due to cross-contamination, efforts are needed to secure
biological sovereignty in response to ABS. In order to solve these problems,
by establishing the Professional control institute - ‘Commercialization
Support Center for Eumycetes Based Bio-Health Materials’. And we intend
to establish a domestic eumycetes resource discovery and preservation
system, and to lay the foundation for industrialization of microbial
resources. Through the development of high value-added products using
eumycetes, such as health functional foods, raw food materials, and bioactive materials, we aim to secure competitiveness and promote sustainable
growth of SMEs.

Keywords: Kimchi, probiotic properties, anti-inflammatory activity
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Characteristics of Yakju Supplemented with Jerusalem
artichoke Using by Co-Fermentation with InulinDegrading Yeast Wickerhamomyces anomalus and
Saccharomyces cerevisiae

[This work was supported by the Ministry of Trade, Industry & Energy
(B0070527000089).]

Jun-Su Choi1, Kyu-Taek Choi1, Sae-Byuk Lee1,2, Chan-Woo Kim1, and
Heui-Dong Park1,2*
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School of Food Science and Biotechnology, Kyungpook National
University, Daegu 41566, Republic of Korea, 2Institute of Fermentation
Biotechnology, Kyungpook National University, Daegu 41566,
Republic of Korea
Jerusalem artichoke (JA) has been recognized as a promising functional
food since it consists of inulin and fructo-oligosaccharide indigestible
carbohydrates in human. However, there is no study about Yakju using JA
since Saccharomyces cerevisiae cannot utilize inulin. In this study, we
isolated several inulin-degrading non-Saccharomyces yeasts from Nuruk
and selected Wickerhamomyces anomalus JS01 that showed the highest
inulinase activity among the isolates after 72 hours of incubation. To
investigate whether the inulin-degrading non-Saccharomyces yeast can
improve the quality of Yakju, W. anomalus JS01 and S. cerevisiae KMBL7001
were co-fermented for the production of Yakju supplemented with JA, and
its fermentation characteristics were analyzed. Yakju co-fermented with W.
anomalus JS01 and S. cerevisiae KMBL7001 (co-fermented Yakju) showed
similar fermentation characteristics including pH, reducing sugar, alcohol,
and organic acid contents compared to Yakju fermented with S. cerevisiae
KMBL7001 (control Yakju) when fermentation was completed. Notably, we
confirmed that W. anomalus JS01 digested some of inulin into fructose and
fermented it, whereas control wine did not ferment inulin during fer
mentation. Furthermore, co-fermented Yakju obtained higher scores in all
the sensory categories in a sensory evaluation, suggesting that supplementing
JA and utilizing inulin-degrading yeast could improve Yakju quality.
Keywords: Yakju, Jerusalem artichoke, co-fermentation
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Enhancement of Anti-Inflammatory and AntiOsteoporosis Effects of Fermented Abelmoschus Manihot
L. by Bacillus licheniformis CP6

Development of Air-Blast Dried Lactic Acid Bacteria
Starter for Makgeolli Brewing
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Hae Rang Lee1, Seong-Bo Kim2, Yong-Jik Lee3, Dong-Woo Lee4,
Sang-Jae Lee1, and Mi-Hwa Park5*
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Bio-Living Engineering Major, Global Leaders College, Yonsei University,
Seoul 03722, Republic of Korea, 3Department of Bio-cosmetics, Seowon
University, Chung-Ju 28674, Republic of Korea, 4Department of
Biotechnology, Yonsei University, Seoul 03722, Republic of Korea,
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Departrment of Food and Nutrition, Silla University, Busan 46958,
Republic of Korea

Makgeolli is mad by a complicated interaction combination various
microorganisms such as yeast, fungi, and lactic acid bacteria (LAB), that
typically affect the quality of the final product. Among them, LAB has been
reported to play an important role in the production of organic acids and
various flavors in Makgeolli. Despite the importance of LAB in Makgeolli,
research on LAB in Makgeolli is relatively lacking compared to that of yeasts.
Previously, we isolated several Lactobacillus plantarum strains, one of wellknown LAB in Makgeolli, from kimchi and wine, and investigated them as
a wine starter using freeze-drying technology. However, since freeze-drying
method is expensive for commercial use, air-blast drying technology is
considered a promising alternative drying technology. Here, we investigated
LAB starter using air-blast drying technique, and established optimal
conditions to improve the survival rate of LAB. Experiments were conducted
alongside the optimization of protectant and rehydration conditions using
three types of sugars (sorbitol, trehalose, glucose) and three types of
rehydration solutions (distilled water, 1x phosphate buffered saline, 0.85%
NaCl) to enhance the viability and storability of air-blast dried LAB cells.
This study is expected to be used as a basic research for the production of
LAB-added Makgeolli. and to increase economic feasibility of LAB starter
production in the Makgeolli industry.

A Abelmoschus Manihot L. (AM) was fermented by Bacillus licheniformis
CP6 at 37℃ for 1days (CP6-1D). And we investigated the anti-inflammatory
effects on lipopolysaccharide (LPS)-stimulated RAW 264.7 macrophages
and the effects on osteoblast differentiation in MC3T3-E1 cells. According
to our findings, the CP6-1D suppressed reactive oxygen species (ROS), and
the expression of iNOS and COX-2. Also, CP6-1D showed inhibitory effect
on the production of pro-inflammatory cytokines such as IL-6, IL-1β and
TNF-α. Moreover, nuclear translocation of NF-κB and phosphorylation of
MAP kinase were strongly suppressed by CP6-1D in LPS-stimulated RAW
264.7 cells. Furthermore, CP6-1D increased cell proliferation in MC3T3-E1
osteoblasts. Compared to incubated AM treatment, CP6-1D markedly
promoted alkaline phosphatase activity and mineralization. Alizarin Red S
staining demonstrated that CP6-1D treatment tended to increase extracellular
matrix calcium accumulation. Taken together, our data suggests that
fermentation may be a useful strategy for improving the biological properties
of raw materials including their anti-inflammatory and anti-osteoporosis
properties. Thus, CP6-1D is suggested to be a preventive medicinal food
against inflammatory bone disorders.

Keywords: Lactic acid bacteria, air-blast drying, survival rate

Keywords: Anti-inflammatory, anti-osteoporosis, medicinal food

F-15
Screening of tkt-Deficient Bacillus subtilis Mutant with
High-D-Ribose Producing Activity
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Youngkwang Lee, Suwan Park*, Yonguk Cho*, Hoon Hwangbo*, and
Yong-Cheol Park*

Screening of Recombinant Saccharomyces cerevisiae
Able to Grow Fast in Red Algal Hydrolyzates and Produce
(−)-α-Bisabolol

Department of Bio and Fermentation Convergence Technology, Kookmin
University, Seoul 02707, Republic of Korea

Moongyu Cho, Min-seon Park*, Yun-bin Cho*, Min-geun Shin*,
Yong-ha Seo*, and Yong-Cheol Park*

In our previous study, metabolic engineering technology was applied to
allow recombinant Saccharomyces cerevisiae able to convert galactose to
(–)-α-bisabolol, a sesquiterpene with whitening effect. To use red algal
hydrolysates of Gelidium amansii as carbon source, in this study, the (–)-αbisabolol-producing recombinant S. cerevisiae was genetically-engineered
by adaptive laboratory evolution and chemical mutation with N-methyl-N’nitro-N-nitrosoguanidine (NTG). By a series of adaption and mutation, a
mutant was screened able to grow faster than the mother strain on the red
algal hydrolyzates. Finally, the mutant consumed galactose faster and
produced (–)-α-bisabolol at a higher final concentration than the mother
strain in a batch culture with 500 g/L of the red algal hydrolyzates.

D-ribose is a pentose sugar found in all organisms as a component of ATP,
DNA, RNA, NAD(P), and so on. Due to the disadvantage of low yield and
high production cost of chemical synthesis, D-ribose have been mainly
produced by fermentation of Bacillus strains deficient in the tkt gene coding
for transketolase. In our previous studies, the B. subtilis PLK1B strain was
developed to be able to produce a large amount of D-ribose in the culture
broth. For rapid sugar consumption and further improvement of D-ribose
production, in this study, chemical random mutation with N-methyl-N’nitro-N-nitrosoguanidine (NTG) and screening of new B. subtilis mutants
with higher rate of D-glucose consumption and producing larger amount of
D-ribose than B. subtilis PLK1B were undertaken. By a series of mutations
and screening against high sugar content, a new mutant named B. subtilis
PLK1BH was constructed. Finally, a batch culture of B. subtilis PLK1BH
with 60 g/L glucose resulted in a 2.7 times higher productivity and an 1.6
times higher yield of D-ribose than those for B. subtilis PLK1B.

Keywords: Saccharomyces cerevisiae, laboratory evolution, fermentation

Keywords: D-ribose, NTG mutagenesis, Bacillus subtilis
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Selection and Characterization of Lacticaseibacillus and
Bacillus Strains Derived from Kimchi as Starter Cultures
for Bioconversion Fermentation

Co-Production of Bioethanol and Biomass-Incorporated
Chitosan Film Using Rice Husk

In Kyung Hyun1, Ho Jae Lee1, Dong Sub Kim2, Nak-Yun Sung2, and
Sung Wook Hong1*

School of Food Science and Biotechnology, Kyungpook National
University, Daegu 41566, Republic of Korea

Hye Jee Kang, Yeon Ju Lee, and Young Hoon Jung*
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Rice husk is one of the most utilizable byproduct obtained from rice
industry, and contains about 30.88% cellulose, 16.35% hemicellulose, and
26.24% lignin. Previously, we reported the production of bioethanol from
rice husk through pretreatment, enzymatic saccharification, and fermen
tation. At optimized pretreatment conditions such as 1% sulfuric acid at
190℃ for less than 60 min, rice husk with 10% solid loading gave about
6 g/L xylose in liquid fraction and 32 g/L glucose in solid fraction after
enzymatic hydrolysis using 20 FPU of CTec2/g substrate. Then, about 5 g/L
of ethanol was obtained through the fermentation process by Saccharomyces
cerevisiae D5A. However, there were still considerable amounts of residual
solid fraction after fermentation. Thus, in this study, the residual solid
fraction was further treated and the feasibility of using additives into
biomaterial film was investigated. After mechanical blending for 240 min,
lignocellulosic nanofibers (LCNF) were extracted and the fibers were added
into chitosan film. The chitosan/LCNF composite showed improvement in
the optical properties (about 20 fold-increase of opacity) and young’s
modulus (about 3 fold-increase).

2

Inositol is carbocyclic sugar abundant in foods such as fruits, grains, and
nuts. D-chiro-inositol, the isomer of inositol, is a signaling molecule that
modulates insulin action. Studies have documented that inositol in the ice
plant (Mesembryanthemum crystallinum) is effective in the treatment of
diabetes. However, inositol is consisted mainly of myo-inositol form, which
is very low in biological utilization efficiency. The objective of this study was
to improve the biological utilization of inositol by fer
mentation using
microorganisms isolated from kimchi. Three strains which showed excellent
effect in the dehydrogenation of inositol, selected for fermentation by
comparing 28 bacterial strains isolated from kimchi. They were identified as
Lacticaseibacillus casei, Lacticaseibacillus paracasei and Bacillus subtilis by
16S rRNA analysis. Selected three strains exhibited resistance to gastric and
bile acid, and thermal stability. Furthermore, the contents of D-chiroinositol was significantly increased by co-culturing with three strains. The
results suggest that L. casei, L. paracasei and B. subtilis isolated from kimchi
can enhance chiro-inositol bioconversion process and it could be a potential
agent in the health functional food and nutraceuticals for diabetic market.

Keywords: Biomass, biorefinery, lignocellulose nanofiber

Keywords: Bioconversion, D-chiro-inositol, fermentation
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High Cell Density Cultivation of Methylocystis sp. for
Production of Methane-Based Polyhydroxybutyrate
Ok Kyung Lee, Seung Woon Hyun, Shyam Kirishna, and Eun Yeol Lee*

Sequential Biofuel Production Strategy from Native
Cyanobacteria, Pseudanabaena mucicola GO0704,
Using Volatile Fatty Acids (VFAs)

Department of Chemical Engineering, Kyung Hee University,
Gyeonggi-do 446-701, Republic of Korea

Shin Myung Kim1, Jee Young Kim1, Ka Young Kim1, Eun Hee Bae2,
and Yoon-E Choi1*
1

Division of Environmental Science and Ecological Engineering, Korea
University, Seoul 02841, Republic of Korea, 2Research Division of
Microorganisms, National Institute of Biological Resources, Incheon
22689, Republic of Korea

The indiscriminate use of petrochemical-based plastics has resulted in
environ
mental pollution due to the accumulation of waste plastics.
Polyhydroxyalkanoate (PHA) is a bacterial-derived polymer used in the
production of biodegradable bioplastics. However, high production cost and
low PHA yield and productivity hinder the widespread use of PHA as a
biodegradable plastic material. In this study, we tried to reduce the substrate
cost by producing PHB using methane, the main component of greenhouse
gas, as a carbon source. Methylocystis sp. was used as a strain for producing
methane-derived PHB, and culture conditions were optimized to achieve
high cell density cultivation. After selecting the nitrogen source, the effect of
process variables such as content of nitrogen source, pH, initial seed ratio,
phosphate, and methane to air ratio on PHB production was investigated in
a gas bioreactor. The gas fermentation conducted under optimal conditions
reached the final biomass of 56.1 g/L, with a PHB content and yield of 46.4%
and 26 g/L, which was the highest value reported to date by Methylocystis sp.

Worldwide industrialization has increased the demand for petroleum-based
fuels and caused global warming due to carbon dioxide accumulation.
Therefore, research on eco-friendly fuels that will replace fossil fuels in the
future is essential. Cyanobacteria are considered potential candidates for
producing carbon-neutral, eco-friendly fuels. However, only several
cyanobacteria, like spirulina, are being researched intensively. In order to
industrialize bioenergy derived from cyanobacteria, research on various
kinds of cyanobacteria is required. Therefore, we investigated the potential
of biofuel production from native cyanobacteria, Pseudanabaena mucicola
GO0704. In this study, we confirmed the effect of volatile fatty acids (VFAs)
on P. mucicola GO0704. VFAs, readily available from organic waste, have
improved biomass productivity and biodiesel quality from P. mucicola
GO0704. In particular, treatment with butyric acid (0.5 g/L) increased the
biomass productivity by up to 2.8-fold. In addition, we tried to sequentially
produce biodiesel and bioethanol to simplify the production process of P.
muicola GO0704-derived biofuel. 1 g of butyric acid treated biomass allowed
the production of 0.18 g of lipid and 0.26 g of bioethanol. Our strategy will
contribute to the development of environmentally friendly and cost-effective
cyanobacterial-derived biofuels.

Keywords: Polyhydroxybutyrate, Methylocystis sp., methane

Keywords: Volatile fatty acids, biofuel, Pseudanabaena mucicola
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Real-Time PCR Method for Identifying Lactobacillus
delbrueckii Subspecies Using Pangenomic-Based
Novel DNA Markers

Surface Display and Secretion in Actinobacillus
succinogenes for Conversion of Gaseous CO2 into
Succinic Acid Using Secretion Protein

Soyun Lee, Eiseul Kim, and Hae-Yeong Kim*

Jiwoon Chung1,2, Woo-Shik Shin1, Jaehoon Cho1, Han-na Lee1,3,
and Dohoon Lee1,4*

Institute of Life Sciences and Resources and Department of Food Science
and Biotechnology, Kyung Hee University, Yongin 17104, Republic of Korea

1

Green Process and Materials Group, Korea Institute of Industrial
Technology (KITECH), Cheonan 31056, Republic of Korea,
2
Department of Chemical Engineering, Kwangwoon University,
Seoul 01897, Republic of Korea, 3Department of Marine Bioscience,
Gangneung-Wonju National University, Gangneung 25457, Republic of
Korea, 4Green Process and System Engineering Major, Korea University of
Science and Technology (UST), Daejeon 34141, Republic of Korea

Markers currently used for the discrimination of Lactobacillus delbrueckii
subspecies have low efficiency for identification at subspecies level. The
objective of this study was to mine novel DNA markers for discrimination
of six L. delbrueckii subspecies (delbrueckii, lactis, bulgaricus, indicus,
jakobsenii, and sunkii) based on pangenome analysis. This study evaluated L.
delbrueckii genomes to avoid making incorrect conclusions in the process of
selecting DNA markers due to mislabeled genome. Genome analysis showed
that two genomes of L. delbrueckii subspecies (L. delbrueckii subsp.
bulgaricus FAM 21277 and delbrueckii TUA4408L) deposited in NCBI were
misidentified. Specific DNA markers were mined by comparing pan- and
core-genomes, which were found to be 100% presence in the respective
strains and absent in the non-target species or subspecies. Subspeciesspecific primer pairs targeting three main subspecies (L. delbrueckii subsp.
delbrueckii, lactis, and bulgaricus) showed high specificity and accuracy for
44 lactic acid bacterial reference strains. The developed real-time PCR
method was able to successfully monitor probiotic and dairy products and
identify 64 unknown strains isolated from raw milk samples and dairy
products. Our method will contribute to the accurate identification of L.
delbrueckii subspecies and determination of subspecies nomenclature.

Succinic acid(C4H6O4,) is butanedioic acid, which is valuable product as
building block in bio-plastic industries. Actinobacillus succinogenes is good
succinic acid producer, essentially in the presence of MgCO3. Succinic acid
production significantly reduced under mgco3-limited conditions. The
purpose of this study is to convert gaseous carbon dioxide into dissolved
HCO3– by expressing a carbonic anhydrase. The gene of carbonic anhydrase
from synechocystis sp. Pcc 6803, a cyanide bacterium, was optimized and
finally cloned in expression pLGZ920 vector. We have developed strains
AsucK2(vector control), AsucK2C(CA expressed), both strains derived
from Actinobacillus succinogenes UK13. We conducted an experiment to
compare these two strains. Fermentation studies were constructed in a 5 L
fermenter under the condition that MgCO3 was limited to 10 g/L and CO2
gas was supplied at 0.1 vvm. As a result of fermentation, AsucK2 produced
56.9 g/L and AsucK2 49 g/L of succinic acid. AsucK2 strain showed 10%
higher succinic acid production than the control strain. When carbonic
anhydrase is expressed in the host cell, higher succinic acid productivity was
observed. Furthermore, we are trying to convert gaseous carbon dioxide
into dissolved HCO3– by expressing a fusion protein linking a secreted
protein and carbonic anhydrase. Three types of genes (ice nucleation
protein(inaK), outer membrane protein A(OmpA), maltose binding protein
(malE)) were used.

Keywords: Lactobacillus delbrueckii subspecies, pangenome analysis, realtime PCR

F-22
Ethanol Production from the Waste Seaweed from
Gwangalli Beach, Busan, by Immobilized NaCl Adapted
Candida tropicalis

Keywords: Actinobacillus succinogenes, fermentation, fusion protein

In Yung Sunwoo1, Sung-Koo Kim2, and Gwi-Taek Jeong3*
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When the strong wind hits Korea, large amounts of seaweed are dumped on
the beaches. Instead of dumping the waste seaweeds to waste landfills,
bioethanol was produced using waste seaweeds. To obtain a high con
centration of monosaccharide, thermal acid hydrolysis, and enzymatic
saccharification was carried out. Ethanol fermentation was carried out by
non-adapted or adapted Saccharomyces cerevisiae, Pichia angophorae and
Candida tropicalis to a high concentration of NaCl. Fermentation with
immobilized adapted C. tropicalis was carried out to produce ethanol on
continuous culture. Efficient bioethanol production from waste seaweed
was carried out as the disposal of the waste seaweed. Thus, the process of
ethanol production from waste seaweed can create a profit for the local
community.
Keywords: Waste seaweed, adaptive evolution, immobilized cell
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Analysis of Lactic Acid Bacterial Community during
Gajami-Sikhae Fermentation by Matrix-Assisted Laser
Desorption/Ionization Time-of-Flight Mass Spectrometry

Competitive Interactions between Zygomycetes and
Aspergillus, Dominant Fungi during Meju Fermentation

Eiseul Kim and Hae-Yeong Kim*

Department of Bio and Fermentation Convergence Technology, Kookmin
University, Seoul 02707, Republic of Korea

Sohyeon Kim and Inhyung Lee*

Institute of Life Sciences and Resources and Department of Food Science
and Biotechnology, Kyung Hee University, Yongin 17104, Republic of
Korea

Diverse filamentous fungi are observed in meju and its fungal flora change
during the fermentation process. In the early stage of fermentation,
Zygomycetes are dominant although other fungi including Aspergillus spp.
exist in fermentation environment. Several intrinsic and extrinsic factors
may affect fungal growth, however, interactions among fungi may determine
the dominance of certain fungi in the meju fermentation stage. We assumed
that Zygomycetes might affect the growth of Aspegillus spp. during meju
fermentation. As expected, the growth of Aspergillus was significantly
reduced when co-cultured with Zygomycetes, suggesting competitive
interactions between them. Interestingly, the hyphae of Aspergillus spp. were
significantly altered, whereas those of Zygomycetes were a little affected.
Therefore, the hyphal alteration, maybe hyphal damage led to decreased
growth of Aspergillus spp. When Zygomycetes and Aspergillus were cocultured without direct contact using the transplant well system, the effects
on the growth were similar to co-culture with direct contact but to a less
extent, suggesting that the growth inhibition was not solely caused by direct
physical contact. Further underline mechanisms for the growth inhibition of
Aspergillus spp. by Zygomycetes will be discussed.

Gajami-sikhae is a traditional fermented food in Korea made by naturally
fermenting flatfish (Glyptocephalus stelleri) with other ingredients. This
study was the first to investigate the change in the cultivable microbial
community in gajami-sikhae fermented at different temperatures using the
matrix-assisted laser desorption/ionization time-of-flight mass spectrometry
(MALDI-TOF MS). A total of 4,824 isolates were isolated from the fermented
gajami-sikhae. Overall, the microbial communities observed a similar pattern
in gajami-sikhae fermented at 5℃ and 10℃, and at 15℃ and 20℃,
respectively. Latilactobacillus, Lactiplantibacillus, Levilactobacillus (45.23%),
Weissella (13.83%), and Leuconostoc (12.89%) were the dominant genera
during fermentation. In all temperatures, Levilactobacillus sakei was
dominant at the early stage of gajami-sikhae fermentation and maintained
dominance until the later stage of fermentation at low temperatures (5℃
and 10℃). Then, Lactiplantibacillus plantarum and Levilactobacillus brevis,
known to produce off-flavor in fermented vegetables, replaced them at high
temperatures (15℃ and 20℃). The correlation analysis between the major
species and environmental factors showed that the fermentation temperature
and period are important indices determining the quality of gajami-sikhae.
This study could provide useful guidelines for gajami-sikhae quality control.

Keywords: Fungal interactions, Zygomycetes, Aspergillus spp. meju

Keywords: Gajami-sikhae, microbial community, MALDI-TOF MS
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Distribution and Characteristics of Penicillium Species in
Meju, a Korean Traditional Fermented Soybean Brick

Influence of Dietary Supplementation with LAB in
Hermetia illucens on Growth and Gut Microbiome in
Oncorhynchus masou salmon

Jumgho Lee, Shin Young Roh, Kang Uk Kim, and Inhyung Lee*

Huynsol Jo, Minji Lee, and Sunmee Hong*
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University, Seoul 02707, Republic of Korea

Marine Industry Research institute for East sea rim 22 Haeyanggwahakgil, Jukbyeon-myeon,Uljin-gun, Gyeongsangbuk-do 36315, Repubilc of
Korea

Penicillium spp. are often found in meju, a Korean traditional fermentedsoybean brick. We isolated and identified 96 Penicillium spp. from 22 meju:
P. polonicum was the most frequently isolated fungus which portioned
approximately 40% of the isolates, and Penicillium roqueforti, the major
industrial strain for blue cheese fermentation, was also isolated. Most
isolates exhibited protease activity and P. rubens produced protease at the
maximum level with the range of 13.39-20.75 U/gIDS. Some isolates
produced γ−glutamyl transpeptidase (GGT), and in particular, P. roqueforti
MJ1410 exhibited the GGT activity of 0.43 U/gIDS, which was higher than
the reported activity of 0.37 U/g of P. roqueforti isolated from cheese. Both
MAT1-1 and MAT1-2 genes were identified in 7 out of 8 species, suggesting
that most Penicillium spp. isolated form meju, have sexual reproduction
potential, which is important characteristic for the strain improvement of a
starter for food production. All these characteristics suggest that some meju
Penicillium such as P. roqueforti have a great potential as a starter for the
industrial production of γ-glutamyl peptides, key ingredients of cheese-like
flavor, using soybeans.

Lactic acid bacteria (LAB; Probiotics) is well-known not only GRAS but also
valuable functional food and/or feed to promote specific health benefits.
Also, Hermetia illucens (H. illucens; Black Solder Fly) is attracting attention
as an alternative fish meal replacement as well as bioremediation insect. In a
previous study, we proposed a fermentation method by LAB in H. illucens
for fish feed supplement (HiLAB) with the antioxidant effect, production of
γ-Aminobutyric acid (GABA) and antimicrobial activity against fish pathogen.
This time, we confirmed feeding 4.5% HiLAB to juvenil Oncorhynchus masou
(O. masou) promoted growth and increase the content UFA (MUFA, PUFA)
including EPA and DHA etc. In addition, in gut-microbiota of O. masou
after 10 weeks by NGS analysis, L. lactis (61.8%), E. faecium (32.1%), L.
plantarum (0.6%), L. mesenteroides (4.6%), L. brevis (0.9%) was identified in
experiment group with 4.5% HiLAB supplement, but was no in the control.
These results may indicate that 4.5% HiLAB feed additive had the effect of
promoting growth, improving intestinal environment, and improving lipid
metabolism not only in freshwater fish but also in saltwater fish and other
fish species such as pets.

Keywords: Meju, Penicillium spp., γ−glutamyl transpeptidase

Keywords: Hermetia illucens, lactic acid bacteria, Oncorhynchus masou
[This work was supported by the Korea IPET through Useful Agricultural
Life Resources Industry Technology Development Program, funded by
MAFRA (121047-2).]
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Specific Mass Peaks for Differentiating between
Enterococcus faecium and Enterococcus lactis Using
Matrix-Assisted Laser Desorption Ionization Time-ofFlight Mass Spectrometry

Fermentation Properties of Cruciferous Vegetables
Ahhyeon Chun, Sujeong Park*, and Soo-Rin Kim*
School of Food Science and Biotechnology, Kyungpook National
University, Daegu 41566, Republic of Korea

Seung-Min Yang1, Young-Ho Koh2, and Hae-Yeong Kim1*

Plants of the Brassicaceae family, previously named cruciferous, are widely
consumed worldwide. A commonly eaten crucifer
ous vegetable species
known as Brassica is Brassica oleracea, which includes cabbage, broccoli,
cauliflower and kale. These cruciferous vegetables are rich in vitamin C,
vitamin U and soluble fiber and contain phytochemicals. Through microbial
fermentation of these cruciferous vegetables, we want to make a fermented
product containing physiologically active ingredients useful for the living
body. In this study, hydrolysate of cruciferous vegetables was fermented
using various microorganisms, and the fermentation characteristics were in
vestigated by analyzing physicochemical properties according to fermen
tation time. Through this study, microorganisms optimized for fermentation
could be selected, and the hydrolysate of cruciferous vegetables fermented
with the selected microorganisms could suggest the potential for develop
ment as a functional food for improving gastric health.

1

Institute of Life Sciences and Resources and Department of Food Science
and Biotechnology, Kyung Hee University, Yongin 17104, Republic of
Korea, 2Ilsong Institute of life Science, Hallym University, Seoul 07247,
Republic of Korea
Unlike Enterococcus faecium, some Enterococcus lactis strains are considered
potential probiotic strains as they lack particular virulence or antimicrobial
resistance genes. However, two species are closely related and difficult to
distinguish using conventional methods. In this study, for the first time,
matrix-assisted laser desorption/ionization time-of-flight mass spectrometry
(MALDI-TOF MS) with an in-house database was used to identify E.
faecium and E. lactis and develop a classification method for species level
differentiation with specific mass peaks. A total of 58 strains (89.2%) were
correctly identified at the species level (≥2.000) using MALDI-TOF MS with
in-house database. However, seven strains (10.8%) were not accurately
differentiated by commercial and in-house databases, as a single colony was
identified as a different species with a similar score value. Mass peaks were
identified by analyzing 25 reference strains, and peaks at 10,122±2 m/z,
3,650±1 m/z, and 7,306±1 m/z were unique to E. faecium and E. lactis
reference strains, respectively. These mass peaks were verified by reidentifying 60 isolates, and it demonstrated 100% specificity and accuracy,
whereas 16S rRNA sequencing identified two different candidates for some
isolates (E. faecium and E. lactis). Our data demonstrate that the mass peaks
with in house database accurately differentiate the two species; this
methodology can be used to rapidly and easily identify them and determine
their nomenclature.

Keywords: Brassica oleracea L. var. capitata, lactic acid bacteria, yeast
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Anti-Obesity Effect of Vitamin K Identified from Lactic
Acid Bacteria Fermentation in Spinach Medium
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Vitamin K is an essential lipid-soluble vitamin, and there are two different
forms in nature; vitamin K1 (phylloquinone; Vit K1), which is mainly found
in the plant and vitamin K2 (menaquinone; MK), which is mainly contained
in animals and microorganisms. Several studies have suggested that Vit
K1 and MK may be effective in preventing of cancer, osteoporosis, and
cardiovascular disease and other diverse physiological functions. In this
study, optimization of the spinach media with Vit K1 and solvent extraction
to maximize MK production by lactic acid bacteria (LAB) was carried out
using experimental methods, including one factor at a time, temperature,
and LAB strains. As a result, the VitK1 and MKn (MK4, MK7, and MK9)
homologs were effectively separated using isopropanol solvent (797.16
μg/100g) and synthesized by spinach fermentation with L. lactis (Ll,
KCCM12759P) and L. mesenteroides (Lm, KCCM12756P) at 24h. Also, Vit
K complex purified in spinach media has been shown to act as an antiobesity by decreasing blood lipid concentration and fatty-body in estrogendeficient mice. Although further investigation is needed, we propose that
VitK complex (VitK and MK) obtained in LlLm spinach fermentation may
be to the candidates of the mechanisms regulating the lipid metabolism of
human health.
Keywords: Vitamin K, spinach, lactic acid bacteria
[This work was supported by the Korea IPET through Useful Agricultural
Life Resources Industry Technology Development Program, funded by
MAFRA (121047-2).]
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Cultivation of Microalgae and Biodiesel Production Using
Food Waste

Dynamics and Correlation of Microbial Communities and
Metabolic Compounds in Doenjang-Meju, a Korean
Traditional Soybean Brick

Yoo-Jin Kim1, Hyun-Jin Cho1, In-Yung Sunwoo2, Yun-Kyung Cho2,
Su-in Kim2, and Gwi-Taek Jeong2*

Dong Min Han, Hyung Min Kim, Ju Hye Baek, Byung Hee Chun, and
Che Ok Jeon*

1

School of Marine, Fisheries and Life Science, Pukyong National
University, Busan 48513, Republic of Korea, 2Department of
Biotechnology Pukyong National University, Busan 48513,
Republic of Korea

Department of Life Science, Chung-Ang University, Seoul 06974, Republic
of Korea
To investigate the general fermentation characteristics of doenjang-meju,
they were periodically collected from eight different manufacturers during
all fermentation stages, and their microbial communities and metabolic
compounds were analyzed. Bacillus and/or lactic acid bacteria (LAB, mainly
Enterococcus) and Aspergillus were abundant during fermentation. Fructose;
glycerol; acetate and lactate; and cadaverine, putrescine, tyramine, and
histamine were identified as the major sugars, carbon compound, organic
acids, and biogenic amines, respectively. Tetramethylpyrazine, butyl butyrate,
butanol, acetic acid, acetoin, and 2,3-butandiol were the major volatile
compounds. Principal component analysis revealed that doenjang-meju had
two differentiated fermentation features, Bacillus- and LAB-dominated
fermentation. Particularly, fewer volatile compounds were detected in LABdominated doenjang-meju samples. Correlation analysis showed a strong
negative correlation between Bacillus and LAB. Enterococcus, LAB, and
Bacillus were positively correlated with lactate, flavonoid aglycones, and
putrescine, respectively, suggesting that they might be mainly responsible
for producing the compounds. This study provides insights into the general
fermentation characteristics of doenjang-meju.

With the emergence of shortcomings in the fossil fuel-centered energy
industry, research on the development of energy that can replace fossil fuels
is in progress. Among them, bioenergy, which is evaluated as an eco-friendly
and renewable fuel and raw material, is attracting a lot of attention in terms
of its necessity and diversity. This research used NFC (Not from concentrate)
ABC (Apple, Beet, Carrot) pomace among the discarded cellulose-based
food waste. Thermal acid hydrolysis pretreatment and enzyme saccharification
were performed to produce reducing sugar. In addition, reducing sugar
produced from NFC ABC pomace was supplied as a carbon source when
cultivating C. sorokiniana to lower the substrate unit price and producing
lipids that can be used as biodiesel. These results resulted in the high valueadded of by-products by producing bioenergy from food waste resources.
Keywords: Food waste, saccharification, Chlorella sorokiniana

Keywords: Doenjang-meju, microbial community, metabolic compounds
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Enhancement of Galactose Consumption for Bioethanol
Production from Eucheuma denticulatum Hydrolysate
Using Various Yeasts Adapted to Galactose
1

1

2

Thermal Acid Pretreatment and Enzymatic
Saccharification of Spartina sp.
hyun-jin Cho1, Yoo-Jin Kim1, In-Yung Sunwoo2, Yun-Kyung Cho2,
Hee-kyoung Lee2, and Gwi-Taek Jeong2*

2

Jieun Kim , Ji-Won Yang , In-Yung Sunwoo , Sung-Koo Kim , and
Gwi-Taek Jeong2*

1

School of Marine, Fisheries and Life Science, Pukyong National
University, Busan 48513, Republic of Korea, 2Department of
Biotechnology, Pukyong National University, Busan 48513,
Republic of Korea

1

School of Marine, Fisheries and Life Science, Pukyong National
University, Busan 48513, Republic of Korea, 2Department of
Biotechnology, Pukyong National University, Busan 48513,
Republic of Korea

The invasive alien species Spartina sp. spread in Ganghwa-do, Han River
estuary, Republic of Korea was used as a biomass resource. Waste Spartina
sp. has high carbohydrate and fiber content which can obtain reducing
sugar. To obtain a high reducing sugar yield, Spartina sp. was optimized the
thermal acid pretreatment conditions. Experiments were carried out with
various acid catalyst type, acid concentration, enzyme type, enzyme mixing
ratio, reaction time and temperature. Optimal enzymatic saccharification
conditions were deter
mined to be Cellic CTec2. Under these optimal
conditions, high yield of reducing sugar was obtained.

According to the RFS (Renewable Fuel Standard) system, which aims to
reduce greenhouse gases and realize carbon neutral in response to global
warming, bioethanol is produced using algae with low food and arable land
problems in this study. To obtain high ethanol yield, Eucheuma denticulatum,
that red seaweed has the most carbohydrates in seaweed biomass, was
selected as a raw material to thermal acid hydrolysis and enzymatic
saccharification. To improve the absorption ratio of yeasts for galactose
contained in E. denticulatum, fermentation was carried out using the yeasts
adapted to high galactose concentrations. Thermal acid hydrolysis
pretreatment of E. denticulatum was carried out using 10% (w/v) slurry
content and 300 mM HNO3 at 121℃ for 90 min. Enzymatic saccharification
with 8-24 U/ml Cellic CTec2 was performed at 50℃ and 160 rpm for 72 h.
Ethanol fermentation was performed using galactose adapted and nonadapted yeasts. As a result, adapted to high galactose concentration strains
showed more high ethanol production than wild-type strains.

Keywords: Spartina sp., pretreatment, enzymatic saccharification

Keywords: Eucheuma denticulatum, adaptive evolution, ethanol fermentation
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Effect of Gamma Irradiation on Saccharification of
Wood Chips Pretreated with NaOH

Repeatable Methods for Stimulating Astaxanthin
Accumulation in Haematococcus pluvialis using
Polyethylenimine and Chitosan

Jeong-hyun Kim1, Seong-ju Park2, and Jong-il Choi1*

JaeBeen Lee1, YunHwan Park1, MinSeo Jeon1, Sok Kim1,2, and
Yoon-E Choi1*

1

Department of Biotechnology and Bioengineering, Chonnam National
University, Gwangju 61186, Republic of Korea, 2ProAbTech, Gwangju
61005, Republic of Korea

1
Division of Environmental Science and Ecological Engineering, Korea
University, Seoul 02841, Republic of Korea, 2OJeong Eco-Resilience
Institute, Korea University, Seoul 02841, Republic of Korea

Effect of gamma irradiation on saccharification of wood chips using NaOH
pretreatment was investigated. The degree of saccharification was confirmed
by measuring the amount of reducing sugar and glucose produced after
hydrolyzing the pretreated wood chips with an enzyme. The wood chips
were pretreated with 10 g/L NaOH and irradiated with gamma rays of 50,
100, and 200 kGy, respectively. When comparing the hydrolysis yield of
wood chips, the highest reducing sugar was 12.2 g/L irradiated with 200 kGy
gamma rays. To evaluate the effect of the gamma irradiation before the
pretreatment process, wood chips were first irradiated with 50, 100, or 200
kGy gamma rays, and then pretreated with 10 g/L NaOH. When 200 kGy
gamma irradiation was performed before NaOH pretreatment, the reducing
sugar was 13.4 g/L, which was increased compared to the NaOH pretreated
wood chips before gamma irradiation. From these results, it is expected that
gamma irradiation can be used for pretreatment of cellulose biomass.

Astaxanthin is a secondary ketocarotenoid and attracts attention in various
industry due to its strong antioxidant activity. Haematococcus pluvialis has
higher astaxanthin content than krill and shrimp. Astaxanthin biosynthesis
is activated in response to adverse environmental conditions as a survival
strategy. However, since most astaxanthin-induced sources cannot be
recovered after induction, production costs are continuously required.
Therefore, we are going to explore a repeatable induction method using
polyethylenimine (PEI), which promotes astaxanthin accumulation. In this
study, PEI was cross-linked with chitosan by epichlorohydrin (PCF) and
made into fiber for easy recovery. PEI, although immobilized on chitosan,
successfully contributed to the enhancement of astaxanthin production in
H. pluvialis. Astaxanthin accumu
lation increased with increasing PEI
concentration, but excessive PEI had no effect on accumulation in PCF.
Reactive oxygen species level inside the cells was always higher than control
during the application period, indicating that astaxanthin was continuously
induced. Astaxanthin production-inducing ability of recycled PCF
maintained more than 90% of single use. PCF could be an innovative way to
increase astaxanthin production.

Keywords: Saccharification, gamma irradiation, wood chips

F-36
Characterization of Carbon Metabolic Features of
Leuconostoc mesenteroides Using Metabolite and
Transcriptomic Analyses

Keywords: Haematococcus pluvialis, polyethylenimine, astaxanthin

Ju Hye Baek, Dong Min Han, Kyung Hyun Kim, and Che Ok Jeon*
Department of Life Science, Chung-Ang University, Seoul 06974,
Republic of Korea
Leuconostoc mesenteroides (strain J18) are key kimchi lactic acid bacteria
and their metabolic features were investigated for diverse single carbon
sources. Strain J18 grew well by using, fructose, xylose, and sucrose,
moderately by using glucose, lactose, maltose, and trehalose as a single
carbon source, but galactose, mannose, arabinose, ribose, and cellobiose
were not used in strain J18. Fermentation products and transcriptomes of
strain J18 fed with seven sugars used for carbon sources were analyzed.
Lactic acid, ethanol, acetic acid, and mannitol were majorly produced, but
their production profiles varied according to sugars. Total production ratios
in the culture fed with glucose, lactose, maltose, and trehalose were shown
from 67% to 92%, but those of fructose, xylose, and sucrose were lower than
50%. The expression of protein metabolism, and respiration were high in
cultures fed with fructose, and sucrose, suggesting the metabolism of two
sugars may flow into cell growth and/or maintenance. The culture fed with
xylose highly expressed riboflavin and fatty acid metabolisms. Entire
expression profiles clustered glucose, lactose, maltose, and fructose, and
strain J18 fed with sucrose and xylose existed separately in the hierarchical
clustering. Consequently, metabolic features of carbon including fermen
tation products and metabolism were different by the composition of carbon.
Keywords: Fermentation, Leuconostoc mesenteroides, carbon metabolism
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Role of Alcohol Dehydrogenase (GutB1) for
1-Deoxynojirimycin Biosynthesis in Bacillus
amyloliquefaciens MBLB0692 Isolated from
Cucumber Kimchi
1

2

1,3

Characterization of Fermented Products by Bacillus
licheniformis CP6 with the Powder of Aurea Helianthus as
Functional Cosmetic Ingredients
Yong-Jik Lee1, JiYeon Woo1, YunJi Jo1, BoKyoung Kang1,
EunJo Kim1, JiWon Lee1, Gae-Won Nam1, MyongKi Kim2,
Seok-Cheol Cho2, Mi-Hwa Park3, MinKyeong4, and Sang-Jae Lee4
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Hyo Jung Lim , Jeonghye Chun , Hyunjin Lee , Sungho Jang
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Process Development, Incheon National University, Incheon 22012,
Republic of Korea, 4Division of Bioengineering, Incheon National
University, Incheon 22012, Republic of Korea
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1-Deoxynojirimycin (1-DNJ), a glucose mimetic with a nitrogen rather than
oxygen in the ring, exhibits anti-diabetic and antiviral effects with playing a
role of α-glucosidase inhibitor. The food-grade 1-DNJ production can be
accomplished by some Bacillus spp. isolated from fermented food sources.
However, there have been few studies about the functional roles of core
biosynthetic genes involved in 1-DNJ biosynthesis in Bacillus spp. Here, this
study reports the characterization of alcohol dehydrogenase (gutB1), which
converts 2-amino-2-deoxy-D-mannitol (ADM) to mannojirimycin, from
Bacillus amyloliquefaciens MBLB0692 isolated from cucumber kimchi. We
successfully expressed recombinant GutB1 (rGutB1), originated from B.
amyloliquefaciens MBLB0692, in Escherichia coli BL21(DE3). The purified
rGutB1 showed maximum activity at 40℃ and pH 10.0. The most preferred
substrate of the rGutB1 was ADM, though accepted other substrates such as
sorbitol, mannitol, galactitol, mannosamine, glucosamine, and galactosamine
at reduced activity (21.8-34.5%). The addition of MnSO4 and CaCl2
increased the rGutB1 activity, while CuCl2, AgNO3 and ZnCl2 inhibited the
activity. Finally, this study will be great value to genetic mining of potential
bioresource for industrial production of 1-DNJ.

A Bacillus licheniformis CP6 strain was isolated from seawater at Tongyeong
in Korea forfinding alkaline protease-producing thermophiles. The culture
media was optimized to ferment the powder of Aurea Helianthus as a
substrate with B. licheniformis CP6, and the pattern of degradation of plantderived proteins was analyzed by SDS-PAGE and HPLC, respectively,
showing that the addition of 1% of yeast extract and 1% of the powder of A.
Helianthus was the best culture condition. Then, fermented products were
concentrated together with the size exclusion to > 10 kDa, 10 KDa ~ 3 KDa,
and 3 KDa > by using Amicon® Ultra-15 Centrifugal Filter Units. To confirm
the cytotoxicity and activity of anti-oxidants, fractionated samples were used
for MTT and ABTS assays, representing that no cytotoxicity was confirmed
and a fractionated 24 h sample (3 KDa >) showed similar activity of antioxidant to ascorbic acid as a control. Therefore, this study suggests that the
processes of fermentation and molecular weight cut-off using B.
licheniformis CP6 and the powder of A. Helianthus can provide an lternative
strategy to produce high value-added functional cosmetics without the
process of extraction by organic solvents.

Department of Bio-Cosmetics, Seowon University, Cheong-Ju 28674,
Republic of Korea, 2Department of Food Science and Engineering,
Seowon University, Cheong-Ju 28674, Republic of Korea, 3Department of
Food and Nutrition, College of Medical and Life Science, Silla University,
Busan 46958, Republic of Korea, 4Major in Food Biotechnology and
Research Center for Extremophiles and Marine Microbiology,
Silla University, Busan 46958, Republic of Korea

Keywords: Bacillus licheniformis, halo-tolerant, anti-oxidant activity

Keywords: Bacillus amyloliquefaciens, 1-deoxynojirinycin, alcohol dehydro
genase
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Effect of Acetic Acid Bacteria, Potassium Citrate, and
Sugar during Dongchimi Fermentation

F-39

Ju Young Lim, Yun-Jeong Choi, and Sunggi Min*

Optimization of Culture Conditions for Increasing
Antibacterial Activity of Lactococcus lactis WiKim0098

Practical Use Technology Research Group, World Institute of Kimchi,
Gwangju 61755, Republic of Korea

Junghwan Kim, Seul-Gi Jeong, Ho Myeong Kim, Min Ji Jang, and
Hae Woong Park*

Lactococcus lactis has the ability to produce an antibacterial substance such
as bacteriocin. This antibacterial substance inhibits the growth of other
lactic acid bacteria and delays the fermentation of kimchi, thereby
prolonging the shelf-life of kimchi. L. lactis is generally grown on M17
medium, but it is expensive as well as inedible. This study was conducted to
develop optimal condition for increasing the antibacterial activity of L.
lactis. Media was optimized using industrial grade to meet cost effectiveness.
Then, fermentation conditions was explaned with a 5 L jar bioreactor. After
incubation for 24 h at 30℃ and pH 5.5, antibacterial activity with the media
containing 2% carbon source and 4% nitrogen source showed much higher
than one with M17 medium. These results suggest that optimal culture
conditions can increase antibacterial activity and lower production costs,
ultimately making L. lactis WiKim0098 as a powerful kimchi starter.

Dongchimi is one of the most representative watery kimchi in Korea.
Although the scope of application of Dongchimi has been expanded,
research on the quality of Dongchimi is insufficient compared to that of
kimchi. The objective of this study was to investigate the different effects on
quality as a function of acetic acid bacteria (A), potassium citrate (P), and
sugar (S) during Dongchimi fermentation. Different Dongchimi (S, PS, AS,
APS) were prepared and stored at 15℃ for 15 days. The pH was maintained
above pH 4 in the PS, and APS groups which contained potassium citrate.
The acidity was higher in the PS than in the S, and the acidity increased
faster with the sugar concentration. In the early stage of fermentation, acetic
acid bacteria accounted for more than half of the APS, but as the
fermentation progressed, the acetic acid bacteria content was maintained at
around 10%, and the dominant species became Leuconostoc sp. as in the PS.
The content of lactic acid and acetic acid, which were the main organic
acids, was lower in the APS than in the PS, it could be related to the
metabolism of acetic acid bacteria. In addition, in the APS containing acetic
acid bacteria, the increased viscosity of Dongchimi because of containing
high sugar was reduced by up to 81%. Therefore, this study would be
considered to apply to the Dongchimi processing industry.

Keywords: Lactococcus lactis, antibacterial activity, kimchi

Keywords: Dongchimi, fermentation, acetic acid bacteria

Eco-Friendly Process Technology Research Group, Technology Innovation
Research Division, World institute of Kimchi, Gwangju 61755, Republic of
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Change History of the Microbial Ingredients in Food
Ingredient List

Genomic Insights on Salt Susceptibility of Weizmannia
coagulans

Sojeong Heo, Eun-Gyo Lee, Junghyun Park, Tao Kim, Gawon Lee,
Hong-Eun Na, and Do-Won Jeong*

Tao Kim, Sojeong Heo, and Do-Won Jeong*
Department of Food and Nutrition, Dongduk Women’s University, Seoul
02748, Republic of Korea

Department of Food and Nutrition, Dongduk Women’s University, Seoul
02748, Republic of Korea

Weizmannia coagulans is spore forming, and lactic acid-producing
bacterium that was recently reclassified from Bacillus coagulans. In our
previous study, 31 W. coagulans strains were evaluated safety and functional
properties to select starter candidates. Through this experiment, it was
confirmed that W. coagulans were susceptible to salt compared with other
Bacillus genus. Therefore, in this study, the genomes of W. coagulans and
four Bacillus genus were compared to identify the basis for the salt sensitivity
of W. coagulans. We selected a total 23 strains including W. coagulans
species and four species-B. licheniformis, B. siamesis, B. subtilis, B. velezensisof genus and analyzed for comparative genomics. As a result, B. siamesis, B.
subtilis and B. velezensis possesses five Opu transporters: OpuA, OpuB,
OpuC, OpuD, OpuE and B. licheniformis has four Opu transporters except
OpuB, but W. coagulans has only OpuC transporter. These results assumed
that the lack of the Opu system contributes to the salt-susceptibility of W.
coagulans.

In Korea, a positive list system that provides a list of food ingredients that
can be used in food has been introduced and operated since 2016. At the
time of introduction, the list of available microbial ingredients has changed
from 69 cases to 70 cases now, and from 27 cases to 38 cases of available raw
materials under restrictive conditions. Their change history was analyzed
based on scientific evidence related to the change of microbial ingredients
since 2016.
Keywords: Positive list, microbial ingredients, food ingredients
[This research was supported by a grant (22192MFDS019) from Ministry of
Food and Drug Safety in 2022.]
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Effect of Joggi (Larimichtys polyactis) on Bacterial
Communities in Kimchi

Real-Time PCR Method for Identifying Five Closely
Related Enterococcus Species Using Specific Gene
Markers Obtained by Pangenome Analysis
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02748, Republic of Korea
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Korea

To determine the effect of joggi (Larimichtys polyactis) on bacterial
communities in kimchi, bacterial communities was analyzed by
fermentation time using pyrosequencing. Until the 5 days after making
kimchi, Aerosakkonema funiforme and unidentified species were dominant
with or without joggi. After 10 days of fermentation, Latilactobacillus sakei
(>20.02%), Leuconostoc mesenteroides (>14.64%) and Weissella confusa
(>7.58%) were accounted for more than 58.78~86.07%. Joggi addition did
not significantly affect bacterial commuinites after 10 days fermentation,
but Carnobacterium inibens found in the gastrointestinal tract of fish was
detected at a rate of 14.11% at day 5 of fermentation and then decreased
rapidly. Additionally, others (36.7%), A. funiforme (23.1%) and Bacillus
subtilis (18.6%) were the dominant species in seasonings used in kimchi
manufacturing. They affected bacterial communities in the early stages of
kimchi fermentation, but decreased significantly as fermentation progressed.
In kimchi cabbage, A. funiforme (84.6%) was predominantly detected,
which also contributed to the fermentation of kimchi in the early stages of
fermentation.

The Enterococcus faecium group consists of seven closely species including
E. faecium, E. durans, E. hirae, E. lactis, and E. mundtii. These strains have
very high resemblance between the 16S rRNA gene sequence, causing
problems that can be misidentified. In this study, we developed an accurate
real-time PCR assay based on pan-genome analysis for more suitable, rapid,
and precise identification of E. faecium group species than analysis by
sequencing. Species-specific genes were mined by comparing the core and
pangenomes and then were confirmed to be specific for 82,489,276
sequences by in silico analysis. The species-specific genes exhibited 100%
specificity for 139 reference strains as evaluated by the real-time PCR assay.
The sensitivity of the real-time PCR assay was determined by using genomic
DNA and spiked food samples ranging from 108 to 102 CFU/mL as a
template. This method was able to quantitatively detect the strains of E.
faecium group in a variety of foods purchased from retail markets. In
addition, real-time PCR efficiency was validated using 140 isolates and
demonstrated the same or greater accuracy at the species level compared to
16S rRNA sequencing. The method developed in this study can be exactly
and rapidly quantified E. faecium group species in food samples.

Keywords: Joggi (Larimichtys polyactis), kimchi, bacterial community

Keywords: Enterococcus faecium group, pan-genome analysis, real-time
PCR
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Discrimination of Bacillus subtilis from other Bacillus
Species Using Specific Oligonucleotide Primers for
the Pyruvate Carboxylase and Shikimate Dehydrogenase
Genes

Changes of Metabolites and Volatile Compounds in
Kimchi Inoculated with Leuconostoc mesenteroides
WiKim32 as a Starter Culture
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Bacillus subtilis is a useful bacterium in the food industry with applications
as a starter strain for fermented food and as a probiotic. However, it is
difficult to discriminate B. subtilis from other Bacillus species because of
high phenotypic and genetic similarity. In this study, we employed five
previously constructed multilocus sequence typing (MLST) methods for the
discrimination of B. subtilis from other Bacillus species and all five MLST
assays clearly distinguished B. subtilis. Additionally, the 17 housekeeping
genes used in the five MLST assays also clearly distinguished B. subtilis. The
pyruvate carboxylase (pyrA) and shikimate dehydrogenase (aroE) genes
were selected for the discrimination of B. subtilis because of their high
number of polymorphic sites and the fact that they displayed the lowest
homology among the 17 housekeeping genes. Specific primer sets for the
pyrA and aroE genes were designed and PCR products were specifically
amplified from B. subtilis, demonstrating the high specificity of the two
housekeeping genes for B. subtilis. This species-specific PCR method
provides a quick, simple, powerful, and reliable alternative to conventional
methods in the detection and identification of B. subtilis.

The purpose of this study was to investigate the effects of starter on
metabolites and volatile compounds during fermentation kimchi. Kimchi
was prepared with Leuconostoc mesenteroides WiKim32 as a starter or
without and stored at 6℃ for 28 days. In the starter kimchi, Leu.
mesenteroides WiKim32 was the dominant LAB, comprising 80% and 70%
of total LAB counts at 7 and 28 days, respectively. Metabolite analysis using
1
H-NMR showed that the contents of mannitol, adenine, ethylene glycol,
and propylene glycol were higher in starter kimchi than in nonstarter
kimchi. Volatile compound analysis using HS-SPME showed abundance of
s-containing, nitriles, epithionitriles, alcohol, and esters was detected in the
starter kimchi rather than in the nonstarter kimchi. In this study, the volatile
flavor components patterns were different between the starter and nonstarter
kimchi. Linear discriminant analysis (LDA) score plot demonstrated that
Leu. mesenteroides WiKim32 starter were major components that
differentiated the kimchi according to fermentation time. Therefore, by
using Leu. mesenteroides WiKim32 starter strain, this study demonstrated
the value of various characteristics and standardized manufacturing of
kimchi.

Keywords: Bacillus subtilis, multilocus sequence typing, species-specific
primer

Keywords: Starter Kimchi, metabolite, volatile compounds
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Our study, relates to a method for producing lava seawater-derived natural
mineral-coated probiotics used. uses a method for adding lava seawater to a
medium for culturing lactic acid bacteria so that the concentration of the
lava seawater becomes 30-70% (v/v). thus causing minerals included in the
lava seawater and proteins on the lactic acid bacteria medium to precipitate
in a mineral-protein salt state, thus inducing smooth culture of lactic acid
bacteria through the control of salinity on the medium, and while lactic acid
bacteria are cultured, chaperones, which are stress-responsive proteins, are
produced in lactic acid bacteria on a medium in which the concentration of
salt is adjusted, due to salt-induced stress, and a culture broth after culture is
concentrated so that the outer sides of the lactic acid bacteria are uniformly
coated with a mineral-protein salt generated when the medium is sterilized,
and thus overall thermal stability of the inner and outer sides of lactic acid
bacteria are enhanced. due to this result, it was confirmed that the lava
seawater-coated lactic acid bacteria had a higher survival rate than general
lactic acid bacteria in gastric and bile acid digestive tract, it was confirmed
probiotics powder of the survival rate and stability over time were increased.

Acid tolerance is a key feature of probiotics development because it enables
the positive benefits of probiotics to function effectively. However, the
method of evaluating acid resistance differs among researchers, causing
confusion in interpreting the results. Hence, we established the optimal
conditions for the acid tolerance test employing the response surface
methods in current study. Independent variables were set as pH (2.5–3.5),
exposure time (1–2 h), and pepsin (presence or absence), and the survival
rate of seven strains known to have probiotic properties was used as
dependent variable. The results of the analysis of variance (ANOVA)
indicated that the pH value and exposure time in acidic environments
significantly affected the acid tolerance test model, and their interaction also
had an affect (p<0.05). Using the ANOVA results, the condition of the acid
tolerance test was optimized with a target of 85% survival rate for each
strain. The pH 2.92, 1.73 hour exposure time with pepsin, and pH 3, 1.98
hour exposure time without pepsin were the optimal conditions for the acid
tolerance test. This standardized acid tolerance test can help other
researchers to select strain selection with a rigorous acid tolerance without
confusion misunderstanding.

Keywords: Probiotics, lava seawater, chaperones

Keywords: Acid tolerance test, lactic acid bacteria, response surface
methodology
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Enhanced Phenyllactic Acid Production Using Whole Cell
Bioconversion of Sporolactobacillus inulinus ATCC 15538

In Silico and In Vitro Safety Evaluation of
Lacticaseibacillus rhamnosus GG
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Cheongju, Chungbuk 28644, Republic of Korea
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Cheongju 28644, Republic of Korea

3-D-Phenyllactic acid (PLA), which is an organic acid widely existing in
honey and fermented food, can be produced by lactic acid bacteria. PLA was
proved as an ideal antimicrobial compound with broad and effective
antimicrobial activity against both bacteria and fungi. In this study, the
whole cells of Sporolactobacillus inulinus ATCC 15538, which was regarded
as superior producer of D-lactate with excellent lactate tolerance, were used
for phenyllactic acid synthesis from phenylpyruvate (PPA). The conversion
conditions were optimized by adjusting initial pH, phenylpyruvate
concentration, and glucose concentration. In addition, batch and fed-batch
bioconversion were performed to improve PLA production. As results,
under the optimized bioconversion conditions of 70 mM PPA and 275 mM
glucose at pH 8.0, 47 mM D-PLA was produced within 30 mins with
conversion yield of 88%. This is the first study for the production of
D-phenyllactic acid from phenylpyruvate using the whole cells of S. inulinus
ATCC 15538.

Lacticaseibacillus rhamnosus strain GG (LGG) is one of the most widely
used probiotic strains and its effects on human health have been examined in
numerous clinical trials. However, there have been reports of LGG-associated
bacteremia in children with the short gut syndrome. This study aimed to
evaluate the safety of LGG by analyzing the whole-genome sequence of LGG
and in vitro safety tests. For this, the sequence of LGG was analyzed and
annotated by the RAST Server and the KEGG Pathway Database. As the
results, in silico safety analyses showed the genome harbors genes for
hemolysin type III, lysine decarboxylase, ornithine decarboxylase, dD D lactate dehydrogenase, β-glucuronidase, and three subsystems with eight
antibiotic resistance. Most of the genes related to antibiotic resistance are
located outside of a prophage region in the chromosome. In vitro assays
confirmed that LGG is susceptible to antibiotics excluding vancomycin
resistance that is nontransferable. In addition, LGG showed no
β-glucuronidase activity and no detectable production of biogenic amine
during cell growth in the MRS medium. However, in the hemolytic activity
assay by the measurement of the absorbance of hemoglobin at 414 nm, little
hemolytic activity (26.11%±0.4) was detected, revealing its possibility to
cause bacteremia in the host. To prove this risk, further analysis by employing
a more accurate system will be necessary.

Keywords: Phenyllactic acid, bioconversion, Sporolactobacillus inulinus
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The use of probiotic starters can improve the sensory- and health-promoting
properties of fermented foods. Limosilactobacillus reuteri (L. reuteri) is a
well-studied probiotic bacterium capable of colonizing the mammalian gut.
The aim of this study is to evaluate the suitability of L. reuteri EFEL6901
(LBRE6901) isolated from human feces as a probiotic starter for kimchi
fermentation. For this, its probiotic properties including anti-inflammatory
activity and additional health function, and characteristics of kimchi
fermentation were evaluated. As results, LBRE6901 was safe to use in food
fermentation, as it did not show biogenic amine production and hemolytic
activity. In addition, the strain was stable under simulated human
gastrointestinal conditions and adhered well to colonic epithelial cells.
Moreover, in an in vitro experiment for its functional analysis, treatment of
heat-killed LBRE6901 decreased nitric oxide (NO) production via downregulation of inducible nitric oxide synthase (iNOS) in LPS-induced Raw
264.7 cells. Also, it inhibited IL-12 and induced IL-10 in LPS-induced
mouse macrophage cells. In an in vivo experiment, oral administration of
LBRE6901 significantly ameliorated colitis induced by DSS. Furthermore,
LBRE6901 could inhibit DSS-induced intestinal inflammation by preventing
the overproduction of pro-inflammatory cytokines, improving gut barrier
function, and increasing the concentrations of short-chain fatty acids
(SCFAs). Furthermore, LBRE6901 grew well in the conditions for kimchi
fermentation. When LBRE6901 was used as a starter for baek kimchi
fermentation, 1H-NMR analysis showed LBRE6901 produced very similar
metabolites compared to Leuconostoc mesenteroides DRC1506, a positive
control. Similarly, in sensory evaluation, LBRE6901 did not significantly
change the quality of baek kimchi. Taken together, L. reuteri EFEL6901 can
be used as a probiotic starter with health-promoting activities in kimchi
fermentation.
Keywords: Probiotic, Limosilactobacillus reuteri, health promoting activities
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Development of DNA-Free Genome Editing Technology for
Knock-Out of Dextransucrase Gene in Leuconostoc
citreum Using CRISPR-Cas9 System

Improving Gut Barrier Function of a Starter,
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Limosilactobacillus fermentum is a Gram-positive species in the
heterofermentative genus. Strain is commonly found in fermenting animal
and plant material including sourdough and cocoa fermentation. L.
fermentum can play important roles in fermented food not only for health
benefits, but also for better flavor by producing volatile compounds. The
aim of this study was to evaluate the probiotic characteristics and
functionality of L. fermentum EFEL. For this, stability to gastrointestinal
conditions (acid and bile tolerance, adhesion to intestinal epithelial cells),
safety analysis (hemolytic activity, biogenic amine gene, antibiotic
resistance), and health-promoting functionalities were evaluated. As the
results, L. fermentum EFEL showed high tolerance to acid (pH 3.0) and bile
salt conditions but low adhesion ability to epithelial Caco-2 cells. In the
safety analyses, the strain did not exhibit hemolytic activity, biogenic amine
gene, and antibiotic resistance. In addition, the strain has potential for gut
barrier functionality as it increases transepithelial electrical resistance
(TEER) across the Caco-2 cell monolayer. In conclusion, L. fermentum
EFEL is regarded as safe for use in food and as a potential probiotic for
improving gut barrier function.

Leuconostoc citreum has been used as a starter culture for industrial kimchi
fermentation in Korea. This bacterium synthesizes exopolysaccharides
(dextran) by dextransucrase, which have numerous applications in food
and pharmaceutical industries. However, dextran synthesis often causes
obstacles in fermented foods such as undesired ropiness of kimchi and in
biotechnolo gy such as increased viscosity of medium making it difficult to
purify proteins. The aim of this study was knock-out of the dextransucrase
gene in L. citreum by employing DNA-free genome editing tools of CRISPRCas9 system. For this, preassembled Cas9 protein and sgRNA targeting
dextransucrase gene were transformed into competent cells of L. citreum by
electroporation. As result, mutants were successfully obtained on sucrose
agar medium which do not produce dextransucrase or dextran. In sequen
cing analysis, one nucleotide in the mutant DNA was deleted, and it resulted
in gene knock-out by a frame shift. When the mutant strain was inoculated
as a starter in kimchi (dongchimi), the fermentation characteristics such as
viable cell counts, pH, and metabolites were not significantly different
(p<0·01) compared to the wild type strain. Whereas dextran content in
dongchimi inoculated with mutant strain was significantly decreased and
alternan was produced after fermentation. This study highlights that DNAfree genome editing tools using preassembled Cas9 and sgRNA can be used
to successfully knock-out target gene in L. citreum.

Keywords: Probiotic, gut barrier function, Limosilactobacillus fermentum
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Protein in breast milk is decomposed to amino acids by lactic acid bacteria
from breast milk and is absorb to baby easily. Babies are hard to digest and
absorb protein nutrition. A2-beta casein protein contains proline in the 67th
amino acid sequence, so it does not produce beta-casomorphine (BCM-7)
even when hydrolyzed in the body. For this reason, allergies and lactose
intolerance do not appear when milk containing a2 beta-casein is consumed.
A2 beta-casein has a similar structure to breast milk protein and is therefore
used in commercial applications such as milk powder. Aminobiotics is a
postbiotics containing a2 beta-casein, which is a product made easy to
absorb by decomposing breast milk proteins with probiotics from breast
milk. Decomposed proteins can improve protein deficiency in people who
cannot normally decompose and absorb proteins. As a result of analyzing
the degree of a2 beta-casein protein decompostition of probiotics, it was
found that probiotics from breast milk had higher decomposition activity of
a2 beta-casein protein than that of general probiotics. Postbiotics containing
a2 beta-casein have higher immuno-stimulatory and immonomodulatory
acitivity compared to controls that do not contain beta-casein, and have a
comparative advantage in antioxidant activity.

This study aims the optimization of culture conditions for the bacterioruberin
production and the evaluation of antioxidant properties produced by
Halorubrum sp. MBLA0099. One-factor-at-a-time and a statistically-based
response surface methodological designs were applied to assess the influence
of selected compositions for the optimized culture media. The optimized
culture conditions finally contained 205 g L–1 of NaCl, 7.81 g L–1 of yeast
extract, 2.0 g L–1 of sucrose, 35 g L–1 of MgSO4·7H2O, 4.0 g L–1 of KCl, 0.5 g
L–1 of NaBr, 0.2 g L–1 of NaHCO3, 1.0 g L–1 of CaCl2·6H2O, and adjusted to
initial pH 8.0. The bacterioruberin production level showed a 2.48-fold
increase compared to un-optimized conditions. In large-scale fermentation,
the culture of optimal conditions achieved a maximal bacterioruberin
productivity of 6.05-times increased. The antioxidant property of
bacterioruberin produced by Halorubrum sp. MBLA0099 was evaluated by
both of in vitro and in vivo assay. The extracted bacterioruberin showed the
highest antioxidant capacity compared to other C40 carotenoids. These
results suggest that the bacterioruberin from Halorubrum sp. MBLA0099
can be applied to be a useful antioxidant for diverse bio-industrial fields.

Keywords: Postbiotics, a2 beta-casein, probiotics
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Isolation and Characterization of the Exopolysaccharide
Producing Lactic Acid Bacteria from Green Onion Kimchi

Characteristics of Doenjang (Soybean Paste) Fermented
with Multiple Starters Including Tetragenococcus
halophilus CY54
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Lactic Acid Bacteria (LAB) isolated from green onion kimchi were screened
for exopolysaccharides (EPS) production. Three lactic acid bacteria were
able to produce EPS when grown on MRS with 5% sucrose (no glucose).
The selected strains were identified as Weissella confusa SKP 173, Weissella
cibaria SKP 182, and Leuconostoc citreum SKP 281 by 16S rRNA sequencing.
The amounts of freeze-dried EPS were 21.27 g/L, 18.53 g/L and 15.4 g/L,
respectively. Total sugar contents were 64.39, 62.84, and 65.16% (w/w),
respectively while the protein contents were 0.33, 0.31, and 0.25% (w/w),
respectively. The monosaccharide composition of the EPS produced by W.
confusa SKP 173 and W. cibaria SKP 182 contained only glucose, while EPS
produced by L. citreum SKP 281 contained glucose and glucitol. The
viscosity of the 2% freeze-dried EPSs solution were calculated to be 9.60,
8.00, 8.20 cP(centipoise), respectively while the viscosity of the 5% sucrose
medium cultured by W. confusa SKP 173, W. cibaria SKP 182 and L. citreum
SKP 281 were calculated to be 92.98, 57.19, 18.8 cP respectively. Structural
characterization of EPSs showed typical carbohydrate peaks. It suggested the
EPS was α-configuration of pyranose saccharide with α-(1,6) and α-(1,3)
glycosidic linkages.

Tetragenococcus genus strains are moderately halophilic homofermentative
lactic acid bacteria that grow in 18% NaCl or greater and are frequently
found in salted fermented foods such as fish sauce and soy sauce. In this
study, three different Doenjang samples were prepared: Doenjang 1 was
prepared with four starters (T. halophilus, Z. rouxii, A. oryzae, and B.
subtilis), Doenjang 2 was prepared with three starters (Z. rouxii, A. oryzae
and B. subtilis), and Doenjang 3 was prepared with a single starter (B.
subtilis KACC16750) and used as a control. The three Doenjang samples
were fermented for 16 weeks at 25℃. The moisture content, salinity and the
number of viable cells were maintained in the range of 52.58-56.51%,
9.87-10.48% and 7-8 log CFU/g in all three samples, respectively. As the
fermentation progressed, the pH decreased and the TA gradually increased.
Crude protein and crude fat contents did not show significant changes.
Crude fiber was decreased whereas crude ash was increased. The reducing
sugars were decreased and then increased, and Doenjang 1 showed the
highest value. Doenjang 1 showed higher values in ANN and VBN, and
Doenjang 3 showed higher values in AMN. These results suggest that
Tetragenococcus strains might be used as a starter for Doenjang and can
promote fermentation process.

Keywords: Exopolysaccharides (EPS), Weissella, Leuconostoc
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Quantification of Natural Toxin, Ptaquiloside Using
QuEChERS by Liquid Chromatography-Tandem Mass
Spectrometry in Bracken (Pteridium aquilinum), Dairy
Product and Meat
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Development of a Quantification Method for the
Identification of Ricinine, Natural Toxin in Foods by
QuEChERS and LC–MS/MS Analysis
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The rapid and reliable method for the quantitative analysis of 3-cyano-4methoxy-N-methyl-2-pyridone (ricinine) in foods was developed and
validated using QuEChERS and liquid chromatography-tandem mass
spectrometry. The QuEChERS method uses buffered acetonitrile for
extraction and dispersive sorbents for clean-up. The chromatographic
separation of analyte was achieved with a C18 column (Kinetex 2.6 μm; 100 Å;
2.1×100 mm) and gradient elution (0.1% formic acid in deionized water and
0.1% formic acid in acetonitrile) within a short analysis time of 5.0 min at a
flow rate of 0.5 mL/min. Mass spectrometry detection was carried out in
positive electrospray ionization mode by multiple-reaction monitoring scan
and the precursor-to-product ion transitions of m/z 165>138 was used to
quantify ricinine. The following parameters were evaluated on the method
validation: specificity, linearity, LOD (limit of detention), LOQ (limit of
quantification), precision, accuracy. The calibration curve was linear over
the concentration range from 50 to 1000 μg/kg (r2> 0.995). The intra-day
and inter-day precisions were less than 15%, and the accuracy were within
80–120%. The LOD was ≤ 8.9 μg/kg and the LOQ was ≤ 26.9 μg/kg.

Ptaquiloside (PTA) is a natural toxin that occurs in bracken. This study
aimed to assess its risk by identifying and quantifying PTA in commercial
products. The rapid and sensitive method for the quantitative analysis of
PTA in bracken, dairy products and meat was developed using QuEChERS
and liquid chromatography-tandem mass spectrometry. The chromatographic
separation was performed on a C18 column (Kinetex 2.6 μm; 100Å; 2.1×
100 mm) coupled with a triple quadrupole mass in MRM (multiple reaction
monitoring) mode using the transition m/z 399 → 181 for the quantitation of
PTA within 5 min. The method was validated in terms of selectivity,
linearity, limit of detection (LOD), limit of quantitation (LOQ), matrix
effects, intra-day and inter-day accuracies, precisions and recovery. The
calibration curve ranged from 0.1 to 50 μg/kg with good linearity (r2> 0.995).
The LOD was 0.03 μg/kg and the LOQ was 0.09 μg/kg. The intra-day and
inter-day accuracy were within 80–120% and precisions were less than 15%.
For the matrix effect, three matrices were compared, and it was confirmed
that there was no significant difference between the matrices. The recovery
was evaluated by repeating analysis 3 times at three QC levels, and showed
consistency and reproducibility.

Keywords: 3-cyano-4-methoxy-N-methyl-2-pyridone (ricinine), QuEChERS,
LC–MS/MS
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The foodborne pathogen Listeria monocytogenes has been intensively
studied in North America and Europe but has attracted little attention in
South Korea; however, there is an urgent need for examining the ecology
and genetic features of L. monocytogenes strains from South Korea given the
first listeriosis outbreak in South Korea in 2018 and the 2019 USA outbreak
caused by enoki mushrooms imported from South Korea. In this study, we
compared the whole genome sequences of three strains (SNU07, SNU08,
and SNU27) that represent dominant pulsotypes in 150 L. monocytogenes
isolates obtained in 2004 from chicken carcasses in Seoul, South Korea.
SNU07 and SNU08 (CC9 ST9) differed mainly in prophage regions and
only SNU07 harbored a plasmid. SNU27 (CC24 ST224) possessed Listeria
pathogenicity island 3 that increases virulence by modulating gut microbiota.
All three strains harbored arsenic resistance genes including those in the
plasmid of SNU07 and in Listeria genomic island 2 of SNU08. Our findings
indicate that L. monocytogenes population in South Korea possesses various
accessory genes implicated in virulence and environmental fitness, some of
which might have been regionally adapted.

Bacillus licheniformis is a Gram-positive, spore-forming bacterium that has
been responsible for milk and dairy product spoilage. B. licheniformis is also
one of the major contaminants in food ingredients and some toxigenic
strains of this species even occasionally cause food poisoning. To control B.
licheniformis, we isolated two bacteriophages, G73YL and G77YL, from soil
of the Gyeongchun Line Forest Trail, Seoul. Both G73YL and G77YL
specifically infect B. licheniformis, producing clear and large plaques.
Among seven B. licheniformis strains in the lab, G77YL infects five strains,
but G73YL kills three strains, including two that G77YL could not infect.
Transmission electron microscopy (TEM) showed that both phages are
similar in size and morphology, belonging to the Siphoviridae family. We are
now investigating genomic characteristics of the two phages. Our study can
be used for the development of novel biocontrol and detection agents
against B. licheniformis.
Keywords: Bacillus licheniformis, bacteriophage, biocontrol agent
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Tracking the Microbiota along the Dairy Processing
Stages in Small-Scale Dairy Plant

Effect of Biofilm Formation by Antibiotic-Resistant
Gram-Negative Bacteria in Cold Storage on their Survival
in Dairy Processing Lines
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Bacterial community in bovine milk may cause cross-contamination along
the dairy chain and affect the quality of dairy product. Here, we applied both
culture-dependent and culture-independent approach to investigate the
dynamics of dairy microbiota in small-scale dairy plant. We identified the
contamination level of indicator bacteria such as aerobic microbes and
coliforms. We also isolated bacteria from the collected samples to identify
the distribution of resident flora in a small-scale dairy plant. 16S rRNA
sequencing is performed to identify the taxonomy composition including
non-culturable bacteria. As a result of culture-dependent analysis, the
indicator bacteria and psychrotrophic bacteria were dominant in raw milk
and cheese samples. They diminished after pasteurization but still distributed
in environment and post-pasteurization stages. Metagenomic analysis also
showed the dominance of psychrotrophic bacteria along the dairy processing
stages. The abundance of psychrotrophic bacteria decreased after pasteuri
zation but still remained (88.3% < 35.7%) which is consistent with the result
of culture-dependent analysis. This study improves the understanding of
microbiota along the environment in small-scale dairy plant so that the food
safety can be enhanced.

Antibiotic-resistant gram-negative bacteria such as Acinetobacter spp.,
Pseudomonas spp., and Enterobacteriaceae are considered psychrotrophic
bacteria and have been implicated in the spoilage of milk and dairy products.
Transfer and survival of antibiotic-resistant gram-negative bacteria in dairy
products through biofilms may affect the food quality and pose a significant
threat to food safety. Here, we identified 34 gram-negative isolates in 20
different species from dairy plants in Korea. Most isolates (82.4%) were
resistant to one or more antibiotics. Biofilm formation ability of the bacterial
strains at 5℃ increased with the exposure time. With regard to heat
tolerance, cells in biofilms remained viable under heat treatment, whereas all
planktonic cells of the selected strains died. Likewise, expression of the heat
stress-related genes significantly increased with heat treatment in biofilms
but mostly decreased in planktonic cells. Our findings suggest that biofilm
formation during storage conditions may improve the tolerance of antibioticresistant gram-negative bacteria to pasteurization, increasing their persistence
in dairy processes. This study may contribute to the understanding of how
these bacteria persist in dairy processes during pasteurization.

Keywords: Small-scale dairy plant, psychrotrophic bacteria, microbiome
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Staphylococcus aureus is an opportunistic human pathogen that causes
frequently foodborne diseases. We carried out a high throughput screening
to identify novel biofilm inhibitors of S. aureus using the 680 natural
compounds library. The crystal violet staining on biofilm formation and its
optical density revealed the effect on biofilm inhibition and dispersion.
Among them, 10 candidates showed an anti-biofilm activity significantly
(>80%). The medium supplemented with 6 candidates including daucosterol
induce dispersion of pre-formed biofilm (>60%). However, the treatment of
daucosterol did not show the growth defect of S. aureus. Therefore, these
results suggest that daucosterol effectively can be used to prevent and remove
the biofilm produced by S. aureus.

Glycogen has slow digestive characteristics in the host and is used as an
energy source. In this study, changes in mouse gut-microbiota due to intake
of glycogen accumulated yeast (GAY) were investigated. Observed OTUs
showed no significant difference among food type or diet period, whereas
Chao 1 of 30% GAY (high producing glycogen mutant strain) group were
significantly lower than 0% GAY group at the same times. Bacteroidetes and
Firmicutes were predominant phyla. Bacteroidetes showed lower abundance
in 0% GAY than in 30% GAY. However, Verrucomicrobia abundance showed
a significant decrease depending on GAY concentration. In 30% GAY,
Bacteroides showed lower abundance, whereas Bacteroidales S24-7 group_
ucb showed higher abundance. 30% GAY significantly decreased the relative
abundance of Verrucomicrobiae comparing to 0% GAY. At the genus level
composition, Bacteroides showed a higher abundance in 30% GAY diet
group of 0 day, whereas Bacteroidales S24-7 group_ucb were dominant in
the same group after 14 days. Those are known as strongly linked to
butyrate-producing bacteria. Therefore, the intake of GAY is potentially
expected to induce positive changes in gut microbiota related with the
metabolic diseases.

Keywords: Staphylococcus aureus, antibiofilm, natural compound
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The Antibiotic Resistance Profile of Klebsiella pneumoniae
Isolated from Brassica oleracea L.

Identification and Characterization of Clostridium
perfringens Bacteriophage Dolk21 and Its Endolysin
PlyDolk21
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Brassica oleracea L. (kale) leaves are a vegetable widely consumed as a raw
salad and have been associated with food poisoning. For better understanding
of microbial community structure, 16S rRNA genes of microbiota were
amplified and sequenced. Various genera including Citrobacter, Escherichia,
Klebsiella, Pantoea, and Serratia were dominant and potential pathogens
such as ETEC (11.66%), K. pneumoniae (33.33%), P. aeruginosa (26.66%),
and S. aureus (5.33%) were also detected. From kale samples, 13 K.
pneumoniae were isolated and the antimicrobial resistance (AMR) genes
were amplified. The detection rate of the plasmid and chromosomemediated AMR genes were 23.07% and 49.72%. AMR genes were successful
in transmission of some transconjugants (50% and 83.33%). MICs of
isolated K. pneumoniae and conjugated E. coli ranged from 0.025 to 5 ug/mL.
This study can provide insights into the managing process of raw vegetables.

Clostridium perfringens is a Gram-positive, spore-forming bacterium found
in soil and the intestinal tracts of humans and animals. Due to its sporeforming property, rapid growth, and the ability to produce various toxins, C.
perfringens is one of the most common bacterial agents for food poisoning
and gas gangrene. To control C. perfringens, we isolated a bacteriophage
Dolk21 from soil sample of Bucheon city, Korea. Dolk21 produced clear
plagues on the lawn of 4 out of 21 C. perfringens strains tested, indicating its
narrow host range. Transmission electron microscopy (TEM) showed that
Dolk21 belongs to the Myoviridae family, having a head of 74.49±3.40 nm
(n=13) and a tail of 155.74±8.24 nm (n=12). Genomic analysis showed that
Dolk21 has 52,590 bp linear DNA with an average GC content of 32%,
containing 71 open reading frames. Its endolysin, PlyDolk21, harbors
amidase_2 domain (PF01510) at the N-terminus and SH3_3 domain
(PF08239) at the C-terminus. While the C-terminal region of PlyDolk21 is
almost identical (97% identity) to a cell wall binding domain of C.
perfringens phage endolysin LysCPAS15, its N-terminal catalytic amidase
domain showed little homology to that of LysCPAS15, suggesting that
PlyDolk21 is worth studying. We are now studying the lytic activity of
recombinant PlyDolk21 and its catalytic domain alone for the development
of novel biocontrol agents against C. perfringens.

Keywords: Kale, Klebsiella, antimicrobial resistance
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Identification of the Distribution and Toxin Productivity of
Fungi in Meju and Airborne Fungi

EGFP-Fused Tail Spike Protein from Phage phiV10 as
a Promising Bioprobe for Specific Detection of E. coli
O157:H7
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Escherichia coli O157:H7 has been associated with life-threatening diseases
such as hemolytic uremic syndrome in humans. The development of E. coli
O157:H7-specific probes are essential for the accurate detection of this
pathogen. Although many detection systems are based on monoclonal
antibodies, the production of antibodies is laborious and expensive. Here,
we developed engineered phage tail spike proteins (TSP) for the detection of
this pathogen. E. coli O157:H7-specific phage phiV10 uses TSP to binds to
O-antigen of the lipopolysaccharide of its host and cleaves it simultaneously
during the first step of infection. To utilize the TSP as a bioprobe, we deleted
the N-terminal head domain and point-mutated the catalytic residues of
phiV10TSP (mV10TSP). While wild-type TSP did not show any binding
activity, mV10TSP demonstrated great binding ability toward its host and
exhibits high specificity against E. coli O157:H7 among various bacteria
including other E. coli O-serogroups. To facilitate TSP-based detection,
we fused mV10TSP with enhanced green fluorescent protein (EGFPmV10TSP). EGFP-mV10TSP demonstrated dose and time-dependent
binding activity, and was able to detect E. coli O157:H7 at the concentration
of approximately 104 CFU/mL in 30 min. Also, EGFP-mV10TSP was capable
to bind to E. coli O157:H7 cells within various food matrices, including
milk, apple juice and ground beef, indicating its potential application in real
samples.

Fungi are key microorganisms for the fermentation of meju. The purpose of
this study is to identify the distribution of fungi in meju, analyze the
relationship between fungal distribution in the meju and the distribution of
airborne fungi in meju manufacturing plants, and characterize the
mycotoxin-producing ability of fungi in meju. To test these, we performed
both metagenome analysis and culture-based analysis. We found that the
dominant species are Aspergillus species, which produce green or yellow
spores in both meju and the manufacturing plants. We then checked the
mycotoxin production for several fungal species. We found that all tested
fungi did not produce aflatoxin B1, which is the most carcinogenic
mycotoxin. Taken together, we propose that the distribution of airborne
fungi in meju manufacturing plants can affect the fermentation of meju.
Keywords: Meju, Aspergillus oryzae, aflatoxin
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Performance of Humidity-Robust Tailed Salmonella
Typhimurium-Specific Phage on a Surface-Scanning
Magnetoelastic Biosensor

Effectiveness of a Lytic vB_PcaS_KFSPCC Phage Infecting
Pectobacterium carotovorum in Lettuces

Yu-Bin Jeon, Hwa-Eun Lee, So-Hui Park, Si Eun Kang, and
Mi-Kyung Park*

School of Food Science and Biotechnology, Kyungpook National
University, Daegu 41566, Republic of Korea
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Pectobacterium carotovorum subsp. carotovorum (PCC) is one of important
pathogen deteriorating the overall quality of fresh produces. A lytic phage is
known as an attracting biocontrol agent owing to various advantages. The
purpose of this study was to isolate and characterize PCC-specific phage
(vB_PcaS_KFSPCC) from thirty-four agricultural samples, and to investigate
its effectiveness as a novel biocontrol agent. The lytic phage infecting PCC
was isolated and purified from agricultural soils in Korea. The specificity of
phage was determined against 13 PCC strains and 21 non-PCC strains
including foodborne pathogens. The stability was assessed by measuring the
phage concentration after exposure to UV or six agricultural antibiotics. The
bactericidal activity of phage was assessed by in vitro bacterial challenge
assay at MOIs of 0.01 to 10. The phage was applied on lettuce inoculated
with PCC at MOI of 0.01 for evaluation of its efficacy. vB_PcaS_KFSPCC
was isolated and purified from soil with a final concentration of 7.6×
1011 PFU/mL. It showed a narrow specificity and exhibited high stability to
UV and five agricultural antibiotics by sustaining its concentration above
93% after exposure. A potent bactericidal effect was found with the PCC
reduction up to 5.5 logs at MOI of 0.01 after 3-h treatment and its duration
was persistent during 27 h. These results suggested that vB_PcaS_KFSPCC
had a great effectiveness as a novel biocontrol agent.

Filamentous E2 phage as bioreceptor on a surface-scanning magnetoelastic
(ME) biosensor is problematic for rapid, on-site detection of Salmonella
Typhimurium (ST). Since FST phage requires 95% relative humidity (RH)
with a bulky humidifier for optimal binding with ST, humidity-robust phage
for overcoming the requirement is needed. Therefore, the aim of this study
was to investigate the feasibility of a tailed ST-specific (TST) phage to replace
FST phage for ST detection under ambient RH. TST phage was previously
isolated from washing water in a poultry processing facility and purified. To
investigate humidity-robustness of TST phage, TST phage-immobilized
sensor was exposed to ST under 25%, 50%, 75%, or 100% RH. To compare
the performance of both phages on the ME biosensor, each phageimmobilized sensor was employed on chili pepper inoculated with various
concentrations of ST under ambient RH. The resonant frequency shift
measured (Δfmeasured) was obtained by subtracting before and after binding
ST. The bacterial density on the sensor was confirmed by SEM. TST phage
showed excellent ST-binding capability at 50% RH. As concentration of
ST increased, Δfmeasured of TST phage- or FST phage-immobilized sensor
increased in a dose-response manner. The sensitivity of TST phage was
significantly greater than that of FST phage (p<0.05). The detection limit of
TST phage was lower than that of FST phage. The bacterial density captured
by TST phage was significantly greater than that of FST phage (p<0.05). This
study demonstrated that humidity-robust TST phage can detect ST with
excellent capturing capacity and sensitivity under ambient RH.

Keywords: Phage, Pectobacterium carotovorum, biocontrol agent

Keywords: Humidity-robust, phage, surface-scanning coil
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Prevalence and Characterization Analysis of Campylobacter
spp. from Poultry in South Korea, 2017-2021

The Development of Detection Methods of Hepatitis A
Virus from Drinking Water
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In Hepatitis A virus (HAV) is a serious public health issue in water or
foodstuffs. In this study, to overcome the limitation of low virus con
centration in drinking water, three of methods were used for concentrating
virus from small amount of water (1 liter). Method I was modified norovirus
detection method in Korea Food Code. Filtration was conducted using
charged filters, and 1.5 % beef extraction buffer (pH 9.5). The concentration
was also used twice using organic flocculation and ultrafiltration for Method
I. Method II was used InnovaPrep® protocol using concentrating filter.
Method III was followed ISO 15216-1 intentional standard method using
positive membrane filter and TGBE buffer (pH 9.5). Furthermore,
concentration of the method III was conducted using ultrafiltration. The
viral detection was confirmed by RT-qPCR, and conventional RT-PCR. As a
result, detection efficiency of method III was showed the higher than
method I and method II. Especially it was confirmed that the detection limit
of HAV was 100 copies per liter at the method III. The results of this study
might be expected detection of foodborne viruses from a small amount of
drinking water as well as applied the others foodborne viruses.

In this study, we reported prevalence and characterization of Campylobacter
spp. from poultry in South Korea during 2017–2021. A total of 2,787
samples (2,339 domestic samples, 448 imported samples) were collected
from retail markets. Domestic samples were 1,474 chicken meats and 865
duck meats, imported samples were 448 chicken meats. Antimicrobial
susceptibility testing was performed for all isolates using antibiotic panel
with 8 antimicrobial agents. A total of 53 Campylobacter strains were
isolated from 49 domestic (27 C. coli, 22 C. jejuni) and 4 imported samples
(3 C. coli and 1 C. jejuni). The overall prevalence of C. coli and C. jejuni was
0.31% (n=6) and 0.26% (n=5) in chicken meats, respectively. In contrast, the
overall prevalence of C. coli and C. jejuni was 2.77% (n=24) and 2.08%
(n=18) in duck meats, respectively. C. coli observed high-level resistance for
ciprofloxacin (96.7%), nalidixic acid (93.3%) and tetracycline (56.7%). Also,
C. jejuni was resistant to ciprofloxacin (73.9%), nalidixic acid (56.5%) and
tetracycline (26.1%). Diffusion of antimicrobial resistant Campylobacter
spp. in retail market would cause public health problem. It is necessary to
continuously conduct monitoring of antimicrobial resistance for establishment
of the national antibiotic reduction policies.

Keywords: Foodborne viral pathogen, hepatitis A virus, drinking water
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Isolation and Characterization of Two Bacteriophages
that Infect Foodborne Pathogen Escherichia coli O157:H7

Whole Genome Resequencing Analysis for Identification
of Bacteriophage Receptor on Vibrio parahaemolyticus

Minjin Oh and Byoung Sik Kim*
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Department of Food Science and Biotechnology, ELTEC College of
Engineering, Ewha Womans University, Seoul 03760, Republic of Korea
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Pathogenic Escherichia coli is a major foodborne pathogen, and especially E.
coli O157:H7 can cause serious illnesses like hemolytic colitis and hemolytic
uremic syndrome. In recent years, consumption of raw vegetables has been
linked to several food poisoning outbreaks associated with E. coli O157:H7.
Moreover, broadly spread antibiotic resistance among pathogenic bacteria is
also of concern for this pathogen. Here, we isolated two E. coli O157:H7
infecting bacteriophages, PECP14 and PECP20, from environmental and
sewage samples. Transmission electron microscopic analysis revealed that
the PECP14 and PCEP20 belong to the Siphoviridae and Myoviridae family
respectively. Both phages were stable in a broad range of pH(pH 3-11) and
temperature(4-50℃) conditions and have a circular DNA chromosome.
Notably, PECP14 and PECP20 target distinct host receptors, BtuB and LPS
respectively, and could infect other foodborne enteric pathogens such as
Shigella sonnei and S. flexneri. All together, these phages and their cocktail
have a potential to be used as sustainable food preservatives or alternative
antimicrobials controlling E. coli O157:H7 in fresh produce like sprouts and
sprout powder.

Due to the frequent emergence of antibiotic-resistant bacteria, bacteriophages
are now considered as an alternative biocontrol agent. However, bacteria can
protect themselves against phage attack through various defense mechanisms,
among which is the inactivation of phage receptors. Therefore, identification
of phage receptor is crucial for understanding bacteria-phage interactions
and exploring phage therapy. Here, we adapted whole genome resequencing
analysis to identify receptor related genes in Vibrio parahaemolyticus that is
required for the adsorption of phage VPT02. Through a high-titer spotting
assay, four resistant V. parahaemolyticus mutants against the VPT02 treat
ment were isolated. Compared to the wildtype strain, these mutants exhibited
nucleotide changes in ktrB and/or flaB/D genes. This result suggests that
the Ktr potassium transporter system and/or polar flagellin B/D of V.
parahaemolyticus might be a host receptor for the phage VPT02. Further
investigations are required to verify the receptor protein(s) and characterize
its molecular interactions with a receptor binding protein on the VPT02
virion.
Keywords: Bacteriophage, receptor, Vibrio parahaemolyticus
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Ultraviolet-C Efficacy against Human Coronavirus 229E
on Various Food Contact Surfaces and Foods

Fungal Composition Analysis and Enzyme Activity Test in
Fermented Meju
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This study investigated the effects of Ultraviolet-C (UV-C) irradiation for
inactivation of Human Coronavirus 229E (HCoV-229E), which is a surrogate
of Severe Acute Respiratory Syndrome Coronavirus-2 (SARS-CoV-2), on
food contact surfaces (FCSs; stainless steel and polypropylene) and foods
(lettuce, chicken breast and salmon). FCS samples (1 cm in diameter) and
food samples (1×1 cm for lettuce, 5×5×5 mm for chicken breast and salmon)
were inoculated with a 50-μL aliquot of HCoV-229E. The initial titer was
6.7 log10TCID50/mL. For the UV-C treatment, FCS samples were irradiated
at 15, 30, 45, and 60 mJ/cm2 and food samples were irradiated at 60, 300,
600, and 900 mJ/cm2. The viral titers were under detection limit (detection
limit: 1.0 log10TCID50/coupon) on FCSs at 60 mJ/cm2. There was a 1.39 log10
reduction in HCoV-229E on lettuce at the maximum dose of UV-C
(1800 mJ/cm2). Viral titers at the UV-C dose of 900 mJ/cm2 were 2.29
(2.19 log10 reduction) and 4.38 (1.18 log10 reduction) log10 TCID50/mL on
chicken breast and salmon, respectively, without quality changes (p>0.05).
This study suggests that UV-C irradiation can be an effective inactivation
method of HCoV-229E on FCSs and foods.

This study aims to identify changes in the distribution of fungi in fermented
meju by separating the fungi from meju extracted during fermentation and
meju extracted after fermentation obtained from a traditional soy sauce
manufacturer in Gyeongsangbuk-do, and to obtain fermented fungi with
excellent safety of enzymes. We randomly isolated 100 fungi from each meju
sample and grouped them according to the phenotype and selected three
representative strains from each group. As a result of identification, it was
found that strains such as Aspergillus oryzae, Aspergillus chevalieri, and
Lichtheimia ramosa were distributed. We checked the ability to produce
aflatoxins in the dominant Aspergillus species and found that there were no
genes involved in the production of aflatoxins. As a result of confirming the
activity of the fungi, it shows that the amylase activity was high in the C
group of each meju and the A group’s protease activity was the highest.
These groups are non-toxic A. oryzae, and multi-strains produced by
mixing them is expected to be suitable for the use of meju inoculation fungi.

School of Food Science and Biotechnology, Kyungpook National
University, Daegu, Korea, 2Department of Integrative Biology, Kyungpook
National University, Daegu, Republic of Korea
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Evaluation and Optimization of Molecular Biological
Method for Detection of Campylobacter jejuni and
Campylobacter coli in Food Products

A Study on the Development of Alternative Positive
Control Strain Used for Microbial Assay
Yusi Lee, Eun Sook An, Byeong Joon Kim, Yongchjun Park, and
Soon Han Kim*

Kyoung Min Gwak, Man-Seok Choi, Eun Jeong Heo*,
Sun Young Hwang, Eun Sook An, Ji Hye Jeon, A young Min,
Mi-Gyeong Kim, Yongchjun Park, and Soon Han Kim
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Food Microbiology Division, National Institute of Food and Drug Safety
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Republic of Korea

Korean Culture Collection for Foodborne Pathogens (KCCF) is a microbial
resource bank that collects food poisoning resources isolated from food and
the environment. Positive control strain is very important for microbial
assay of proper quality control. However, most strains for the microbial
assay originates from foreign resources such as American Type Culture
Collection (ATCC). Thus, we aimed to analyze domestically isolated micro
bial resources from the KCCF to replace the ATCC strain. Staphylococcus
aureus ATCC 6538 is used as positive control strain in the Korean and ISO
method for the microbial assay. A total of 287 strains from the KCCF were
collected, and biochemical properties and molecular characterization, as
well as genetic homology using whole genome sequencing (WGS) were
investigated. All strains were same biochemical properties as the positive
control strain for mannitol, glucose, catalase and coagulase activity. Among
them, 76 strains had similar molecular characteristics (femA gene) as the
positive control strain. The genetic homology between S. aureus ATCC
6538 and MFDS 1000962 were significantly higher than other candidate
strains Accordingly, the isolate (MFDS 1000962) selected in this study can
be used instead of the imported positive control strain (ATCC 6538).

Campylobacter jejuni and Campylobacter coli is one of the major food borne
pathogen worldwide. Rapid and accurate laboratory method is important to
detect C. jejuni and C. coli in food products. The screening real-time PCR of
‘MFDS’s Food Poisoning Investigation Methods’ and ‘German Food and
Feed Code’ is used to quickly detect of C. jejuni and C. coli. To improve the
detection method of C. jejuni and C. coli, we evaluated targeting mapA for
C. jejuni and ceuE for C. coli for screening and confirmation test. The
primer specificity test was evaluated using 14 type strains and 19 isolated
strains including C. jejuni, C. coli and other food borne pathogens. For
comparison of culture and real-time PCR, we inoculated C. jejuni and C.
coli strain with several concentrations (10–2~101 CFU/25 g) in four different
foods and incubated according to Korean Food Code. As a result, the
specificity of real-time PCR assay to detect mapA and ceuE were confirmed
to be 100%. The detection limit of real-time PCR showed same or relatively
lower than cultural method at four different food s(p>0.05). Therefore, this
method is applicable for accurate and rapid detection of C. jejuni and C. coli
in food products and currently registered in the Korean Food Code.

Keywords: Staphylococcus aureus, alternative strain, microbial characteristic
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Development of Predictive Growth Models of
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Cryptosporidium parvum (Cp) is a major cause for a gastro-intestinal
disease called Cryptosporidiosis. The C. parvum Inosine 5′monophosphate
dehydrogenase (CpIMPDH) was prioritized as the best drug target because
the parasite highly depend on it for its purine salvage pathway. In the present
study, 37 known urea-based congeneric compounds were used to build a 2D
and 3D QSAR model against CpIMPDH. The built models were validated
based on OECD principles. A deep learning model was adopted from a
framework called Deep Purpose. The model was trained with 288 known
active compounds and validated using a test set. From the training set of the
3D QSAR, a pharmacophore model was built and the best pharmacophore
hypotheses were scored and sorted using a phase-hypo score. A phyto
chemical database was screened using both the pharmacophore model and
a deep learning model. The screened compounds were considered for glide
XP docking, followed by quantum polarized ligand docking. Finally, the best
compound among them was considered for molecular dynamics simulation
study.

The aim of this study was to develop predictive growth models of
Enterohaemorragic Escherichia coli (EHEC) and Salmonella spp. in meal kit
(Shabu-Shabu meal kit). Samples were inoculated with EHEC and
Salmonella spp., respectively, and stored at 7, 15, 25, 30 and 37℃ to observe
the behavior kinetics of EHEC and Salmonella spp.. The μmax[maximum
specific growth rate] and LPD [lag phase duration] were calculated based on
Baranyi model as the primary model. The secondary models were developed
as a function of temperature for μmax and LPD using squre root model and
polynomial equation. As the temperature increased, the μmax increased and
LPD tended to decrease. In addition, root mean square errors (RMSE) were
analyzed to evaluate the suitability of the mathematical models, and the
models were considered suitable when the value of RMSE was less than 1.
The predictive growth models demonstrated 0.4 RMSE for EHEC and 0.33
for Salmonella spp., respectively. The models we developed can provide
useful data as an input model for microbial risk assessment in meal kit.

Keywords: CpIMPDH, deep learning, MD simulation
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Survivability of Human Coronavirus 229E on FoodContact Surfaces and Foods at Various Temperatures

Characterization of Endolysin LysPBCC Lysing Foodborne
Pathogen Bacillus cereus
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The wide spreading of drug-resistance in various bacteria has urging the
development of antibiotic alternatives. Endolysin, a bacteriophage-derived
cell wall hydrolase, is now being spotlighted as the promising alternatives.
Here, we identified a novel B. cereus-degrading endolysin LysPBCC from
phage PBCC01. LysPBCC showed a broad lytic spectrum against the genus
Bacillus, and was also active in other foodborne pathogens such as L.
monocytogenes. The LysPBCC activity was dependent on the presence of
divalent cation, and the treatment caused a 2-log reduction in viable B.
cereus cells within 3 h. Pfam and Conserved Domain Database analyses
showed that LysPBCC has a typical N-terminus Amidase 3 domain as EAD
and a single C-terminus, uncharacterized SPOR domain as uncommon
CBD. The truncation of SPOR weakened the lytic activity, indicating the
necessity of this domain for the normal LysPBCC activity. Further deter
mination of the effectiveness on Bacillus spores and biofilms could demon
strate the usefulness of LysPBCC as promising candidates to be developed as
alternative antimicrobials for food safety.

This study investigated the survivability of human coronavirus 229E
(HCoV-229E), as a SARS-CoV-2 surrogate, on food-contact surfaces (FCSs;
stainless steel, LDPE, silicone rubber), and foods (lettuce, salmon, chicken
breast). Stainless steel (SS, 1 cm in diameter), LDPE (1×1 cm), and silicone
rubber (SR, 1×1 cm) were inoculated with 20-μL of HCoV-229E suspension
(6.2–6.3 log TCID50/mL). Lettuce (1×1 cm), salmon (0.5×0.5×0.5 cm), and
chicken breast (0.5×0.5×0.5 cm) were inoculated with 30, 40, 40-μL of viral
suspension (6.8–7.6 log TCID50/mL), respectively. Inoculated samples were
stored at 20℃ for 7 days, at 4℃ for 28 days, and at -20℃ for 12 weeks.
HCoV-229E was not detected on day 3 on all FCSs at 20℃. At 4℃, the virus
remained viable for up to 28 days on SS and LDPE and was not detected on
day 21 on SR. At -20℃, the virus remained infectious for up to 12 weeks on
all FCSs. HCoV-229E was not detected on day 3 on lettuce and on day 4 on
salmon and chicken breast. At 4℃, the virus was not detected on day 14 on
lettuce and on day 21 on salmon and chicken breast. At -20℃, the virus
remained viable for 12 weeks on all foods. This study suggests that HCoV229E persists infectious on various FCSs and foods for a long and survives
longer at a lower temperature. Therefore, the FCSs and foods might be
potential carriers of the transmission of SARS-CoV-2.

Keywords: Bacillus cereus, endolysin, antimicrobials
[This work was carried out with the support of “Cooperative Research
Program for Agriculture Science and Technology Development (Project No.
PJ01574702)” Rural Development Administration, Republic of Korea.]
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Kimchi, a non-sterilized food, contains various microorganisms derived
from different vegetables, including kimchi cabbage, ginger, garlic, and red
pepper. Among them white colony-forming yeasts (WCFYs) have been
known to form a white colony on the surface of kimchi, leading to the
deterioration of kimchi sensory quality. However, the toxicity of WCFY has
scarcely been reported. Thus, to investigate the toxicity of WCFYs (i.e.,
Kazachstania servazzii, Candia sake, and Pichia kudriavzevii), we performed
cell and animal experiments as well as genomic analysis. The results from in
vitro studies showed that WCFY did not induce cytotoxic responses such as
lactate dehydrogenase release, excessive oxidative stress, and mitochondrial
damage at concentrations of up to 2.5×105 CFU/mL in Caco-2 and HepG2
cells. In animal studies using rats (single-dose and 14-day repeated-dose oral
toxicity studies), WCFY did not induce death, clinical signs of toxicity,
histological alterations of the liver, or increases in the expression of proinflammatory cytokines (i.e., tumor necrosis factor-α and interleukin-1β)
nor cytochrome P450-2E1 in liver tissue at concentrations of up to 5×108
CFU/head/day. Genomic analysis revealed that similarly to K. servazzii and
C. sake, P. kudriavzevii did not harbor genes related to toxicity and
antimicrobial resistance. Taken together, our results indicate that exposure
to WCFY through kimchi intake did not induce toxic responses in the
human intestinal epithelial cell line Caco-2, liver cell line HepG2, and
Sprague-Dawley rats. The present data provide evidence for the safety of
accidental major WCFY ingestion through kimchi.

Department of Food and Nutrition, Brain Korea 21 FOUR, College of
Human Ecology, Yonsei University, Seoul 03722, Republic of Korea
Endolysin, a phage-encoded enzyme, gets attention as an antibacterial agent
with its bacterial cell wall degrading activity. Although exogenously treated
endolysin can kill Gram-positive bacterial cells, it is hard to apply to Gramnegative bacteria due to the presence of outer membrane. To overcome this
hurdle, we engineered the endolysin LysC02 originated from phage infecting
foodborne pathogen Cronobacter sakazakii by fusing with 9 kinds of
α-helical cationic antimicrobial peptides (AMPs). When Gram-negative C.
sakazakii cells were treated with the engineered endolysins, the optical
density at 600 nm of cell suspension was decreased averagely about 0.8 in 4
h. C. sakazakii started to be disrupted within 5 min under time-lapse
microscopy by the engineered endolysin treatment, and the number of
viable cells was reduced up to 3.3-log within 1 h without additional outer
membrane permeabilizer. These results implicated that the AMP fusion has
provided the outer membrane permeability to the endolysin, and
consequently, could allow the endolysin to reach and degrade the target
peptidoglycan. Taken together, the engineered endolysin fused with cellpenetrating AMP could be developed as effective enzybiotics that act
exogenously to control C. sakazakii and other Gram-negative bacteria.
Keywords: Endolysin, antimicrobial peptide, Cronobacter sakazakii

Keywords: White colony-forming yeast, kimchi, safety assessment

[This work was carried out with the support of “Cooperative Research
Program for Agriculture Science and Technology Development (Project No.
PJ01574702)” Rural Development Administration, Republic of Korea.]

[This work was carried out with the support of “Cooperative Research
Program for Agriculture Science and Technology Development (Project No.
PJ01574702)” Rural Development Administration, Republic of Korea.]
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The Modulons Identified by Machine Learning Method
Expand the Transcriptional Regulatory Networks of
Enterohemorrhagic Escherichia coli

NsrR Regulates hmpA Coordinately with Lrp and CRP in
Response to Nitrosative Stress in Vibrio vulnificus

Hanhyeok Im1,2, Duhyun Ko1,2, Dayoung Sung1,2, Hojun Lee1,2,
Minji Ahn1,2, Won Woo Choi1,2, and Sang Ho Choi1,2,3*

1

Garam Choi1,2, Dukyun Kim2, Hanhyeok Im1,2, and Sang Ho Choi1,2*
National Research Laboratory of Molecular Microbiology and Toxicology,
Department of Agricultural Biotechnology, Seoul National University,
Seoul 08826, Republic of Korea, 2Center for Food and Bioconvergence,
Seoul National University, Seoul 08826, Republic of Korea

1

National Research Laboratory of Molecular Microbiology and Toxicology,
Seoul National University, Seoul 08826, Republic of Korea,
2
Department of Agricultural Biotechnology, Seoul National University,
Seoul 08826, Republic of Korea, 3Center for Food and Bioconvergence,
Seoul National University, Seoul 08826, Republic of Korea

Nitric oxide (NO) is an important antimicrobial effector produced by the
host innate immune system to counteract invading pathogens. To survive
and establish a successful infection, a fulminating human pathogen Vibrio
vulnificus expresses the hmpA gene encoding an NO dioxygenase in an NOresponsive manner. In this study, we identified an Rrf2-family transcriptional
regulator NsrR that is predicted to contain the Fe-S cluster coordinated by
three cysteine residues. Transcriptome analysis showed that NsrR controls
the expression of multiple genes potentially involved in nitrosative stress
responses. Particularly, NsrR acts as a strong repressor of hmpA transcription
and relieves the repression of hmpA upon exposure to NO. Notably, nsrR
and hmpA are transcribed divergently, and their promoter regions overlap
with each other. Molecular biological analyses revealed that NsrR directly
binds to this overlapping promoter region, which is alleviated by loss of the
Fe-S cluster, leading to the subsequent derepression of hmpA under nitrosative
stress. We further found that a leucine-responsive regulatory protein (Lrp)
negatively regulates hmpA in an NsrR-dependent manner by directly binding
to the promoter region, presumably resulting in a DNA conformation change
to support the repression by NsrR. Meanwhile, a cyclic AMP receptor protein
(CRP) positively regulates hmpA probably through repression of nsrR and
lrp by directly binding to each promoter region in a sequential cascade.
Altogether, this collaborative regulation of NsrR along with Lrp and CRP
enables an elaborate control of hmpA transcription, contributing to survival
under host-derived nitrosative stress and thereby the pathogenesis of V. vulnificus.

The elucidation of the transcriptional regulatory networks (TRNs) of
enterohemorrhagic Escherichia coli (EHEC) is critical to understanding its
pathogenesis and survival in the host. However, the analyses of current
TRNs are still limited to comprehensively understanding their target genes
generally co-regulated under various conditions regardless of the genetic
backgrounds. In this study, independent component analysis (ICA), a
machine learning-based decomposition method, was used to decompose
the large-scale transcriptome data of EHEC into the modulons, which
contain the target genes of several TRNs. The locus of enterocyte effacement
(LEE) and the Shiga toxin (Stx) modulons mainly consisted of the Ler
regulon and the Stx prophage genes, respectively, confirming that ICA
properly grouped the co-regulated genes of EHEC. Further investigation
revealed that the LEE modulon contained the Z0395 gene as a novel member
of the Ler regulon, and the Stx modulon contained the thi and cus locus
genes in addition to the Stx prophage genes. Concurrently, the Stx prophage
genes were also regulated by thiamine and copper ions known to control the
thi and cus locus genes, respectively. The modulons effectively clustered the
genes co-regulated regardless of the growth conditions and the genetic
backgrounds of EHEC. The changed activities of the individual modulons
successfully explained the differential expressions of the virulence and
survival genes during the course of infection in bovines. Altogether, these
results suggested that ICA of the large-scale transcriptome data can expand
and enhance the current understanding of the TRNs of EHEC.

Keywords: Vibrio vulnificus, NsrR, nitric oxide
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Colonization and Internalization of Toxic Cyanobacteria in
Lettuce Cultivated with Irrigation Water Contaminated
Harmful Algal Bloom.
Soyoung Han1, Jinnam Kim2, Jiyoung Lee3, and Seungjun Lee1*
1

Department of Food Science and Nutrition, College of Fisheries Science,
Pukyong National University, Busan 48513, Republic of Korea,
2
Department of Biology, Kyungsung University, Busan, Republic of Korea,
3
Department of Food Science and Technology, The Ohio State University,
Columbus, OH, 43210, USA
Several Cyanobacteria produce toxic metabolites, known as cyanotoxins.
Microcystis, commonly found in major rivers during algal bloom season,
that threaten drinking water, recreational activity, and water sources needed
for food production. However, studies on fate of Microcystis and cyanotoxins
in agricultural environments are not well known. In this study, 1) the
colonization of lettuce caused by Microcystis and 2) its potential effects on
food safety and security were investigated. Three concentrations of Microcystis
were used to the lettuce leaf surface (104, 106, and 108 mcyE gene copies/mL).
The droplet digital PCR platform was used. Our results showed that
Microcystis was colonized in the leaves and internal tissues of lettuce and the
cyanotoxins produced by Microcystis accumulated in the crops. Microcystis
had also negative effects on productivity (weight, length, number of leaves).
The results of this study imply that contamination of toxic cyanobacteria in
agricultural environments could become a new exposure route for humans,
livestock, and wild animals as well as negatively affect crop quality and
productivity. Understanding the effects of cyanobacteria and its toxins on
the agricultural environment is an important issue that protects human and
animal health.
Keywords: Colonization, bacteria internalization, food aafety
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Combination Effect of Endolysin with Peptoid against the
Gram-Negative Bacteria

Identification and Characterization of Novel Endolysins
LysBS9 and LysBS16 Derived from Bacillus cereus
Bacteriophages BS9 and BS16

JoonBeom Kim1 and Sangryeol Ryu1,2*
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As the emergence of the multidrug-resistant bacteria has caused a public
health problem, endolysin, a bacteriophage-derived cell wall-degrading en
zyme, is drawing attention as an alternative to antibiotics. However, it cannot
control the Gram-negative bacteria due to their outer membrane. For
overcoming this threshold, we selected peptoids, N-substituted glycine, as a
new potentiator that can deliver the endolysin through the bacterial outer
membrane and investigated the combination effect for endolysin LysB4 and
the peptoids 2 and 3. The peptoids 2 and 3, which have NLys-Nspe-Nspe
residues repeated 2 or 3 times, respectively, have low antibacterial effects but
can penetrate the bacterial outer membrane with little hemolytic activity.
While 25 µM of peptoid 2 and 545 nM of LysB4 showed 0.3 and 0.27 log
reduction, respectively, in Escherichia coli cells, the combination of them
showed 2.5 log reduction. The similar effect was seen with peptoid 3; the
combination of 545 nM of LysB4 and 12.3 µM of peptoid 3 exhibited
3.43 log reduction even though 12.3 µM of peptoid 3 alone reduced 1.7 log
in E. coli cells. These results suggest that peptoids can potentiate the anti
bacterial effect of endolysin against the Gram-negative bacteria.

Bacillus cereus is a spore-forming bacterium that emits emetic toxin and
enterotoxin which leads to food poisoning. As the importance of preventing
B. cereus food poisoning has surged, endolysin, a bacteriophage-derived cell
wall degrading enzyme, has been emerging as a promising biocontrol agent.
Phage BS9 isolated from pig meat and phage BS16 isolated from chicken
meat were classified as the Siphoviridae and the Myoviridae family, respect
ively, based on transmission electron microscopy. Whole genome sequencing
followed by the annotation of both phages was performed to identify
endolysins LysBS9 and LysBS16 which were classified as N-acetylmuramoylL-alanine amidases. LysBS9 exhibited strong lytic activity against B. cereus
and some Gram-negative bacteria, showing great reduction in optical
density at 600 nm (OD600). Interestingly, LysBS16 showed less lytic activity
relative to LysBS9, which requires further investigation. These results
suggest that the novel endolysins LysBS9 and LysBS16 could be potential
biocontrol agents against B. cereus.
Keywords: Bacillus cereus, bacteriophage, endolysin

Keywords: Gram-negative bacteria, peptoids, combination effect

[This work was carried out with the support of “Cooperative Research
Program for Agriculture Science and Technology Development (Project No.
PJ01574702)” Rural Development Administration, Republic of Korea.]
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Core Lipopolysaccharide-Specific Phage SSU5
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Required for Staphylococcus aureus Virulence Expression
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Most of phages have a holin-dependent lysis system to secrete endolysin,
peptidoglycan hydrolase, into the periplasm while certain endolysins
containing a secretion sequence are exported via a holin-independent
system such as Sec pathway. Here, we characterized a lysis system of core
oligosaccharide-specific phage SSU5. In silico analysis revealed that ORF26
and ORF27 are putative holin and endolysin (LysSSU5), respectively and
that LysSSU5 contains two domains, one homologous to a virion protein D
at the N-terminal and the other one homologous to a transmembrane
domain (TMD) at the C-terminal. Overexpression of LysSSU5 in Salmonella
Typhimurium LT2 resulted in host cell lysis, but co-expression of LysSSU5
and a holin showed better cell lysis. When Sec inhibitor (NaN3) was treated
in both experiments, the lysis activity was decreased concentrationdependently. The recombinant LysSSU5 with truncating mutation of TMD
was successfully purified and showed significant reduction in optical density
(600 nm) of S. Typhimurium LT2 in the presence of EDTA as an outer
membrane permeabilizer. These results demonstrate that the SSU5 phage
possesses a lysis system, in which endolysin can be secreted through either
the Sec pathway or holin for maximum release of LysSSU5 to peptidoglycan
layer.

Staphylococcus aureus is a major human pathogen that causes various organ
infection and is well known to have a number of virulence factors associated
with cytotoxicity and immune evasion. Transition metals have essential
roles in the bacterial virulence expression, but specific molecular
mechanisms are still unknown. In this study, we found that supplement of
transition metal ions, copper and zinc, increased the bacterial growth and
biofilm formation. Quantitative analysis of mRNA expression level
confirmed increased expression levels of icaA gene mainly involved in
polymerization of a biofilm adhesion polysaccharide. In order to further
investigate the possible role of transcriptional regulator on the metal
dependency, effects of a deletion of SaeS on the biofilm formation were
evaluated with regard to the metal supplement. Collectively, our findings
support that copper and zinc ions increase the biofilm formation of S.
aureus which may be regulated by SaeS. This work demonstrates an
implication of metal ions as a possible risk factor for S. aureus infection
mediated by the bacterial transcriptional regulation.
Keywords: Foodborne pathogens, Staphylococcus aureus, metal Ions
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Evaluation of a Phage Cocktail with Therapeutic Potential
against Multidrug-Resistant Escherichia coli Clinical
Isolates

The cfrA Gene Contributes to Cold Stress Tolerance in
Campylobacter jejuni
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Campylobacter jejuni is a major foodborne pathogen transmitted to humans
primarily by contaminated poultry meat. Before initiating human infection,
C. jejuni must survive at refrigeration temperatures in the cold chain used to
distribute poultry meat. To understand the mechanisms of cold stress
tolerance in C. jejuni, we investigated genetic factors contributing to its cold
tolerance. Seventy-nine C. jejuni strains isolated from retail raw chicken
exhibited different survival levels at 4℃ for 21 days. The multilocus sequence
typing analysis showed that clonal complex (CC)-21 and CC-443 were
dominant among cold stress-tolerant (CT) strains, whereas CC-45 was
common in cold stress-sensitive strains. We identified two significantly
distinct phylogenetic groups in the prevalence of CT strains with average
nucleotide identity analysis. A pan-genome analysis revealed that 59 genes
were present only in the CT phylogenetic group; we selected cfrA encoding
ferric enterobactin receptors for further analysis. At 4℃, the viability of a
ΔcfrA mutant was markedly decreased while the levels of total reactive
oxygen species and intracellular iron were upshifted compared to wild type.
Also, a cfrA mutation significantly compromised the viability in three CT
isolates at 4℃, confirming the role of cfrA in cold stress tolerance. This
study demonstrates that certain genotypes of C. jejuni are highly tolerant to
cold temperatures and cfrA contributes to cold stress tolerance in C. jejuni.

Bacteriophages (phages) are considered as promising alternative to
antimicrobials, and phage cocktails are generally used to broaden host
ranges in phage therapy. The aim of this study was to evaluate the efficiency
of phage cocktail against MDR Escherichia coli. Total 21 E. coli clinical
isolates resistant to various groups of antimicrobials were used in the study.
Three E. coli phages (ELSA1, ELSA2, and ELT4) were isolated from sewage
water and retail raw chicken meats. All phages were classified as the
Myoviridae family based on the transmission electron microscopy. Phage
cocktail composed of 3 phages controlled 18 strains out of 21 isolates. Phage
viabilities were stably maintained between 4-55 °C and pH 3-11, respectively.
Whole-genome sequencing revealed that genome sizes of ELSA1 and ELT4
were 169,532 and 165,114 bp, respectively. ELSA1 uses LPS and OmpA, but
ELT4 uses Tsx as receptors to infect the hosts. Further experiments are
required to investigate the effects of phage cocktail designed in this study on
MDR E. coli strains.
Keywords: Multidrug-resistant Escherichia coli, bacteriophage, phage cocktail
[This work was supported by the Korea Health Technology R&D Project
through the Korea Health Industry Development Institute (KHIDI), funded
by the Ministry of Health and Welfare, Republic of Korea (Grant numbers
HI21C0901).]
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Surface Polysaccharides as a Protective Barrier
Conferring Aerotolerance to Campylobacter jejuni

Difference in Internalization of Salmonella by Temperature
and Mist Conditions in Fresh Produce after Harvest
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Internalization of Salmonella, which is one of the major foodborne
pathogens, into fresh produce can pose a serious health risk because leaf
vegetables are usually consumed after the wash steps without a heating
process. Salmonella can enter fresh produce with various routes such as
stoma. However, environmental factors of bacterial internalization, including
temperature and water, have not been studied. In this study, conditions of
temperature (7℃ and 25℃) and mist were applied to fresh produce after
harvest. To investigate Salmonella internalization, 6 species of vegetables,
including romaine lettuce and green onion, were selected and investigated
for 1-3 days. The results showed that internalized Salmonella was observed
under all conditions, especially the level of internalized Salmonella in
romaine lettuce was the highest. In entire samples, concentrations of
internalized Salmonella at 25℃ were higher than that at 7℃. It was also
observed that Salmonella internalization of the mist condition under the
same temperature was higher than that of the non-mist condition. This
study demonstrated the effects of temperature and mist conditions on
Salmonella internalization after harvest. The outcome of this study will
contribute to national food safety to protect public health.

Aerotolerance sustains the viability of oxygen-sensitive bacteria in aerobic
environments. Our current understanding of mechanisms underlying
aerotolerance, particularly in microaerophiles, is limited. Campylobacter
jejuni, as an obligate microaerophile, is sensitive to oxygen in the atmosphere.
Here we show that aerobiosis of C. jejuni increases intracellular accumulation
of hydrogen peroxide, which leads to the stimulation of surface polysaccharide
synthesis. Despite the arrest of bacterial growth, aerobiosis boosts central
carbon metabolism to produce precursors for surface polysaccharide
synthesis. Disruption of the tricarboxylic acid cycle eliminates the induction
of surface polysaccharide synthesis by aerobiosis and considerably reduces
aerotolerance. Furthermore, aerotolerance is substantially compromised in
C. jejuni mutants unable to synthesize surface polysaccharides. Our data
demonstrate that in aerobic environments, C. jejuni develops a thick layer of
surface polysaccharides, which in turn acts as a protective barrier conferring
aerotolerance to C. jejuni.

Keywords: Foodborne pathogens, romaine lettuce, food safety

Keywords: Campylobacter jejuni, aerotolerance, surface polysaccharides
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National Surveillance on Contamination Level of
Foodborne Pathogens from Slaughtered Pig Carcasses
from 2015 to 2021 in Korea
Serim Hong, Hye Jeong Kang, Jin-San Moon, Soon-Seek Yoon, and
Ha-Young Kim*
Bacterial Disease Division, Animal and Plant Quarantine Agency,
Gimcheon-si 39660, Republic of Korea
This study was conducted to investigate the contamination level of food
borne pathogens from pig slaughterhouse across the country. Basically, we
visited about 10 slaughterhouses per year and collected 10 carcass samples
for each slaughterhouse. A total of 741 carcass samples were collected from
67 slaughterhouses from 2015 to 2021. All samples were tested for the
presence of foodborne pathogens according to the procedure of Korean
Food Standards Codex. A total of 151 isolates were from 741 carcasses in 47
(70.1%) slaughterhouses during 67 sampling visits. The frequent isolates
were Staphylococcus aureus (7.4%), Campylobacter coli (6.9%), followed
by Yersinia enterocolitica (2.0%), Clostridium perfringens (1.8%), Listeria
monocytogenes (1.3%), and Salmonella spp. (0.9%). Shiga toxin-producing
Escherichia coli and Campylobacter jejuni were not detected at all. Especially,
the detection frequency of C. perfringens and Y. enterocolitica increased
dramatically in 2021. The detection rate was much higher at 21.7% (150/691)
for combined slaughterhouses (cattle and pigs) compared to pigs only
slaughterhouses (2.0%, 1/50). The microbial detection rate was in the order
of small (27.6%), large (20.6%), and medium-scale slaughterhouses (16.5%)
of 901~1,500 heads as daily slaughter volume. This study suggests that
continuous monitoring of foodborne pathogen and hygiene management is
needed from carcasses in the slaughterhouses. The epidemiological charac
terization is required for further study to analyze the cause of bacterial
contamination in the slaughterhouses.
Keywords: Foodborne pathogens, pig carcass, slaughterhouse
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Molecular Interaction between Methicillin-Resistant
Staphylococcus aureus (MRSA) and Chicken Breast
Reveals Enhancement of Pathogenesis Andtoxicity for
Food-Borne Outbreak

Characterization of an Endolysin from Bacillus cereusInfecting Bacteriophage B13S and Its Application as
Antimicrobial and Detection Agents

Han Young Chung and Sang Ho Choi*
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Bacillus cereus is a ubiquitous soil bacterium responsible for food poisoning
and non-gastrointestinal infections. To control B. cereus, a B. cereus-specific
bacteriophage B13S was isolated from sewage and its endolysin (PlyB13S)
was characterized. A novel virulent phage B13S, belonging to the Myoviridae
family, has 155.77-kb double-stranded circular DNA containing 222 open
reading frames. PlyB13S rapidly lysed bacterial cells and showed much
broader lytic spectrum than its parental phage. In addition, PlyB13S could
remove B. cereus biofilms on polystyrene surfaces and showed 2 log CFU/mL
reduction of viable B. cereus cells in boiled rice. Interestingly, an enzymatic
active domain of PlyB13S (PlyB13S_EAD) showed weaker lytic activity than
full-length endolysin towards B. cereus, but it rapidly lysed Geobacillus
stearothermophilus cells and eliminated its biofilms. An enhanced green
fluorescent protein (EGFP)-fused cell-wall binding domain of PlyB13S
(EGFP::PlyB13S_CBD) specifically binds to 12 strains of B. cereus in buffer
and showed strong binding activity in sterilized milk as well. These results
suggest that PlyB13S and its domains can be used as novel tools for
diagnostics and biocontrol purposes.

Staphylococcus aureus is a well-known pathogen causing various diseases.
To study its pathogenesis and toxicity, S. aureus FORC_062 was isolated
from a human blood sample and its complete genome sequence was
analyzed, consisting of a circular DNA chromosome of 2,905,353 bp with a
GC content of 32.92%. It contains 2,721 open reading frames, 5 rRNAs, and
60 tRNA genes. Interestingly, this strain has a type II SCCmec gene cluster
and a type II toxin-antitoxin system, indicating an MRSA strain. It has many
pathogenic genes involved in host infection, colonization, and immune
evasion for biofilm formation, and various enterotoxin and hemolysin
genes. To elucidate the interaction between FORC_062 and raw chicken
breast, transcriptome analysis was conducted, which showed that gene
expressions of amino acid biosynthesis and metabolism were specifically
down-regulated, suggesting that the strain may import and utilize amino
acids from the chicken breast, but not able to synthesize them. However,
toxin gene expressions were up-regulated, suggesting that human infection
of S. aureus via contaminated food may be more fatal. Consequently, the
clinical strain FORC_062 has multiple-antibiotic resistance activities,
virulence factors for host infection, survival, colonization, toxins, and
various hemolysins, and its food infection could enhance pathogenesis and
toxicity for food-borne outbreaks.

Keywords: Bacillus cereus, endolysin, food
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Discovery of a Novel Phage Receptor and Control of
Shigella flexneri 2a Using Cocktail
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Shigella is an important causative agent of Shigellosis causing diarrhea. Con
sidering the antibiotic resistance, bacteriophage can be used as an antibiotics
alternative for controlling Shigella. However, bacteria can become resistant
to phages by modifying their cell surface receptors, it is more effective to use
phages with different receptors. In this study, 8 phages were isolated from
nature and classified based on their receptor types; the outer core of
lipopolysaccharide (LPS) (C group), the O-antigen of LPS (O group) and
FhuA, the ferrichrome porin (F group). Among them, SFP21A showed
different lytic activity with typical O group phages in galU mutant that
directly affects the synthesis of S. flexneri LPS core. In spotting assay with
the shigella mutant resistant to C group phage showed that SFP21A can
infect differently from other O group phages. The blocking of SFP21A
adsorption by periodate and proteinase K treatment of host Shigella cells
showed that the LPS is a receptor of SFP21A. Furthermore, the character
ization of the SFP21A were performed. In one-step growth analysis, SFP21A
has 5 min eclipse time, 10 min latent time and 347.2 PFU/cell burst size. In
stability test, SFP21A showed that they are stable from -20 to 50℃ and pH 4
to 11. Phage cocktail consisting of SFP21A, C group phage, and F group
phage effectively inhibited the bacterial growth in vitro for 22 h (MOI=0.01),
which suggested the possibility of phage cocktail to biocontrol of Shigella.
Keywords: Bacteriophage, biocontrol, food-borne pathogen
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Characterization of a Vibrio vulnificus Mutant Deficient in
Putative fimZ Gene which Only Present in Clinical
Genotype (Biotype 1C)

Isolation and Characterization of Clostridium perfringensSpecific Bacteriophages and Its Endolysin
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Clostridium perfringens, a Gram-positive bacterium, is one of the most
common causes of food poisoning by producing enterotoxins and the sporeforming ability that confers resistance to heat, physical, and chemical agents.
To control C. perfringens, we isolated three C. perfringens bacteriophages
Reka1, Lena2, and DOBBIE2 from samples from sewage treatment plant in
Guri city, Korea. The three phages formed large clear plaques on the lawn of
its host strain of C. perfringens and have high host specificity. Transmission
electron microscopy revealed that Reka1 and Lena2 belong to the
Podoviridae and that DOBBIE2 belongs to the Siphoviridae family. Genomic
analysis showed Reka1 and Lena2 have ~19 kb DNA with 22 and 26 open
reading frames (ORFs), respectively, whereas DOBBIE2 has of 39-kb DNA
with 65 ORFs. Bioinformatic analysis of DOBBIE2 genome revealed a
putative endolysin, PlyDOBBIE2, whose sequence novelty was confirmed
by BLASTP analysis. PlyDOBBIE2 contains an amidase_3 domain at the
N-terminus and a SPOR domain at the C-terminus. PlyDOBBIE2 showed
its optimal lytic activity at pH 7.0 to 9.0 and 0 to 500 mM of NaCl. It also
maintains its thermal stability from 4℃ to 50℃ and showed about 50% of
its lytic activity even after the incubation at 60℃ for 20 minutes. While
DOBBIE2 has a very narrow host range, infecting only 1 of 24 C. perfringens
strains, PlyDOBBIE2 exhibits a much broader lytic range, albeit limited to
the species C. perfringens. Interestingly, enhanced green fluorescent protein
(EGFP)-fused C-terminal region of the endolysin did not bind to C.
perfringens cells, but rather did bind to the spore of C. perfringens, indicating
that the C-terminal region serves as a spore binding domain of PlyDOBBIE2.
These data suggest that PlyDOBBIE2 could be developed as a biocontrol
agent against C. perfringens cells as well as detection tools targeting C.
perfringens spores.

Vibrio vulnificus is a pathogen isolated from the estuarine waters and a
variety of seafood. It has been subdivided into three biotypes. Biotype 1 is
responsible for the majority of human infections. In addition, biotype 1 is
composed of two genotypes: a clinical genotype (biotype 1C), and an
environmental genotype (biotype 1E). To identify their virulence factors and
clinical characteristics, complete genome sequences of clinical genotype and
environmental type were obtained from the NCBI database and compared
genome sequences using the pan-genome approach. Subsequent pangenome analysis revealed that biotype 1C has putative fimZ, dgcJ, putative
phosphodiesterase (EAL domain), and rcsC gene but biotype 1E doesn’t
have. Among them, the putative fimZ gene-deficient mutant shows a
colonial morphology change from opaque form to translucent form. Also,
the mutant type displayed significantly reduced the capsular polysaccharide
(CPS) and relevant gene expression. A virulent opaque form produces CPS
and a translucent phenotype produces little or no CPS. Moreover, CPS
reduction of the mutant type shows that the viability was reduced by Raw
264.7 macrophage, and the mutant type formed significantly more biofilm
than the wild type because the CPS reduction increases the biofilm
formation in V. vulnificus. These results suggest that the putative fimZ gene
affects the CPS production of clinical strains and indicate that this gene may
be associated with the virulence factor of clinical strains.
Keywords: Vibrio vulnifucs, biofilm, capsular polysaccharide
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Fecal Metabolite Profiling in Liver Diseases Based on a
High-Throughput Mass Spectrometry Platform

Identification of Interaction between Jejunal Microbiota
and Jejunum under High Ambient Temperature
Conditions
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High ambient temperature causes heat stress to animals. Previous studies
revealed that HS cause multiple physiological disturbances, such as
oxidation stress, and immune response. There are a few studies to approach
functional interaction mechanisms. The purpose of this study was to
confirm the functional interaction between microbiome and transcriptome
of broiler jejunum affected by chronic heatstress condition. A total of 60
broilers were divided into thermoneutral control and heat stress condition
group. The jejunal mucosa and contents were collected from each group.
Pathways associated with protein and lipid metabolism were shown at
microbiome functional annotation. In transcriptome profiling, we identified
pathways related with fatty acid metabolism and cell cycle. To understand
interaction mechanisms of microbiota and transcriptome, We predict
metabolite derived from microbiota and genes from predicted metabolites
to connect between functional pathways between microbiome and
transcriptome. This approach showed that microbiota could have influence
on host lipid degradation pathway under heat stress condition by predicted
genes such as ACADL, HADHA. Overall, our study provide comprehensive
understanding for interaction between microbiota and host under heat
stress conditions.

The gut-liver axis refers to the relationship observed between the gut (and
the microbiota) and the liver. Substances produced in the gut move through
the portal vein to the liver, and the liver secretes bile into the intestine.
Accordingly, the gut micro-environmental dysregulation affects liver
diseases such as hepatitis and liver cancer while the gut reflects the liver
function. Metabolomics is the study of various substances produced by
metabolic processes and of the interactions. High-throughput metabolic
profiling facilitates comprehensive understanding of underlying mechanisms
and direct causality. In this study, fecal samples were analyzed from four
groups of normal (n=28), hepatitis (n=11), cirrhosis (n=18), and liver
cancer (n=16) using LC-Orbitrap MS. Untargeted metabolomic profiling
resulted in a total of 320 metabolites. Multivariate statistical analysis
demonstrated the distinctive profiles. The subsequent correlation analysis
identified the disease-specific metabolic features.
Keywords: Metabolomics, gut-liver axis, LC-Orbitrap MS

Keywords: Mircobiome, multi-omics, heat stress

H-5
Convolutional Neural Network Based ChIP-Exo Peak
Calling for Analysis of RpoN Regulon of Enterobacteria
Ilyas Kabimoldayev, Linh Khanh Nong, and Donghyuk Kim*
School of Energy and Chemical Engineering, Ulsan National Institute of
Scince and Technology, Ulsan 44919, Republic of Korea
Cost of the sequencing over last decade decreased significantly. This made
high throughout sequencing methods such as chromatin immunoprecipitation
sequencing (ChIP-seq) more accessible. ChIP-exo is like ChIP-seq but
involves lambda exonuclease, which allows to locate DNA – protein binding
sites more accurately. Currently several peak calling algorithms for ChIPexo data exist, but most of them require time consuming manual curation
afterwards. We have developed machine learning software that makes peak
calling in two steps using convolutional neural networks. Curated ChIP-exo
data for RpoN binding in Escherichia coli K-12 MG1655 genome was used
as training data. Algorithm works by classifying each possible peak as peak
or non-peak using supervised learning. The first step reduces number of
possible peaks for the second step. Percentage of peaks containing RpoN
binding motif for MACE and our software was 6% and 82% respectively.
RpoN binding motifs were searched using MEME software. It is possible to
use our software for other transcription factors if curated peak calling data
exists.
Keywords: RpoN sigma factor, deep learning, ChIP-exo
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Draft Genome Sequence of Weissella koreensis Strain
FBL9, a Putative Probiotic Strain, Isolated from
Gajami-Sikhae

Genome-Scale Transcriptional Regulatory Landscape of
HexR in Pseudomonas putida KT2440 on Different Carbon
Sources

Hyun jae Kim, Eiseul Kim, and Hae-Yeong Kim*

Linh Khanh Nong and Donghyuk Kim*

Institute of Life Sciences and Resources and Department of Food Science
and Biotechnology, Kyung Hee University, Yongin 17104, Republic of
Korea

School of Energy and Chemical Engineering, Ulsan National Institute of
Science and Technology (UNIST), Ulsan 44919, Republic of Korea
Pseudomonas putida strains are highly valued biocatalysts due to their
abilities in degradation of several chemicals, resistance to organic solvents
and environmental stresses while efficiently produce a range of bulk and
fine chemicals. Fine-tuning the central carbohydrate metabolism is key for a
successful adaptation to occupy niches with various carbon availability. In
contrast to Escherichia coli and related Enterobacteria, the Pseudomonas
Embden-Meyerhof-Parnas (EMP) glycolytic pathway is nonfunctional due
to the lack of 6-phosphofructokinase. Thus, carbohydrate catabolism
proceeds ultimately via the Entner-Doudoroff (ED) pathway, where 6PG
and KDPG are the key intermediates. The expression of genes encoding the
ED pathway in P. putida, including glk, zwf, pgl, edd, eda, and gap-1 are
found to be regulated by HexR. The binding of the EDP intermediate KDPG
to HexR releases the repressor from its target sites. Previous studies have
attempted to assess the binding of HexR using in vitro assays and
comparative transcriptomics. However, in vivo binding sites of HexR, and its
genome-scale regulon on different carbon sources are yet to be defined. In
this study, chromatin immunoprecipitation (ChIP)-exo technique and the
expression profiling were integrated to provide accurate binding locations of
HexR in P. putida on glucose (glycolytic substrate), acetate (gluconeogenic
substrate), and glycerol (substrate inducing mixed metabolic regime).
Model-based in silico simulation would further verify the metabolic flux
states and expand our understanding of the carbon metabolism regulation
by this transcription factor.

Gajami-sikhae, which uses flatfish belonging to the species Glyptocephalus
stelleri as the main ingredient, has been well-accepted by Korean consumers
due to their unique flavor and health benefits, such as anticancer and
antioxidant effects. The purpose of this study was to analyze the genome
sequence of Weissella koreensis strain FBL9 isolated from gajami-sikhae. W.
koreensis strain FBL9 showed 98.8% identity with W. koreensis strain MG
16S ribosomal RNA gene (KU363026.1). Genome assembly produced 65
contigs (128 to 300,877 bp, N50 length 167,468 bp). W. koreensis strain FBL9
contains a 1,481,742 bp genome size, with a G+C content of 35.4%. The
draft genome has 1,484 coding genes, 61 RNAs, and 162 subsystems. The
genome of W. koreensis strain FBL9 contained stress resistance genes, such
as F1F0-ATPase genes related to acid tolerance and peroxide stress regulator
PerR, and ferroxidase related to oxidative stress resistance. The comparative
genomics of six W. koreensis strains yielded a core-genome of 1,189 genes,
accessory-genome of 219 genes, and unique-genome of 155 genes. Of these
genes, there are 23 unique genes that had only W. koreensis FBL9 and
assigned to eight COG categories. Functional categories, such as general
function prediction only (R), inorganic ion transport & metabolism (P), and
amino acid transport & metabolism (E), were the most enriched among the
unique genes. These data suggest that W. koreensis strain FBL9 can be
considered a novel putative probiotic strain.
Keywords: Weissella koreensis, genome sequencing, probiotics

Keywords: Pseudomonas putida, ChIP-exo, genome-scale metabolic model

H-8
Disease-Gene Association Study to Construct the
Environmental Diseasome
In-Geol Choi, Bogun Kim, Byeonghyeok Park, Insoo Shin,
Dongjae Kim, and Minkyu Song
Department of Biotechnology, Korea University, Seoul 02841, Republic of
Korea
Environmental diseases are caused by various environmental factors such as
organic/inorganic chemical pollutants, particulate matters and microplastics.
Network graphs associating diseases with related genes and environmental
factors (e.g. human diseasome) can be an infographic map to understand
the genetic basis of the disease. Many public databases provide disease-gene
associations but standardized data for constructing diseasome is not
available yet. In this study, we collected the disease-gene association from
the public databases and literature to construct the environmental
diseasome. First, disease-gene associations were collected from three public
databases: the MarkerDB, KEGG Disease Database, and DisGeNET
database. We also text-mined the PubMED database using terms related to
the environmental diseases obtained from the ICD-11 catalog. Human gene
names and their aliases were extracted from the NCBI databases and
screened over the collected literature for potential disease-gene association.
The environmental diseasome was implemented in the gene-disease cooccurrence network. The environmental diseasome will be a guide to
explore the association between genes and diseases caused by environmental
factors and provide a model data for deep learning of environmental
diseasome.
Keywords: Environmental diseasome, text-mining, gene network
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Investigation into Sigma Regulation of Antimicrobial
Resistance Genes in Klebsiella pneumoniae through
ChIP-Exo

DUCSU: Deeplearning Model-Based United ChIP-Exo
Peak Selection Utility
Ina Bang1, Sang-Mok Lee1, Seojoung Park1, Joon Young Park1,
Bernhard O Palsson2*, and Donghyuk Kim1*

ZOE KATHERINE SCOTTNEVROS, Linh Khanh Nong, and
Donghyuk Kim*
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School of Energy and Chemical Engineering, Ulsan National Institute of
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Science and Technology (UNIST), Ulsan 44919, Republic of Korea.
Klebsiella pneumoniae has emerged a serious cause of community acquired
invasive infections. Chromatin immunoprecipitation (ChIP)-exo is a
technique that utilises λ exonuclease to digest transcription factor (TF)
unbound DNA after ChIP is performed. ChIP-exo provides single base-pair
(bp) resolution of genome-wide TF binding sites, from which the binding
site motifs can be extracted. Gene regulation information can also be
derived by comparing data gathered from different sequencing methods.
This study sought to investigate the portion of the rpoD and rpoS regulons
associated with antimicrobial resistance (AMR) genes. ChIP-exo was used
to extract binding site data for two transcription factors: rpoS and rpoD in
strain MGH78578, which has twenty antimicrobial resistance genes between
two plasmids. Binding site and gene expression data were generated in both
exponential growth and stationary phase. Regulons were derived from
binding site and gene expression data. Transcription factor binding site
motifs for both sigma factors were confirmed when compared to previous
studies. Of the sigma-regulated genes identified in this study, four were
regulated by rpoD only, two were regulated by rpoS only, and four were
regulated by both sigma factors.

Chromatin immunoprecipitation (ChIP) has been widely used to investigate
DNA-binding proteins and their binding location at the genome-scale level.
Although ChIP-exo increases the signal-to-noise ratio and allows researchers
to identify high-resolution binding sites, a peak calling step for selecting
bona fide peaks is time-consuming, and labor-intensive which is a major
rate-limiting step of ChIP-exo data analysis. In this paper, we develop a
Deeplearning model-based United ChIP-exo peak Selection Utility
(DUCSU), which uses a convolutional neural network to predict bona fide
peaks from ChIP-exo data by feeding image-converted peaks of both strands
of duplicate ChIP-exo data for various sigma factors Escherichia coli K-12
MG1655. To demonstrate its generalizability, we use other ChIP-exo data for
RpoN from various bacteria. Subsequently, the performance of DUCSU is
compared with other published peak calling tools by bit-score and their
occurrence probability when conducting motif discovery. Finally, a public
ChIP-exo database is used to validate the robustness of user-to-user
variation. To this end, it is demonstrated that DUCSU can select bona fide
peaks successfully from various bacterial ChIP-exo data with high accuracy,
sensitivity, and low negative predictive values.

Keywords: ChIP-exo, Klebsiella pneumoniae, sigma factor

Keywords: Deep learning, ChIP-exo, Automatic peak-calling software
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Comparative Analysis of RpoD-Family Regulons between
Salmonella and Escherichia coli Under the Heat-Shock
Condition

Mutational and Expressional Analysis of β-Catenin and
p53 in Hepatocellular Carcinoma

JoonYoung Park , Ye gao , and Donghyuk Kim

Sondor Ganbat1, Khurelsukh Buyanbat2, Ariya Enkhtuya2, and Gantulga
Davaakhuu2*
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1

Heat stress is the most fundamental stress to bacteria within their natural
environs, and bacteria have various mechanisms that adapt to the stress. The
RpoH is one of the RpoD-family sigma factors and is known to regulate the
expression of heat-shock proteins and various genes under heat-shock
conditions. In this study, Escherichia coli and Salmonella, the representative
Gram-negative pathogenic bacteria, were comparatively analyzed through
genome-wide analysis. ChIP-exo (Chromatin immunoprecipitationexonucleases) was used to identify binding sites of sigma factors on the
whole genome. From E. coli, 2,505 RpoD binding sites and 129 RpoH
binding sites were found, and 82 identical binding sites were identified.
Additionally, 2,439 RpoD binding sites and 115 RpoH binding sites were
found, and 84 identical binding sites were revealed in Salmonella. Moreover,
transcript profiling was performed through RNA-seq, and differentially
expressed genes were found when compared to 37℃ under heat shock
(42℃). Through these data, the binding pattern of RpoD and RpoH under
heat shock conditions and the expression pattern of gene clusters called
sigmulon which are controlled by sigma factors were identified.

Hepatocellular carcinoma (HCC), the most common form of liver cancer, is
one of the leading causes of cancer-related death. Mongolia has the highest
incidence and mortality of HCC in the world, but its causative factors and
underlying tumor biology remain unknown. In this study, we report the
mutational and expressional analysis of TP53 and CTNNB1 as well as
expression analysis of CCND1 encoding Cyclin D1, one of the reliable
markers of activation of the Wnt/β-catenin pathway, in HCC from 65
Mongolian patients. CTNNB1 mutations were determined in 19 cases
(29.2%), in a region encoding the protein sequence containing the sites for
phosphorylation. Accumulation of β-catenin was observed in 93.75% of
samples where the mutations were found in. Although CCND1 expression
was up-regulated in some HCC cases with β-catenin accumulation, CCND1
expression in HCC was not always correlated with β-catenin mutation and
accumulation. 31 samples (49.1%) possessed at least one mutation in TP53.
The majority of TP53 mutations (84%) were missense mutations and
clustered in the DNA-binding domain. Moreover, TP53 disruptive
mutations associated with severe disturbance in the activities of p53 were
detected in several HCC cases, and abnormal expression of p53 was
observed in these cases.

Keywords: Heat-shock, sigma factors, ChIP-exo

Keywords: Hepatocellular carcinoma, β-Catenin, p53
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Deep Learning and Structural Bioinformatics Approach to
Virtually Screen the Inhibitors of Inosine 5’
Monophosphate Dehydrogenase of Cryptosporidium
parvum

Discovering the Roles of the Casein Kinase 2 Complex in
the Growth, Differentiation, Stress Responses, and
Pathogenicity of Cryptococcus neoformans

Soon-Il Yun1,2 and Misgana Mengistu Asmare1
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Korea
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Department of Agricultural Convergence Technology, Jeonbuk National
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Jeollabuk-do 54896, Republic of Korea

The basidiomycete human fungal pathogen Cryptococcus neoformans
causes fatal meningoencephalitis both in immunocompromised patients
and immunocompetent individuals. However, the therapeutic options for
treatment of cryptococcosis are currently highly limited. As a potential
antifungal drug target, kinases have been considered to be good candidates
as some of them play critical roles in cellular mechanisms and virulence of
fungal pathogens. In our previous studies, we demonstrated that Cka1,
which is a serine/threonine kinase and the catalytic subunit of the casein
kinase 2 (CK2) complex, is involved in controlling the growth, morphology,
and pathogenicity of C. neoformans. In this study, we aim to further
characterize the functions and regulatory mechanism of the whole CK2
complex in C. neoformans. The cryptococcal CK2 complex consists of the
catalytic subunit Cka1 and two regulatory subunits, Ckb1 and Ckb2. The
ckb1Δ, ckb2Δ, and ckb1Δ ckb2Δ mutants exhibited increased susceptibility
to antifungal drugs, oxidative stress, and DNA damaging agents, albeit to a
lesser extent to the cka1Δ mutant, indicating that Ckb1 and Ckb2 play
accessary roles for Cka1. Notably, however, the cka1Δ ckb1Δ ckb2Δ triple
mutants showed more severe growth defects and greater stress susceptibility
than the cka1Δ mutants, indicating that the two regulatory subunits may
have Cka1-independent functions. Supporting this, we found that the CK2
complex is required for maintaining normal cell cycle and morphology.
Coimmunoprecipitation assay revealed physical interactions between
Cka1 and Ckb1, Cka1 and Ckb2, and Ckb1 and Ckb2, suggesting that the
CK2 complex has a heterotetramer structure (Cka1-Ckb1-Ckb2-Cka1).
Considering pleiotropic roles of the CK2 complex in C. neoformans, we
elucidated its downstream effector genes through RNAseq-based
transcriptomics analyses. Transcriptomics data have shown that the deletions
of CK2 components affect the expression level of hundreds of genes,
indicating that CK2 plays important roles in regulating cell maintenance. In
conclusion, this study provides a comprehensive insight into the function
and regulatory mechanism of the fungal CK2 complex.

Cryptosporidium parvum (Cp) is a major cause of a gastrointestinal disease
called Cryptosporidiosis. The C. parvum Inosine 5′monophosphate dehy
drogenase (CpIMPDH) was prioritized as the best drug target because the
parasite highly depends on it for its purine salvage pathway. In the present
study, 37 known urea-based congeneric compounds were used to build a 2D
and 3D QSAR model against CpIMPDH. The built models were validated
based on OECD principles. A deep learning model was adopted from a
framework called Deep Purpose. The model was trained with 288 known
active compounds and validated using a test set. From the training set of the
3D QSAR, a pharmacophore model was built and the best pharmacophore
hypotheses were scored and sorted using a phase-hypo score. A phytochemical
database was screened using both the pharmacophore model and a deep
learning model. The screened compounds were considered for glide XP
docking, followed by quantum polarized ligand docking. Finally, the best
compound among them was considered for the molecular dynamics
simulation study.
Keywords: CpIMPDH, deep learning, MD simulation

H-15
Association Study of OLA1 Genetic Polymorphism with
Thyroid Disease in the Korean Population
Minju Sung and Dahyun Hwang*
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Sciences, Hoseo University, Asan, Chungnam 31499, Republic of Korea
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Thyroid disease is caused by abnormalities in the thyroid gland, immune
diseases, and pituitary abnormalities and both genetic and environmental
factors influence disease. In this study, we analyzed the gene-related study of
thyroid disease in the Korean population using KARE cohort. As a result,
OLA1 (Obg like ATPase 1) showed statistically significant association with
thyroid disease. The 13 SNPs in OLA1 showed a significant association with
thyroid disease (p<0.05), and rs6728776 in OLA1 showed the most
statistically significant association (P-value=6.21×10–6, Odds Ratio=1.97,
95% Confidence Interval=1.47~2.65). The 6 SNPs are located in the
genomic eQTL (expression quantitative trait loci) region and can affect
transcription factor binding and gene expression. The genotype-based
mRNA expression analysis showed that the group of minor alleles of OLA1
showed decreased mRNA expression. OLA1 is upregulated in the tumor
tissues in various types of cancer, and it related to BRCA1 (breast cancerrelated genetic factor). OLA1 overexpression deteriorates the prognosis of
breast cancer. At present, it is difficult to know exactly how OLA1 affects
thyroid disease, however, our results show that this gene influences thyroid
disease and is particularly strongly associated with women disease. This
study may provide future research guidelines on the genetic link between
thyroid and breast cancer and this can provide new guidelines for the
management in thyroid treatment in the Korean population.
Keywords: Thyroid disease, OLA1, single nucleotide polymorphism
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Association Study of EFTUD2 Genetic Polymorphism with
Gout in the Korean Population

Genetic and Regulatory Mechanism of Lipase Activity in
the Plant Pathogenic Fungus Fusarium graminearum
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Gout is a renowned metabolic disease driven by hyperuricemia, which is
caused by hyperaccumulation of uric acid within the blood from accessive
purin metabolism. Such state results in inflammation in various articulates
and deposits urate tophi. This ultimately induces deformation of affected
articulates. There are many factors of gout, however, genetic and
environmental factors influence gout. In this study, we did the gene
association study with gout in a Korean population using KARE cohort. As
a result, 4 SNPs (genotype) and 29 SNPs (imputation) in EFTUD2
(Elongation Factoru tu GTP Binding Domain Containing 2) showed
statistical significance (p<0.05) with gout. Among them, rs8077272 of
EFTUD2 showed the most statistically significant association with gout
(P-value=7.6×10–5, Odds Ratio=1.35, 95% Confidence Interval=1.16~1.56).
The 13 SNPs is positioned within eQTL (expression quantitative trait loci)
and can affect transcription factor binding and gene expression. The result
of genotype-based mRNA expression analysis indicates that the minor allele
group of EFTUD2 increased the gene expression, and at the same time the
minor allele group showed increasing risk of gout. This indicates that
increase in EFTUD2 expression affects gout development. This study may
provide viable data on EFTUD2 on gout patients and this can provide new
guidelines for the management in gout treatment in the Korean population.

Fusarium graminearum is the important plant pathogenic fungus that
causes Fusarium head blight (FHB) on wheat and barley. To understand the
molecular mechanisms underlying fungal development, virulence, and
mycotoxin production, large collections of F. graminearum mutants and
their phenome database have been constructed. Lipases, which catalyze the
hydrolysis of long-chain triglycerides, participate in various biological
pathways. Phospholipases are expected to be important virulence factors
and some secreted fungal lipases are known to be involved in plant
pathogenicity. However, the roles and regulatory mechanisms of most
fungal lipases are largely unknown. In this study, we examined the biological
function and regulatory mechanisms of fungal lipases via two approaches.
At first, we identified 86 putative lipase-encoding genes (LIPs) of F.
graminearum and generated a genome-wide deletion mutant collection. We
analyzed phenotypic changes, such as vegetative growth, asexual and sexual
reproduction, and pathogenicity of the mutants, and many mutants showed
impaired phenotypes. Secondly, we examined the lipase activity of previously
constructed transcription factor (TF) mutants of F. graminearum, and
identified three TFs and one histone acetyltransferase which significantly
affect the extracellular lipase activity. The relative transcript levels of FgLIP1
and FGL1 were markedly reduced or enhanced in these TF mutants. The
mutants also showed severe defect in intracellular lipase activity, asexual and
sexual reproduction, and pathogenicity, which implies potential roles of
fungal lipases in diverse biological processes. This study is the first
comprehensive functional analysis of fungal lipases, and provides a valuable
genetic resource for further biological researches in filamentous fungi
including plant pathogens.

Keywords: Gout, EFTUD2, single nucleotide polymorphism

H-17
Genome-Scale Metabolic Network Model of Solvent
Tolerant Pseudomonas putida S12
Sol Han, Dohyeon Kim, Youngshin Kim, and Sung Ho Yoon*
Department of Bioscience and Biotechnology, Konkuk University, Seoul
05029, Republic of Korea

Keywords: Lipase, Fusarium graminearum

Pseudomonas putida group is well known gram-negative bacteria that can
degrade many chemicals including pollutant compounds due to its ability of
solvent tolerance. They have been used as platforms to produce natural
renewable resources or aromatic compounds. Among them, P. putida S12
grows well even in high concentrations of styrene or acetate and is found to
be resistant to the most types of solvents. Here, we present a genome-scale
metabolic network model of P. putida S12. The reconstruction was
conducted based on latest model of P. putida KT2440 and P. aeruginosa
PAO1 that have been published metabolic models and are closely related
strain. For the unique reactions of P. putida S12, we used RAVEN. This
model was validated and manually curated by comparing FBA simulation
and growth data using phenotype microarray tests allowing simultaneous
testing of about 2,000 of nutrients or pH stress etc. in aerobic condition and
the model accuracy is over 85%. This study can contribute to the
understanding of metabolism of P. putida S12 in bioremediation and
industrial bacteria design.
Keywords: Genome-scale metabolic network model, Pseudomonas putida
S12, solvent-tolerence
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Transcriptional Regulation of the Mediator Head Module
in Fission Yeast Schizosaccharomyces pombe

Roles of Condensin for Iron Regulation in
Schizosaccharomyces pombe

JiHyun Kim and Kyoung-Dong Kim*

Seongho An and Kyoung-Dong Kim*

Department of Systems Biotechnology, Chung-Ang University, Anseong
17546, Republic of Korea

Department Systems Biotechnology, Chung-Ang university, Anseong
17546, Republic of Korea

Mediator is highly conserved multi-subunit complex from yeast to human
that acts as co-activator of RNA Polymerase II. Mediator complex consists
of head, middle, tail and kinase domains. Mediator has a role in global
transcriptional regulation, but the role of each domain has not been
uncovered. The mediator head module, which includes Med8-Med18Med20 and other core subunits, contacts pol II and general transcription
factor. Here, we employed the auxin inducible degron (AID) system to
rapidly deplete mediator components med8 and med20 in fission yeast and
confirmed that the proteins were effectively degraded within 30 min by
using AID system. Next, we investigated genome-wide transcriptional
regulation under the mediator depleted condition, and found that the
mediator head module functions specifically for transcriptional regulation
of the Ace2 target genes. Further studies will be needed to investigate the
contribution of the mediator head module among the mediator complexes.

Condensin is one of structural maintenance of chromosomes (SMC)
complexes, which is highly conserved from yeast to higher eukaryotes and
functions in hierarchical genome organization. It is reported that condensin
has distinct binding sites including highly expressed genes, Pol III genes,
and Ace2/Ams2 targeting genes and is involved in long-range genomic
association in Schizosaccharomyces pombe. In this study, we have explored a
novel target of condensin through transcriptional analyses in condensin
depleted condition, cut3-477 and cut14-208. Interestingly, our RNA-seq
data revealed that a group of genes involved in Fep1 regulon are significantly
upregulated in condensin depleted condition, cut3-477 and cut14-208. The
abnormal upregulation of Fep1 regulon was confirmed by intensive RT-PCR
analyses. However, total iron concentration and iron responsive transcription
was not changed in condensin mutant. We employed auxin-inducible
degron (AID) system to effectively deplete Cut3 and Cut14 protein and
confirmed mis-regulation of Fep1 regulon. Further works will be required to
elucidate the functional relationship between condensin and Fep1.

Keywords: Mediator, ranscriptional regulation

Keywords: SMC complex, condensin, iron regulation
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Transcriptome Landscape of the Intestinal Probiotic
Escherichia coli Nissle 1917

Reconstruction of Metabolic Network Model of
an Intestinal Probiotic Escherichia coli Nissle 1917

Youngshin Kim, Dohyeon Kim, and Sung Ho Yoon*

Dohyeon Kim, Youngshin Kim, and Sung Ho Yoon*

Department of Bioscience and Biotechnology, Konkuk University, Seoul
05029, Republic of Korea

Department of Bioscience and Biotechnology, Konkuk University, Seoul
05029, Republic of Korea

Escherichia coli Nissle 1917 (EcN) is a representative gram-negative
probiotic that is effective for the treatment of intestinal disorders, such as
inflammatory bowel disease and ulcerative colitis. Here, we determined the
transcriptome structure of the EcN by integrating two independent
approaches of high-resolution tiling-array and differential RNA sequencing
(dRNA-seq) combined with genome reannotation. EcN transcriptome was
analysed under various different culture conditions: culture media (rich vs.
minimal), oxygen availability (aerobic vs. anaerobic), culture pH (7.0 vs.
5.5), and growth stage (exponential vs. stationary phase). The transcriptome
structure analysis generated a detailed annotation of transcription start site
and transcription unit, as well as the identification of novel putative genes
and non-coding small RNAs. Gene expression profiling was analysed to
understand global responses of EcN to specific culture conditions and
growth stages. Analyses of transcriptome structure and profiling provide
new insights into gene regulation and cellular processes of EcN.

The probiotic Escherichia coli Nissle 1917 (EcN) has been widely used
for the treatment of intestinal disorders such as ulcerative colitis and
inflammatory bowel disease. Although probiotic properties of EcN have
been intensively investigated in the last century, systems understanding
of EcN is still at an early stage. We reconstructed a highly elaborate and
comprehensive EcN metabolic model. The model was validated and
updated by comparing simulation results with experimental results from
phenotype microarray (PM) test. To identify genetic determinants of EcNspecific phenotypes, PM data of EcN and the intestinal commensal E. coli
K-12 MG1655 were compared. The genome-scale metabolic model of EcN,
named iDK1463, contains 1463 genes, 1313 metabolites, and 2984 metabolic
reactions. Metabolic simulations using the model provided insights into
metabolic mechanisms in which EcN colonizes and persists in gut. iDK1463
will contribute to a systems understanding of EcN and development of live
cell therapeutics.

Keywords: Escherichia coli Nissle 1917, transcriptome structure, novel genes

Keywords: Escherichia coli Nissle 1917, metabolic network model, phenome
analysis
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Different Photosynthetic Regulations of Synechocystis sp.
PCC 6803 in Response to Photosynthesis Inhibitory
Stresses

Involvement of Neural Transient Receptor Potential
Channels in Peripheral Inflammation by Naringin

Sang-Hyeok Cho1, Suhyung Cho1,2*, and Byung-Kwan Cho1,2*

Department of Biotechnology, Chonnam National University, Gwangju
61186, Republic of Korea

Junho Lee

1

Department of Biological Sciences, Korea Advanced Institute of Science
and Technology, Daejeon 34141, Republic of Korea, 2KAIST Institute for
the BioCentury, Korea Advanced Institute of Science and Technology,
Daejeon 34141, Republic of Korea

TRPV1 is activated in response to capsaicin, protons, temperature, and free
reactive oxygen species (ROS) released from inflammatory mol-ecules after
exposure to harmful stimuli. The expression level of TRPV1 is elevated in
the dorsal root ganglion, and its activation through capsaicin and ROS
mediates neuropathic pain in mice. Its expression is high in peripheral and
central nervous systems. Although pain is a response evolved for survival,
many studies have been conducted to develop analgesics, but no clear results have been reported. Here, we found that naringin selectively inhibited
capsai-cin-stimulated inward currents in Xenopus oocytes using twoelectrode voltage-clam. The results of this study showed that naringin has
IC50 value of 33.3 μM on TRPV1. The amino acid residues D471 and N628
of TRPV1 were involved in its binding to naringin. Our study bridged the
gap between the pain suppression effect of TRPV1 and the preventive effect
of naringin on neuro-pathic pain and oxidation. Naringin had the same
characteristics as a model selective antagonist, which is claimed to be ideal
for development of analgesics targeting TRPV1. Thus, this study suggests
the applicability of naringin as a novel analgesic candidate through
antioxidative and analgesic effects of naringin.

Cyanobacteria can produce diverse natural and nonnative value-added
biochemicals from CO2 and light. To fully utilize the potency, it is critical to
understand their photosynthetic regulations under environmental
conditions. Here, we elucidated the inhibitory mechanisms of photosynthesis
under high-light (HL) and low-temperature (LT) stress in the model
cyanobacterium Synechocystis sp. PCC 6803. Under each stress condition,
the transcript abundance and translation efficiency were measured by RNAseq and Ribo-seq, and the genome-wide transcription unit (TU) was
constructed by integration of transcription start sites and transcript 3′-end
positions obtained from TSS-seq and Term-seq, respectively. Our results
suggested that the mode of photosynthesis inhibition differed between the
two stress conditions; HL stress induced photodamage responses, while LT
stress impaired the translation efficiency of photosynthesis genes. In
particular, poor translation of PSI resulted from ribosome stalling at the
UTR, affecting the overall photosynthetic yield under LT. Our multiomics
analysis with TU architecture provides foundational information on
photosynthesis for industrial strain development.

Keywords: Antioxidant

Keywords: Cyanobacteria, photosynthesis, multi-omics analysis
[This work was supported by the C1 Gas Refinery Program (2018M3
D3A1A01055733 to B.-K.C.) and the Basic Core Technology Development
Program for the Oceans and Polar Regions (2016M1A5A1027458 to B.-K.C.
and 2016M1A5A1027455 to S.C.) through the National Research Foundation
(NRF) funded by the Ministry of Science and ICT (MSIT).]
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Obese Gut Microbiota Can Be Critically Affected by
Antibiotics Administration, Compared to a Healthy
Condition

Foot-and-Mouth Disease Virus VP1 Interacts with MAVS
to Inhibit Type-I Interferon Signaling Pathway and VP1
E83K Substitution Results in Virus Attenuation

Jungman Kim1,2, Minwoo Kim2, and Tatsuya Unno1,2*

Kiramage Chathuranga1, Pathum Ekanayaka1, Seo-Yong Lee1,2,3,
Jong-Hyeon Park2, and Jong-Soo Lee1*

1

Subtropical/Tropical Organism Gene Bank (SOGB), Jeju National
University, Jeju 63243, Republic of Korea, 2Faculty of Biotechnology,
College of Applied Life Sciences, SARI, Jeju National University,
Jeju 63243, Republic of Korea

1

College of Veterinary Medicine, Chungnam National University, Daejeon,
Republic of Korea, 2Animal and Plant Quarantine Agency,
Gyeongsangbuk-do, Republic of Korea, 3FVC, Gyeongsangbuk-do,
Republic of Korea

Treatment of antibiotics is a helpful medication to prevent and treat diseases,
caused by bacterial infections. However, a few bacteria can survive against
antibiotic action through diverse strategies including synthesis of antibiotic
inactivating enzymes, alteration of antibiotic targets, and change in
antibiotics channel in the cell membrane. The survived antibiotic resistance
bacteria result in horizontal gene transfer of ARGs, which is a major cause of
increasing ARGs in host gut microbiota. The gut resistome may possibly
change antibiotic efficacy and be transferred to potential pathogens through
the modulating ARGs with other genetic factors (i. e., mobile genetic
elements). In this study, we investigated the effects of antibiotics on obese
gut microbiota using a mouse model fed HFD for 13 weeks. Antibiotics
including amoxicillin (AMX) (25 mg/kg/day), ciprofloxacin (CIP) (16 mg/
kg/day), and erythromycin (ERY) (5 mg/kg/day) were administrated for 3
days after feeding normal diet (ND) and HFD for 13 weeks. After antibiotics
treatment, we monitored the shift in gut microbiota based on MiSeq data
analysis of 16S rRNA genes for 2 weeks. All antibiotics treatment showed
more decreases in bacterial richness and evenness in HFD-fed groups
compared to ND-fed groups. At the phylum level, two antibiotics including
AMX and CIP dramatically decreased Bacteroidetes in gut microbiota while
ERY treatment was decreased in Firmicutes. In addition, all HFD-fed
groups had significantly higher abundance of Lactococcus which was a
dominant species survived against antibiotic administration. The
differentially abundant genera showed that the feeding diet type affected the
increase or decrease in the species during the recovery of gut microbiota.
These findings suggest that gut dysbiosis induced by HFD is affected by
antibiotics treatment more than normal health conditions, which may be
associated with the changes in gut resistome.

VP1, a pivotal capsid protein encoded by the foot-and-mouth disease virus
(FMDV), plays an important role in receptor-mediated attachment and
humoral immune responses. Previous studies show that amino acid changes
in the VP1 protein of cell culture-adapted strains of FMDV alter the
properties of the virus. In addition, FMDV VP1 modulates host IFN signal
transduction. Here, we examined the ability of cell culture-adapted FMDV
VP1(83K) and wild-type FMDV VP1(83E) to evade host immunity by
blocking mitochondrial antiviral signaling protein (MAVS)/TNF Receptor
Associated Factor 3 (TRAF3) mediated cellular innate responses. Wild-type
FMDV VP1(83E) interacted specifically with the C-terminal TRAF3binding site within MAVS, and this interaction inhibited the binding of
TRAF3 to MAVS, thereby suppressing interferon-mediated responses. This
was not observed for cell culture-adapted FMDV VP1(83K). Finally,
chimeric FMDV harboring VP1(83K) showed very low pathogenicity in
pigs. Collectively, these data highlight a critical role of VP1 with respect to
suppression of type-I IFN pathway and attenuation of FMDV by the E83K
mutation in VP1.
Keywords: FMDV VP1, E83K substitution, type-I IFN pathway
[National Research Foundation
2021R1A6A1A03045495)]
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4-Plex PCR for Screening of Clinically Important
Coagulase-Negative Staphylococci (CNS) in Animals and
Facility Environment

Negative Regulation of RIG-I and MDA5 Mediated
Immune Signaling by Foot and Mouth Disease Virus
Non-Structural Protein 2B

Minji Seong1,2, Dae-Young Han1, Dongkyu Kim1, Kil-Soo Kim1, and
Eui-Suk Jeong1*

Asela Weerawardhana1, Jong-Hyeon Park2, and Jong-Soo Lee1*
1

College of Veterinary Medicine, Chungnam National University, Daejeon,
Republic of Korea, 2Animal and Plant Quarantine Agency, 177 Hyeoksin
8-ro, Gyeongsangbuk-do, Gimcheon-si 39660, Republic of Korea

1

Preclinical Research Center, Daegu-Gyeongbuk Medical Innovation
Foundation, Daegu, Republic of Korea, 2Department of Biological
Sciences, Pusan National University, Busan, Republic of Korea

The highly contagious foot-and-mouth disease (FMD) which is caused by
foot-and-mouth disease virus (FMDV) is an acute disease affecting clovenhoofed animals. FMDV nonstructural protein 2B plays an important role in
the rearrangement and disruption of host cell membranes, also known for
its function as a viroporin. In addition, FMDV 2B involves in modulating
host immune signaling. Here we examined the ability of FMDV 2B to evade
host immune response by targeting retinoic acid-inducible gene-1 (RIG-I)
and melanoma differentiation-associated gene-5 (MDA5). FMDV 2B target
RIG-I for ubiquitination and proteosomal degradation by recruiting E3
ubiquitin ligase ring finger protein 125 (RNF125), and target MDA5 for
apoptosis-induced Caspase-3 and Caspase-8 dependent degradation.
Furthermore, FMDV 2B 125-154 amino-acid region is important for both
RIG-I and MDA5 degradation. Finally, mutant virus harboring FMDV 2B
125-154 amino-acid deletion shows attenuated phenotypes in pigs.
Altogether these data contrast the critical role of FMDV 2B in downregulating
host immune response by targeting RIG-I and MDA5 with two different
mechanisms which advance the pathogenesis and lead for severe FMD
infections.

Staphylococcus species are facultative anaerobic organisms and gram-positive
bacteria. Staphylococci were divided with coagulase-positive staphylococci
(CPS) and coagulase-negative staphylococci (CNS). Staphylococci were
common existed human skin, nares, and gastrointestinal tract. However,
Staphylococcus aureus clearly is able to cause serious disease to laboratory
animal. Also, CNS usually have been regarded as nonpathogenic, but they
have enough capability of causing disease to laboratory animal; especially
immunodeficiency mouse. Because of the increasing pathogenic significance
of CNS, rapid and accurate their precise identification at species level
identification methods are required for the assessment of the pathogenic
potential of individual CNS species and for the development of speciesspecific management strategies. Conventional polymerase chain reaction
(PCR) were used to identify 4 different clinically important CNS in animals.
Specific primers were designed to specific multiplex PCR to devise a rapid
and accurate identification method of Staphylococcus saprophyticus,
Staphylococcus lentus, Staphylococcus chromogenes and Staphylococcus
epidermidis. The accuracy of this method was higher than that of phenotypic
identification; the method is simple and less time-consuming than 16S
rRNA sequencing. The efficient multiplex PCR detection method developed
in this study may contribute accurate and rapid detection of S. saprophyticus,
S. lentus, S. chromogenes and S. epidermidis.

Keywords: FMDV 2B, RNF125, recombinant virus
[National Research Foundation of Korea (2018M3A9H4079660,
2021R1A6A1A03045495)]

Keywords: Staphylococcus, coagulase-negative staphylococci, multiplex PCR
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Foot-and-Mouth Disease Virus 3C Protease Target RIG-I
and MDA5 to Antagonize Host Immune Response

Foot-and-Mouth Disease Virus Structural Protein VP4
Inhibits the IRF3 Nuclear Translocation to Downregulate
Host Type-I Interferon Pathway

Asela Weerawardhana1, Pathum Ekanayaka1, Jong-Hyeon Park2, and
Jong-Soo Lee1*

Ashan Danushka Subasinghe and Jong-Soo Lee*

1

College of Veterinary Medicine, Chungnam National University, Daejeon,
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8-ro, Gyeongsangbuk-do, Gimcheon-si 39660, Republic of Korea

College of Veterinary Medicine, Chungnam National University, Daejeon,
Republic of Korea
Foot-and-mouth disease (FMD) is a highly infectious virus and is a causative
agent of acute vesicular diseases that affect pigs, cattle, and other domestic
and wild hoof animals.VP4 is one of the 4 structural proteins involved in the
formation of the viral capsid, which is also involved in evading the type-I
interferon (IFN) pathway. Overexpression of FMDV-VP4 downregulates
the IFN signaling in porcine (PK15, PAM, and LFBK) and human
(HEK293T) cell lines, thus increasing Vesicular Stomatitis Virus (VSV-GFP)
and Influenza virus (PR8-GFP) replication in the virus replication study.
FMDV-VP4 transient transfection or stably over-expression exhibited a
minimal secretion of pro-inflammatory cytokine and negatively regulated
the transcription of IFN stimulatory genes. In the IFN-related luciferase
reporter assay, VP4 causes downregulation of IFN promoter activity until
the level of IRF3-5D. Studies revealed that VP4 does not inhibit the IRF3
dimerization and phosphorylation. The current study demonstrates the
inhibition of IRF3 nuclear localization from VP4 by competitively
interacting with KPNA4 and KPNA2 in vitro. KPNA molecules are the
transporters of IRF3 to the nuclear compartment. Both KPNA molecules
interacted with VP4 in overexpression and endogenous conditions, and the
competition assay shows VP4 has a higher binding affinity to KPNA
molecules than IRF3. These results collectively suggest that FMDV-VP4
negatively regulates the type-I IFN pathway and leads to severe FMDV
infection.

3C protease (3Cpro), a chymotrypsin-like cysteine protease encoded by the
foot-and-mouth disease virus (FMDV), plays an essential role in processing
the FMDV P1 polyprotein into individual viral capsid proteins in FMDV
replication. Previously, it has been shown that 3Cpro has involved in the
blockage of the host type-I interferon (IFN) responses by FMDV. However,
the underlying mechanisms are poorly understood. Here, we demonstrated
that the protease activity of 3Cpro contributed to the degradation of RIG-I
and MDA5, key cytosolic sensors of the type-I IFN signaling cascade in
proteasome, lysosome and caspase-independent manner. And also, we
examined the degradation ability on RIG-I and MDA5 of wild-type FMDV
3Cpro and FMDV 3Cpro C142T mutant which is known to significantly
alter the enzymatic activity of 3Cpro. The results showed that the FMDV
3Cpro C142T mutant dramatically reduce the degradation of RIG-I and
MDA5 due to weakened protease activity. Thus, the protease activity of
FMDV 3Cpro governs its RIG-I and MDA5 degradation ability and
subsequent negative regulation of the type-I IFN signaling. Importantly,
3Cpro C142T mutant harboring FMD viruses showed moderate attenuation
of FMDV in a pig model. In conclusion, our results indicate that a novel
mechanism evolved by FMDV 3Cpro to counteract host type-I IFN
responses and a rational approach to virus attenuation could be utilized for
future vaccine development. The protease activity of FMDV 3Cpro governs
its RIG-I and MDA5 degradation ability and subsequent negative regulation
of the type-I IFN signaling. Importantly, 3Cpro C142T mutant harboring
FMD viruses showed moderate attenuation of FMDV in a pig model. In
conclusion, our results indicate that a novel mechanism evolved by FMDV
3Cpro to counteract host type-I IFN responses and a rational approach to
virus attenuation could be utilized for future vaccine development. The
protease activity of FMDV 3Cpro governs its RIG-I and MDA5 degradation
ability and subsequent negative regulation of the type-I IFN signaling.
Importantly, 3Cpro C142T mutant harboring FMD viruses showed
moderate attenuation of FMDV in a pig model. In conclusion, our results
indicate that a novel mechanism evolved by FMDV 3Cpro to counteract
host type-I IFN responses and a rational approach to virus attenuation could
be utilized for future vaccine development.

Keywords: FMDV-VP4, KPNA, IRF3
[National Research Foundation
2021R1A6A1A03045495)]

Keywords: FMDV 3Cpro, type-I IFN pathway, attenuated virus
[National Research Foundation of Korea (2018M3A9H4079660,
2021R1A6A1A03045495)]
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zf-FCS Sequence Motif of African Swine Fever Virus
B175L Downregulates Type I Interferon Targeting STING
and Noncanonical cGAMP

Inhibition of MAVS Aggregation-Mediated Type-I
Interferon Signaling by Foot-and-Mouth Disease Virus
VP3

Lakmal Ranathunga and Jong-Soo Lee*

Ashan Danushka Subasinghe1, Pathum Ekanayaka1, Sung Ho Shin2,
Jong-Hyeon Park2, and Jong-Soo Lee1*

College of Veterinary Medicine, Chungnam National University, Daejeon,
Republic of Korea

1

College of Veterinary Medicine, Chungnam National University, Daejeon,
Republic of Korea, 2Animal and Plant Quarantine Agency, Gyeongsangbukdo, Republic of Korea

Cytosolic viral DNA activates cGAS (cyclic GMP-AMP synthase)-STING
(stimulator of interferon genes) signaling through 2′,3′-cGAMP (cyclic [G
(2′, 5′) pA ( 3′, 5′) p]), triggering STING polymerization and translocation
from the endoplasmic reticulum (ER) to ERGIC/Golgi that result in
interferon and inflammatory responses against the infection. However,
many viruses have evolved mechanisms to hijack such immune responses
for survival. African Swine Fever (ASF) is a highly contagious transboundary
viral disease that often confers fatalities in pigs. The pathogen African Swine
Fever Virus (ASFV) is a nucleocytoplasmic large DNA virus (NCLDV) that
masks the elements of the host’s immunity by ASFV-encoded multiple
proteins whose pathogenicity is inadequately understood. This study found
ASFV uncategorized protein B175L that possesses MYM-type Zinc finger
with FCS sequence motif as a type I interferon (IFN-I) antagonist. MYMFCS motif of B175L binds with both 2′,3′-cGAMP, and STING; the B175LSTING interaction occurs at the cyclic dinucleotide (CDN) binding domain
(CBD) of STING (185AA-270AA), whereas the STING R238A+Y240A
mutation reversed the affinity. Together, our insights explain the tight
control of STING signaling by ASFV B175L, the blockade of 2′,3′-cGAMPSTING interaction, and STING polymerization that potentially disturbs
ERGIC/Golgi trafficking.

As a structural protein of the foot-and-mouth disease virus (FMDV), VP3
plays an important role in virus assembly and escaping the host’s innate
immune response to promote FMDV replication. Previous studies
demonstrated that FMDV VP3 blocks the type-I IFN response via inhibiting
the mRNA expression of the mitochondrial antiviral-signaling protein
(MAVS). However, the underline mechanism is poorly understood. Here we
identified the specificity of VP3 interaction with MAVS for the negative
regulation of type-I IFN antiviral responses for effective replication of
FMDV. Further, we describe that the transmembrane (TM) domain is the
specific region of MAVS which interacts with the FMDV VP3. The TM
domain of MAVS governs the mitochondria localization of MAVS, and it is
a key factor in type-I IFN signaling transduction via MAVS aggregation.
Thereby, the interaction of FMDV VP3 with the TM domain of MAVS leads
to the inhibition of MAVS mitochondria localization, self-association, and
aggregation, resulting in the suppression of type-I IFN response, as shown in
the results. These data provide a clear understanding of a key molecular
mechanism used by the FMDV VP3 to suppress IFN responses via targeting
MAVS.

Keywords: African swine fever virus, type I interferon, STING

Keywords: FMDV VP3, MAVS, mitochondria localization

[National Research Foundation of Korea (2021R1A6A1A03045495)]

[National Research Foundation of Korea (2018M3A9H4079660,
2021R1A6A1A03045495)]

I-9
Strategies for Collecting and Analyzing Drug-Resistant
Strains in the Environment and the Clinic
Kyung-Tae Lee
Korea Zoonosis Research Institute, Jeonbuk National University, Iksan
54531, Jeonbuk, Republic of Korea
In the concept of One-Health, the most important medium that connects
our surroundings and the natural environment is wild animals, through
which many zoonotic diseases can spread. In particular, it has been reported
that drug resistance of microorganisms can be developed by anti-microbial
agents sprayed in large quantities on farmland and can be spread by the wild
animals. The opportunistic infections by microorganisms with drug
resistance may increase as these strains are introduced into cities. In this
study, the medium connecting the environment, animals, and humans was
assumed to be animals with relatively high body temperature. The
experiment is to compare and analyze the degree of drug resistance of these
strains with reference strains and clinical strains by collecting hightemperature-resistant fungal strains from hospital patients or from animal
or bird feces in the environment. In the samples, it was possible to selectively
classify fungi under the acidic and high-temperature culture conditions,
where bacteria are difficult to reproduce. It is possible to isolate and identify
fungi, and to measure susceptibility to commercially available antifungal
agents. The obtained strains can be comparatively analyzed according to the
collection location and can be provided as a database that can
comprehensively predict the distribution and migration route of antifungal
resistance-related genes.
Keywords: Drug-resistant strain, zoonotic fungal pathogen, fungal collection
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African Swine Fever Virus Virulence Determinant UK Gene
Targets IRF3-NLS and Negatively Regulate cGAS-STING
Pathway

Characterization of a Novel Disease Caused by
Trichothecium ovalisporum JWMPF43 in Hysizygus
marmoreus

Niranjan Dodantenna and Jong-Soo Lee*

Min Keun Kim, Soon Ae Sim, Ah Young Kim, Jae Hyeuk Choi, and
Young Ho Chang

College of Veterinary Medicine, Chungnam National University, Daejeon,
Republic of Korea

Environmental Agriculture Research Division, Gyeongnam Agricultural
Research and Extension Services, Jinju 660-360, Republic of Korea

The highly contagious African swine fever virus (ASFV) is currently giving
rise to a pandemic affecting wild boars and domestic swine causing
catastrophe to the pig industry. For efficient infection in the host, ASFV has
developed multiple strategies to eliminate host innate immune responses.
However, the evasion mechanism of ASFV remains elusive. Upon ASFV
infection, the cytosolic DNA sensor cyclic GMP-AMP synthase (cGAS)
induced antiviral signals transferred to interferon regulatory factor 3 (IRF3)
via stimulated interferon gene (STING) to promote antiviral gene
transcription. In this study, we demonstrated a novel immune evasion
mechanism of the ASFV UK (Uridine Kinase) gene that blocks IRF3
dependent antiviral responses. Ectopic expression of the UK gene enhanced
both DNA and RNA virus replication and blocked the production of IFN-β
and IL-6 in porcine alveolar macrophages (PAM). Mechanistically, the
ASFV UK gene interacted with the IRF3 nuclear localization signal (NLS)
and inhibited IRF3 nuclear translocation which in turn suppressed IFNmediated antiviral responses. Despite being proven as a virulence gene in
ASFV, we here report the exact mechanism behind the innate immune
evasion of the ASFV UK gene. Taken together we here confirm that the
highly conserved UK gene is an excellent candidate for live attenuated
vaccine development against ASFV infection.

In 2021, unusual symptoms on Hysizygus marmoreus were observed on
mushroom farms in Gyeongnam Province. One of the main symptoms was
the inhibition of mycelial growth in H. marmoreus and conidiospores over
the surface of mushroom media. Colonies on the surface were rapidly
overwhelm mushroom media and developed many spores within 7-9 days.
The colonized surface turns pale orange color. A contaminated media
eventually did not form the primordia and fruit body and became rotten
with rancidity. Microscopically the codinia single septum were ellipsoidal to
cylindrical or obovoid in a size of 4.5 to 5.3×3.3 to 4.1 µm. The phylogenetic
tree obtained from the ITS sequence analysis showed that the isolated fungal
pathogen corresponded to Trichothecium ovalisporum (99.6%). This is the
first report of fungal disease on H. marmoreus caused by Trichothecium
ovalisporum.
Keywords: Disease, Trichothecium ovalisporum, Hysizygus marmoreus

Keywords: African swine fever virus (ASFV), ASFV-UK gene, IRF3-NLS
[National Research Foundation of Korea (2021R1A6A1A03045495), Ministry
of Environment (MOE) of the Republic of Korea (NIWDC-2021-SP-02)]
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Characterization of a Novel Disease Caused by
Cladobotryum paravirescens SRMPF1 in Hysizygus
marmoreus

Isolation and Characterization of Symbiotic Bacteria
Isolated from Microalga, Chlorella fusca Used as
Biostimulator in Organic Agriculture Fields

Min Keun Kim, Soon Ae Sim, Ah Young Kim, Jae Hyeuk Choi, and
Young Ho Chang

Min Jeong Kim, Chang-Ki Shim*, Jae-Hyeong Lee*, and
Choeki Wangchuk *

Environmental Agriculture Research Division, Gyeongnam Agricultural
Research and Extension Services, Jinju 52733, Republic of Korea

Organic Agriculture Division, National Institute of Agriculture Sciences,
Wanju 55365, Republic of Korea

In 2021, unusual symptoms on Hysizygus marmoreus were observed on
mushroom farms in Gyeongnam Province. One of the main symptoms was
the cobweb-like growth of fungal mycelium over the surface of mushroom.
Colonies on the surface were rapidly overwhelm mushrooms and developed
many spores within 3-4 days. The colonized surface turns pale brown color.
The fruit body eventually turned dark brown and became rotten with
rancidity. Microscopically the spores with single septum are large and 2-4
celled produced on vertically branched conidiophores. The size was 17.019.3 µm long, 6.8-7.9 µm thick. The shape of conidia was ellipsoid and
obovoid. The phylogenetic tree obtained from the ITS sequence analysis
showed that the isolated fungal pathogen corresponded to Cladobotryum
paravirescens (100.0%). This is the first report of fungal disease on H.
marmoreus caused by Cladobotryum paravirescens.

In nature or mass culture, microalgae live together with bacterial com
munities and may maintain symbiotic relationships. In general interactions,
microalgae dissolved organic carbon that becomes available to bacteria
growth. This experiment was conducted to estimate the symbiosis of
bacteria with microalgae used for biostimulate in agriculture fields. We
isolated and characterization of six bacterial isolates from mass culture of
microalgae, Chlorella fusca at 28℃ for seven days. All of bacterial isolates
were incompatible with C. fusca during the cultivation in BGMM (BG11
modified media). The bacterial isolates promoted the growth of C. fusca
combined treatment with each of the isolates than single treatment for seven
days. The results of this study suggest that the symbiotic microalgae-bacteria
consortia could be utilized to improve microalga biomass and to activate the
antifungal activities against plant pathogens in the application of organic
agricultural field.

Keywords: Cladobotryum sp., disease, Hysizygus marmoreus

Keywords: Symbiotic bacteria, microalgae, Chlorella fusca

518

49th Annual Meeting & International Symposium

2022 KMB Selected Five Leading Technologies in Microbiology and Biotechnology

I-14

The Korean society for
Microbiology and Biotechnology

I-15

Gut Microbiome Signatures Distinguish Type 2 Diabetes
Mellitus from Non-Alcoholic Fatty Liver Disease

Origin of Mycobiome Inside Lichen Thallus: Horizontal or
Vertical Transmission?

Jiyeon Si1, Giljae Lee2, Hyun Ju You1,5, Sae Kyung Joo3,
Dong Hyeon Lee3, Bon Jeong Ku4, Won Kim3*, and GwangPyo Ko2,5,6,7*

Ji Ho Yang1,2, Jung-Jae Woo1,2, Seung-Yoon Oh3, Wonyong Kim1, and
Jae-Seoun Hur1*
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Korea Lichen Research Institute, Sunchon National University, Republic
of Korea, 2Department of Biology, Sunchon National University, Republic
of Korea, 3Department of Biology and Chemistry, Changwon National
University, Republic of Korea
Lichen is known as mutualism between mycobiont and photosynthetic
partners harboring diverse organisms including endolichenic fungi (ELF).
ELF represent non-symptomatic fungi inside lichen thallus and their
diversity of taxonomy and secondary metabolites has attracted attention as
novel bioresources. However, the origin of ELF (i.e., transmission type:
horizontal or vertical) is still not clear. Thus, we conducted comparative
analyses about ELF community inside lichen hosts with different
geographical distributions and genotypes. We hypothesized that the
diversity, similarity and network of ELF community would be affected by
host’s phylogenetic or regional difference. We collected 103 foliose lichens,
Parmotrema tinctorum in three regions with different climates. After
phylogenetic analysis, 103 lichen hosts were clustered into three haplotype
groups. The alpha diversity of ELF community was affected by regional
difference rather than host haplotype. Community similarity analyses also
revealed that ELF community vary dependently on locational difference,
not on host phylogeny. However, ELF diversity didn’t have relationship with
temperature or precipitation. Notably, diversity and network indices of ELF
community were associated with human impacts. Population and business
density showed negative relationships with diversity and nestedness of ELF
community. Here, we show the ELF community is closely related to not host
genotype but geographical difference, especially human impacts.

Non-alcoholic fatty liver disease (NAFLD) is closely associated with type 2
diabetes mellitus (T2D), and these two metabolic diseases demonstrate
bidirectional influences. The identification of microbiome profiles that are
specific to liver injury or impaired glucose metabolism may assist
understanding of the role of the gut microbiota in the relationship between
NAFLD and T2D. Here, we studied a biopsy-proven Asian NAFLD cohort
(n=329; 187 participants with NAFLD, 101 with NAFLD and T2D, and 41
with neither) and identified Enterobacter, Romboutsia, and Clostridium
sensu stricto as the principal taxa associated with the severity of NAFLD and
T2D, whereas Ruminococcus and Megamonas were specific to NAFLD. In
particular, the taxa that were associated with both severe liver pathology and
T2D were also significantly associated with markers of diabetes, such as
fasting blood glucose and Hb1Ac. Enterotype analysis demonstrated that
participants with NAFLD had a significantly higher proportion of
Bacteroides and a lower proportion of Ruminococcus than a Korean healthy
twin cohort (n=756). However, T2D could not be clearly distinguished from
NAFLD. Analysis of an independent T2D cohort (n=185) permitted us to
validate the T2D-specific bacterial signature identified in the NAFLD
cohort. Functional inference analysis revealed that endotoxin biosynthesis
pathways were significantly enriched in participants with NAFLD and T2D,
compared with those with NAFLD alone. These findings may assist with the
development of effective therapeutic approaches for metabolic diseases that
are associated with specific bacterial signatures.

Keywords: Endolichenic fungi, haplotype, geographical distance

I-16
Rescue of Recombinant SARS-CoV-2 Viruses Utilizing a
Reverse Genetics System
Sojung Bae and Jinjong Myoung*

Keywords: Type 2 diabetes mellitus, non-alcoholic fatty liver disease, gut
microbiome

Molecular Virology Laboratory, Korea Zoonosis Research Institute,
Jeonbuk National University, 820-120, Hana-ro, Iksan-si, Jeollabuk-do
54531, Korea
In December 2019, the coronavirus illness 2019 (COVID-19) first appeared
in Wuhan. COVID-19 had been confirmed in over 200 countries as of May
2022, resulting in 6 million deaths. Spike proteins are being used as an
immunogen in the development of CVID-19 vaccines. However, the efficacy
of existing vaccinations is declining as a result of the introduction of the
variant virus driven by the SARS-CoV-2 mutation. Understanding SARSbiological CoV-2’s features are crucial to overcoming this barrier. The use of
a reverse genetics system in vaccine development research is a big step
forward. In this study, we created infectious SARS-CoV-2 cDNA and
recombinant viruses. In addition, we generated recombinant SARS-CoV-2
(rSARS-CoV-2) with fluorescent genes (EGFP or mNeon). The fluorescent
expressing-rSARS-CoV-2 has growth kinetics compared to wild-type virus.
Keywords: SARS-CoV-2, reverse-genetics-system, recombinant-virus
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Mutation of exo-P Like Gene in Ralstonia solanacearum
Reduces Extracellular Polysaccharide Production and
Bacterial Virulence in Tomato Plant

Exploiting the Gut Microbiota as a Prognostic Biomarker
for Colorectal Cancer
Ji-Won Huh, Hyeon Gwon Lee, and Jihyun F. Kim*

Hyoung Ju Lee1, Sang-Moo Lee1, Jing Wu2, and Seon-Woo Lee1*

Department of Systems Biology, Yonsei University, Seoul 03722,
Republic of Korea
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Department of Applied Biology, Dong-A University, Busan 49315,
Republic of Korea, 2Department of Biological and Pharmaceutical
Engineering, Wuhan Polytechnic University, Wuhan 430023, P.R. China

Recurrence is becoming a serious concern for colorectal cancer (CRC)
patients because reportedly one fourth of the postoperative patients
relapsed, resulting in poor outcomes; however, despite increasing implication
of the gut microbiota in CRC biology, prognostic use of the gut microbes has
been limitedly tried on certain bacterial species such as oncogenic
Fusobacterium nucleatum and Bacteroides fragilis. Through 16S ribosomal
RNA gene sequencing for preoperative stools of 333 patients with primary
CRC, we found that the gut microbiota differs by clinical outcomes. The log
rank test and multivariate Cox proportional hazard regression analysis
identified that four bacteria, besides the pre-documented F. nucleatum, have
prognostic power to discriminate the medical outcomes. We handcrafted a
microbiota-derived hazard score by incorporating the prognostic bacteria
that was superior to other widely accepted prognosis biomarkers like
carcinoembryonic antigen in predicting CRC progression. Furthermore,
several microbial pathways underlying the different prognoses were
suggested by PICRUSt2. Our results expand the usage of the gut microbiota
as non-invasive biomarker for CRC and provide an extra facet of information
in managing CRC.

Ralstonia solanacearum is a soil borne plant pathogen causing bacterial wilt
on various important crops, including Solanaceae plants by producing
exopolysaccharide (EPS) and cell-wall-degrading enzymes (CWDE) such as
pectinase and cellulase. To elucidate the role of EPS in disease occurrence of
bacterial wilt, the mutants of highly virulent R. solanacearum strain SL341
were generated using Tn5-based transposon mutagenesis system. Among
3,900 mutants, 17 EPS-defective mutants were selected. Except for 16
mutants containing transposon insertion at well-known EPS-associated
genes, we identified the EPS-deficient mutant strain P4 carried a Tninsertion in gene encoding EPSI polysaccharide biosynthesis protein,
dTDP-glucose 4,6-dehydratase protein (exo-P like gene). Compared to
SL341 wildtype, P4 mutant did not showed the difference of bacterial
growth and carbon utilization. However, mutation of exo-P like gene caused
the reduction of EPS production, biofilm formation, and pectinase activity,
which are known as the virulence factor of R. solanacearum, in vitro. In
addition, P4 mutant showed the reduced disease severity and incidence of
bacterial wilt in tomato plants compared to SL341 wildtype without
alteration of bacterial multiplication activity. Taken together, these results
indicated that exo-P like gene might be required for bacterial virulence in R.
solanacearum SL341.

Keywords: Gut microbiota, colorectal cancer, prognosis

Keywords: Bacterial wilt, exopolysaccharide, Ralstonia solanacearum

I-19
Screening of Potential Strain Having Nematicidal Activity
from Soil Actinomycetes’ Library
Hyeon Ji Jeong1,2, Min-Kyoung Kang1, Jong-Hoon Kim1,
Dong-Jin Park1, ByeongMin Lee1, MinKyun Na2*, and
Kwang-Hee Son1*
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Department of Industrial Bio-Materials Research Center, Korea Research
Institute Bioscience and Biotechnology, Daejeon 34141, Republic of
Korea, 2Department of College of Pharmacy, Chungnam National
University, Daejeon 34134, Republic of Korea
Pine wilt disease (PWD) is a plant disease that threatens the forest ecosystem
all over the world because the pine wood nematode (PWN; Bursaphelenchus
xylophilus) blocks the passage of moisture and nutrients of the pine trees
and kills them. However, the current main nematicides are chemical
nematicides such as abamectin, emamectin benzoate and there is a problem
in that they do not completely control nematodes and affect the environment.
So, it is necessary to develop an effective and safe eco-friendly biological
control agent. Secondary metabolites of actinomycetes account for most of
the bioactive substances found in microorganisms, and they can be directly
used as natural products. In this study, about 600 actinomycetes were
screened from the actinomycetes’ library. A result of the 1st screening, 90
strains were selected, and 2nd was performed after acetone extracts.
Finally, three actinomycetes were selected and their strain number was
AN180189, AN180333, AN180930. To identify the three strains, 16S
rRNA sequencing analysis was performed. As a result, the three strains
were identified to be Streptomyces sp. actinomycetes. Streptomyces sp. is
a representative actinomycetes genus, and Streptomyces sp. has been
confirmed to be useful as bioactive actinomycetes in many studies.
Therefore, this study proposes the possibility that a PWN control agent with
nematicidal activity could be found in actinomycetes, although additional
experiments are needed.
Keywords: Nematicidal activity, actinomycetes, pine wood nematode
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Identification of a Novel Human Gut Microbiota Inhibiting
Growth of Clostridioides difficile through Membrane
Disruptive Activity and Restoring Gut Microbial
Community in C. difficile Infection

Weissella cibaria Strains from Kimchi Improves Muscle
Function in Aged Mice

Byeong Seob Oh1, Seoung Woo Ryu1, Seung Yeob Yu1,
Won Jung Choi1, Jeong Eun Bak1, Ji-Sun Kim1, Seung-Hwan Park1,
Se Won Kang1, Mi Kyung Eom1, Jam-Eon Park1, Seung-Hyeon Choi1,
Ji Young Choi1, Min Kuk Suh1, Han Sol Kim1, Jung-Sook Lee1,2, and
Ju Huck Lee1*

1

1

Sarcopenia is an age-induced, progressive loss of skeletal muscle function in
people and can lead to physical disabilities. Emerging evidence suggests that
lactic acid bacteria (LAB) supplementation could be an effective strategy for
preventing sarcopenia. In this study, we evaluated the effects of LAB isolated
from kimchi on enhancing muscle function in vitro and in vivo. C2C12 cells
were differentiated into the muscle cells to treat LAB culture supernatants,
and creatine kinase (CK) activity, representing muscle function improvement
indicator, was measured. Weissella cibaria K7 (K7) and K20 (K20) were
selected for further study as they showed the highest CK activity level. To
verify the efficacy of improving muscle function in an aged mouse model,
each selected strain was administered at 1×109 or 1×1010 CFU/200 μL for
5 months, respectively. The mice were subjected to a forced swimming test
every 2 months, and blood was collected before and after swimming and
after 20 min of rest to measure the lactate content. The results showed that
the lactate clearance rate of strain K7 was significantly increased compared
to the control. In addition, to evaluate a forelimb grip strength, the peak
force of the forelimb grip was measured every month. All LAB groups
displayed a significantly elevated level of grip strength. These results indicate
that both K7 and K20 may prevent sarcopenia by improving muscle function
and can be applied as a food supplement for controlling sarcopenia in
elderly individuals.

Sulhee Lee1, Namhee Kim2, Young Seo Jang3, Young Joon Oh1, and
Hak-Jong Choi1*
Kimchi Functionality Research Group, World Institute of Kimchi, Gwangju
61755, Republic of Korea, 2Fermentation Regulation Technology Research
Group, World Institute of Kimchi, Gwangju 61755, Republic of Korea,
3
Department of Biotechnology, Graduate School, Korea University, Seoul
02841, Republic of Korea

Korean Collection for Type Cultures, Korea Research Institute of
Bioscience and Biotechnology, 181 Ipsin-gil, Jeongeup-si, Jeollabuk-do
56212, Republic of Korea, 2University of Science and Technology (UST),
217 Gajeong-ro, Yuseong-gu, Daejeon 34113, Republic of Korea
Clostridioides difficile is the causal agent of antibiotic-associated diarrhea,
called C. difficile infection (CDI), in individuals who have dysbiosis of the
gut microbiota. As the conventional treatment with antibiotics inducing the
gut dysbiosis causes to a high recurrence rate, new approaches that could
restore gut microbial diversity are urgently required, such as fecal microbiota
transplantation (FMT) and microbiome therapy. To discover a novel gut
microbiota (GM) inhibiting the growth and colonization of C. difficile, we
exploited the cell free culture supernatants (CFSs) of 100 GM isolated from
healthy human faeces for screening antibacterial activity. As a result of the
antibacterial assay, one CFS of GM, called GM86, inhibited the growth of C.
difficile over 80%. In the further investigation of GM86, the CFS of GM86
(GM86CFS) was unstable for heat, protease treatments and mechanical
stress. Based on these results, we conducted the protein precipitation using
GM86CFS to obtain the crude protein, and confirmed that the crude
proteins (GM86PPT) showed anti-Cd activity. In addition, we observed that
the disruption of C. difficile membrane was induced by the treatment of
GM86PPT. Furthermore, live GM86 attenuated the symptoms of CDI by
reducing the colonization and toxins of C. difficile and inflammatory
response (IL-6, TNFa) and restored gut microbial compositionin CDI
mouse model. Altogether, these findings will provide valuable information
for the research of gut microbiota-host correlation and the discovery of
potential probiotic candidates that can be applied for prevention of CDI.

Keywords: Sarcopenia, lactic acid bacteria, muscle

I-22
African Swine Fever Virus EP364R and C129R Degrade
2’3’cGAMP and Downregulate cGAS-STING Pathway

Keywords: Clostridioides difficile, gut microbiota, antibacterial activity

Niranjan Dodantenna and Jong-Soo Lee*
College of Veterinary Medicine, Chungnam National University, Daejeon,
Republic of Korea
African swine fever virus (ASFV) is highly pathogenic swine DNA virus that
causes African swine fever (ASF) in domestic pigs and wild boars with high
mortality. For the efficient virus infection, ASFV has developed complex
strategies to evade the key components of antiviral innate immune
responses. However, the immune escape mechanism of ASFV remains
largely unknown. Upon ASFV infection, the cytosolic DNA sensor cyclic
GMP-AMP synthase (cGAS) recognizes ASFV DNA and synthesizes the
second messenger cyclic GMP-AMP (2′3′cGAMP) triggering IFN
production in order to hinder the viral replication. In this study, we
demonstrated that a novel immune evasion mechanism of ASFV EP364R
and C129R to block cellular 2′3′cGAMP dependent antiviral responses.
ASFV EP364R and C129R which has nuclease homologs are interacted
specifically with 2′3′cGAMP and exerted their phosphodiesterase (PDE)
activity to degrade 2′3′cGAMP, thereby suppressing IFN-mediated
responses. Especially, sequence analysis of EP364R revealed the presence of
similar motif in STING protein for 2′3′cGAMP interaction and point
mutation of Y76S and N78A amino acids of EP364R impaired the
interaction with 2′3′cGAMP and restored subsequent antiviral responses.
Keywords: African swine fever virus, EP364R and C129R, 2′3′cGAMP
[National Research Foundation of Korea (2021R1A6A1A03045495)]
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Identification of Novel Human Gut Microbiota Preventing
Inflammatory Bowel Disease via Anti-Inflammatory
Activity and Gut Microbiome Modulation

Ohmyungsamycin Promotes M1-Like Inflammatory
Responses to Enhance Host Defense against
Mycobacteroides abscessus Infection

Seung Yeob Yu, Byeong Seob Oh, Seoung Woo Ryu, Won Jung Choi,
Jeong Eun Bak, and Ju Huck Lee*
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Inflammatory bowel disease (IBD) is a severe chronic, relapsing inflammatory
disease of the gastrointestinal tract. An imbalance in the gut microbiota that
can disrupt host-microbial homeostasis, called microbial dysbiosis, is
implicated in the pathogenesis of IBD. Therefore, modulation of the gut
microbiome (GM) may be a strategy for suppressing IBD and inflammatory
responses. In this study, we evaluated anti-inflammatory activity using cellfree supernatant (CFS) of isolated GM from healthy human feces. Among 53
GMs that inhibited inflammation in Raw264.7 cells, GM37 had the highest
anti-inflammatory activity. We verified the anti-inflammatory activity of
GM37 in vitro and in vivo. As a result, the CFS of GM37 decreased the
amount of IL-6, TNF-α, and NO via inhibition of NF-κB pathway.
Furthermore, the mouse colitis model induced by DSS showed that GM37
prevented body weight loss, colon length shortening, colon permeability,
bloody stools, and disease activity index (DAI). In addition, we discovered
that GM37 treatment could ameliorate mucosal inflammation and improve
the microbial community. All together, these findings suggest the possibility
that the GM37 can prevent IBD and be a promising new drug for IBD therapy.

Ohmyungsamycins (OMS) are newly identified cyclic peptides that induce
antimicrobial responses against Mycobacterium tuberculosis infection.
However, its role for nontuberculous mycobacterial (NTM) infection has
not been clarified in the context of host-pathogen interactions.
Mycobacteroides abscessus (Mabc) is a rapidly growing NTM and emerging
as human pathogens in both immunocompetent and immune suppressed
persons. In this study, we showed that OMS induced a significant
antimicrobial effect against Mabc infection in both immunocompetent and
immunodeficiency mice and in macrophages. OMS treatment amplified
Mabc-induced expression of M1-related proinflammatory cytokines and
inducible nitric oxide synthase, whereas it significantly downregulated
arginase-1 expression, in murine macrophages. In addition, OMS
augmented Mabc-mediated production of mitochondrial reactive oxygen
species (mtROS), which promoted M1-like proinflammatory responses in
Mabc-infected macrophages. OMS-induced production of mtROS and
nitric oxide were critically involved in OMS-mediated antimicrobial
responses during Mabc infection. Notably, the combined treatment of OMS
and rifabutin led to a synergistic effect upon antimicrobial responses to
Mabc infection in vitro and in zebrafish models in vivo. Collectively, these
data strongly suggest that OMS can be used for effective M1-like adjunctive
therapeutics against Mabc infection by either single use or in a combined
therapy with current antibiotics.

Keywords: Gut microbiome, IBD, anti-inflammation
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Tail Fiber Protein Responsible for Phage-Host Interaction
in Cronobacter sakazakii Bacteriophage
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Cronobacter sakazakii is a gram-negative pathogen that causes meningitis
and sepsis in neonates. For bacteriophages (phages), tail fiber proteins play
an important role in recognizing and infecting their host bacteria. However,
the tail fiber-dependent host specificity of C. sakazakii phage has not been
well studied. Here, we isolated virulent phages ECP1 and ECP2 targeting C.
sakazakii from sewage. These phages belonged to Siphoviridae family, and
both recognized LPS as a host receptor. Even though phenotypic differences
were displayed in plaque size, host range, and adsorption rate between ECP1
and ECP2, the complete genome sequence analysis revealed that these
phages shared strikingly high DNA homology except for two nucleotides in
tail fiber-encoding gene, which led to changes in two amino acid residues.
Alteration in surface structure of tail fiber proteins of ECP1 and ECP2 was
predicted by Alphafold2, suggesting specific residues in tail fiber protein
that may have an essential role in phage-host interaction. Further study is
needed to elucidate the mechanism underlying the interactions between
phage and host bacteria mediated by tail fiber protein.

Keywords: Ohmyungsamycins, Mycobacteroides abscessus, M1 macrophage
responses

Keywords: Bacteriophage, Cronobacter sakazakii, tail fiber protein
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Comparison of Diagnosis Methods Based on PCR with
Rift Valley Fever Virus (RVFV) RNA

Uncovering the Function of C2H2 Zinc-Finger Transcription
Factor Zfc2 Involved in the Pathogenicity and Virulence of
Cryptococcus neoformans
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Rift valley fever (RVF) is an important zoonotic disease caused by the Rift
valley fever virus (RVFV) which can affect ruminants and humans. RVFV is
a single-stranded RNA virus and consists of three segments: large (L),
medium (M), and small (S). The reverse transcription-quantitative polymerase
chain reaction (RT-qPCR) has been a gold standard method of diagnostics
for viruses. In contrast to the relative quantification of RT-qPCR, reverse
transcription-droplet digital PCR (RT-ddPCR) is a powerful method for
absolute quantification. A comparison was performed of the RT-qPCR and
RT-ddPCR with primer-probe sets for RVFV. In this study, the synthesized
RNA of three RVFV strains (L, M, and S) were made using In vitro
transcription. The negative reference virus RNA such as Zika, Dengue,
Japanese encephalitis, Chikungunya, and severe fever with thrombocytopenia
syndrome were used for screening and validation of RVFV primer-probe
sets. All experiments were performed RT-qPCR and RT-ddPCR. As a
results, both the RT-qPCR and RT-ddPCR assays for RVFV do not react
with any negative reference viral genomes, indicating that both the RTqPCR and RT-ddPCR assays are specific to RVFV. The comparison of both
the RT-qPCR and RT-ddPCR assays with serially diluted templates showed
that the LoD of both assays are similar, and the concordant of the results was
observed. The LoD of both assays reached the practical measurable
minimum concentration. Combining these results, the sensitivity of the RTqPCR and RT-ddPCR was similar, and the material measured by RT-ddPCR
can be used as a reference material for RT-qPCR.

Cryptococcus neoformans is a fungal pathogen that causes meningoencephalitis,
and it is responsible for more than 200,000 infections and 180,000 deaths
globally every year. Among the 45 pathogenicity-related transcription
factors of C. neoformans that we identified through large-scale in vivo and in
vitro virulence and infectivity assays, a unique C2H2-type zinc finger
transcription factor, ZFC2, stood out. ZFC2 caught our attention because it
has no ortholog in other known fungal transcription factors, does not
display the typical pathogenicity-related phenotypes of C. neoformans, and
exhibits attenuated virulence and reduced lung infectivity in the murine
infection model. For these reasons, we aim to elucidate the role ZFC2 plays
in the pathogenicity of C. neoformans. In spot assays, zfc2∆ showed
dramatically increased resistance against tunicamycin (TM), which inhibits
the first step of N-glycosylation mediated protein folding in the endoplasmic
reticulum (ER). Because ER stress response is mainly governed by the
unfolded protein response (UPR) pathway that is characterized by the Ire1
kinase/endonuclease-mediated unconventional splicing of HXL1 mRNA,
we compared the splicing levels of HXL1 in the zfc2∆ mutant with those in
the wild type (WT) strain. Unexpectedly, splicing levels of HXL1 mRNA in
zfc2∆ were similar to that of the WT strain with or without TM treatment,
which suggests ZFC2 suppresses TM resistance independent of the UPR
pathway. To understand the role of Zfc2, RNA-seq based transcriptome
analysis of zfc2∆ compared to the WT was performed. Under basal
conditions, a total of 782 genes were differentially regulated (cut-off: over
2-fold changes) in the zfc2∆ mutant compared to the WT, of which 312
genes were upregulated while 470 were downregulated, suggesting that Zfc2
could serve as both transcriptional activator and repressor. In comparison,
under ER stress condition (0.2 μg/ml TM, 90 min), total of 170 genes were
differently regulated in zfc2∆ compared to the WT, of which 137 genes were
upregulated and 33 were downregulated. Moreover, electron microscope
imaging showed that capsule size was notably increased in zfc2∆ compared
to the WT, but there were no changes in N and O-glycosylation levels.
Additionally, zfc2∆ showed decreased survival in the macrophage killing
assay compared to the WT. Overall, we aim to uncover the function and
mechanism of a unique pathogenic transcription factor of C. neoformans.

Keywords: Rift valley fever virus (RVFV), reverse transcription-quantitative
polymerase chain reaction (RT-qPCR), reverse transcription-droplet digital
PCR (RT-ddPCR)

Keywords: Cryptococcus neoformans, ZFC2, Zinc-finger transcription factor
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Effects of the Bacteriophages JEP7 and PBC2 on the
Immune Responses of Mammalian Cells In Vitro

Protein Stability of Cytoskeleton Regulator Confers
Antibiotic Persistence in Pathogenic Bacteria

Yewon Jung1, Jinshil Kim1,2, Ju-hoon Lee1*, and Sangryeol Ryu1,2*

Minseong Park1, Jia Xin3, and Jinki Yeom1,2*
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Department of Food and Animal Biotechnology, Department of
Agricultural Biotechnology, and Research Institute of Agriculture and Life
Sciences, Seoul National University, Seoul 08826, Republic of Korea,
2
Center for Food and Bioconvergence, Seoul National University, Seoul
08826, Republic of Korea
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Even though phage therapy is widely studied as a promising alternative to
antibiotics, not much is known about the interactions between phages and
cells of the immune system. Here, 13 phages with various morphologies and
host ranges were compared for their immunomodulatory effects by measuring
the production of pro-/anti-inflammatory cytokines (TNF-α, IL-6, and IL-10)
in mammalian cell lines. Two phages, the Escherichia coli phage JEP7 and
the Bacillus cereus phage PBC2, stimulated the production of inflammatory
cytokines in RAW264.7 macrophages. Moreover, the phages JEP7 and PBC2
also increased the cytokine expression of Caco-2 human intestinal cells at
the mRNA level. There was no significant difference for 13 phages in the
internalization patterns into RAW264.7 cells and the cytotoxic effects
assessed by lactate dehydrogenase (LDH) release, indicating that neither the
internalization pattern nor the cytotoxic effect of a phage is associated with
its immune stimulation. Taken together, the results of this study suggest that
the phages JEP7 and PBC2 stimulate the immune response by inducing the
inflammatory cytokine production of mammalian cells and their common
features relevant to immune stimulation need to be further explored.

Cells have cytoskeleton proteins such as actin and tubulin that controls cell
survival by regulating mechanical support and movements. Here, we report
that bacteria promote antibiotic persistence by stabilizing cytoskeleton
regulator protein and cell morphology. Bacteria actin MreB and tubulin
FtsZ control cell elongation and division, respectively. RodZ is required for
determination of bacteria cell shape by interacting MreB and FtsZ.
Inactivation of rodZ compromises bacteria cell morphology. Surprisingly,
RodZ produces antibiotic persister bacteria, which is a tolerant population
against antibiotics and cause chronic infection in the host. Furthermore,
bacteria need RodZ proteins to confer survival under broad stress
conditions. This accumulation in bacteria cytoskeleton regulator RodZ
proteins resulted from an increase in the RodZ protein stability under
antibiotics. Our findings suggest that protein stabilization of cytoskeleton
regulator under antibiotic treatment is a bacterial strategy that facilitates
chronic infection by promoting formation of antibiotic persistence. Cells
have cytoskeleton proteins such as actin and tubulin that controls cell
survival by regulating mechanical support and movements. Here, we report
that bacteria promote antibiotic persistence by stabilizing cytoskeleton
regulator protein and cell morphology. Bacteria actin MreB and tubulin
FtsZ control cell elongation and division, respectively. RodZ is required
for determination of bacteria cell shape by interacting MreB and FtsZ.
Inactivation of rodZ compromises bacteria cell morphology. Surprisingly,
RodZ produces antibiotic persister bacteria, which is a tolerant population
against antibiotics and cause chronic infection in the host. Furthermore,
bacteria need RodZ proteins to confer survival under broad stress conditions.
This accumulation in bacteria cytoskeleton regulator RodZ proteins resulted
from an increase in the RodZ protein stability under antibiotics. Our
findings suggest that protein stabilization of cytoskeleton regulator under
antibiotic treatment is a bacterial strategy that facilitates chronic infection by
promoting formation of antibiotic persistence.

Department of Biomedical Science, College of Medicine, Seoul National
University, Seoul, Republic of Korea, 2Department of Microbiology and
Immunology, College of Medicine, Seoul National University, Seoul,
Republic of Korea, 3Programme in Emerging Infectious Disease,
Duke-NUS Medical School, Singapore

Keywords: Bacteriophage, Immune response, phage-host interactions

I-30
Sexual Reproduction and the Associated Signaling
Networks in the Fungal Pathogen Cryptococcus
neoformans
Yujin Lee, Jin-Young Kim, Yeonseon Lee, and Yong-Sun Bahn*
Department of Biotechnology, College of Life Science and Biotechnology,
Yonsei University, Seoul, Republic of Korea

Keywords: Persistence, RodZ, cytoskeleton proteins

The fungal pathogen Cryptococcus neoformans causes cryptococcosis by the
inhalation of infectious spores generated by unisexual or bisexual
reproduction. To understand complex signaling networks modulating the
developmental process, a complete understanding of genome-scale
transcription factors (TFs) and kinases is needed. Previously we reported
that 37 TFs and 42 kinase mutants constructed in C. neoformans MATa H99
strain background exhibited altered mating efficiency. To further elucidate
the mating regulatory mechanism, we constructed knockout mutants of the
mating-regulating TFs and kinases in YL99 strain—MATa isogenic strain of
H99 strain—to monitor unilateral and bilateral mating, and to perform an
analysis of their function in the developmental process. We constructed 66
gene-deletion strains representing 33 TFs and 60 gene-deletion strains
representing 30 kinases. For confirmed mutant strains, we are examining
mating phenotypes during bilateral mating: mating pheromone production,
cell fusion efficiency, filamentous growth, formation of basidia and
basidiospores. Furthermore, we are examining transcript profiles of matingregulating TFs and kinases at different developmental stages of sexual
reproduction. Ultimately, this study will focus on mapping and discovering
the functions of the mating-regulating TFs and kinases, and elucidating
complex signaling networks in the developmental process of C. neoformans.
Keywords: Cryptococcus neoformans, sexual reproduction, mating
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Probiotic, Anti-Aging and Lifespan Extending Properties
of Lactobacillus brevis SRCM103306 Isolated from
Traditional Fermented Food in Caenorhabditis elegans

The Value and Potential of Soil Microorganisms as a
Biological Control Agent with Nematicidal Activity
Byeong Min Lee1,2, Jong Hoon Kim1, Min Kyoung Kang1,
Dong Jin Park1, Ho Yong Park1, Hyeon Ji Jeong1, Chi Hwan Lim2*, and
Kwang-Hee Son1*

JinWon Kim, Su-Jin Shin, Gwangsu Ha, Hee-Jong Yang, and
Do-Youn Jeong*

1
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Industrial Bio-Materials Research Center, Korea Research Institute of
Bioscience and Biotechnology 125 Gwahak-ro, Yuseong-gu, Daejeon
34141, Republic of Korea, 2Department of Bio Environmental Chemistry,
Chungnam National University, Daejeon 34134, Republic of Korea

This study was aim to investigate the probiotic characteristics of the
Lactobacillus species and their enhancement of longevity using the nematode
Caenorhabditis elegans. Isolates were assessed for their antimicrobial activity
against six foodborne pathogens and five candidates showed antimicrobial
activity against six foodborne pathogens. Five selected strains were
examined antioxidant, acid resistance, bile tolerance, and intestinal adhesion
ability using the C. elegans as in vivo model. Especially, the SRCM103306
strain showed that the superior probiotic properties including antioxidant
activity (30.25%), acid resistance, bile tolerance, and intestinal adhesion
ability (1.41 log CFU/worm) than other isolates. Based on these results, the
SRCM103306 strain was finally selected for further experiments. The
SRCM103306 strain was identified as Lactobacillus brevis by 16S rRNA
gene sequencing analysis. Anti-aging effect was estimated by measuring the
expression level of pmk-1::GFP in the C. elegans model, and it was
significantly increased by the SRCM103306 than other strains. Lifespan test
results suggest that the SRCM103306 prolongs significantly the fraction
alive of C. elegans at 16 days than LGG (0.02) and OP50 (0.01). The
SRCM103306 (0.03) was showed the significantly superior longevity three
times than OP50 (0.01). These results suggest that the L. brevis SRCM103306
could be applied as a health-promoting probiotics in various research field
of food industry such as functional foods.

Root-knot nematodes reduce crop yields by causing direct and indirect
damage to various crops around the world. The development of new
environmentally friendly biological control agents for the prevention and
control of root-knot nematodes is becoming important. Recently, it was
discovered that biological control agents derived from certain bacteria and
fungi exhibit nematicidal activity and are safe for other organisms and the
environment, indicating that they are suitable for the prevention and control
of root-knot nematodes. Thus, in this study, the possibility of nematicidal
agents was confirmed by screening the soil microorganisms with nematicidal
activity in the microbial library. Total of 127 bacterial isolates were tested for
their nematicidal activities using 96 well HTS system. Among them, it has
been confirmed that two species of IBRCS-151 and IBRCS-16 separated
from domestic soil has the ability to control root-knot nematodes. In
addition, the pot test confirmed improved plant growth compared to other
controls. These results suggested that could be useful resources for
development of eco-friendly nematicidal agents.
Keywords: Root-knot nematodes, biological control, soil microorganisms
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Isolation of Anti-Biofilm Agent against Acinetobacter
baumannii from Korean Native Halophytes Using
Nematode Infection Model

[This work was supported by a grant from the Establishment of Integrated
Biobank for Agriculture, Food and Livestock Microbiome Project funded by
the Ministry of Agriculture, Food and Rural Affairs (MAFRA)]

Jeong Woo Park1, Eun Sung Lee1, Youngwan Seo1,2, and
Ki Hwan Moon1,2*
1

Ocean Science and Technology School, Korea Maritime and Ocean
University, Busan 49112, Republic of Korea, 2Division of Convergence on
Marine Science, Korea Maritime and Ocean University, Busan 49112,
Republic of Korea
Acinetobacter baumannii (Ab) is an increasingly prevalent multi-drug
resistance nosocomial pathogen. Biofilm of Ab contribute to chronic/
persistent infections, and high resistance to antibiotics. Recent studies have
shown that oxidative stress plays an important role in the development of
biofilms of several pathogens, demonstrating that antioxidants often have
anti-biofilm/anti-virulence properties as well. Halophytes are known for its
antioxidant property, but its anti-biofilm activity remains unknown. Herein,
we investigated the anti-biofilm compounds from Korean native halophytes,
Artemisia japonica subsp. littoricola Kitam (Aj) and Aster spathulifolius
(As). The dried halophytes samples were fractionated according to the
solvent polarity. Of the fractions, n-hexane fraction of Aj, and 85% aq.
MeOH fraction of As showed anti-biofilm activity against Ab 17978.
Furthermore, 85% aq. MeOH fraction of As showed free-radical scavenging
activity in DPPH assay. To tested the toxicity against cell line and in vivo
model, MTT assay and life span assay using Caenorhabditis elegans model
will be conducted, respectively. Meanwhile, cell viability assay and C. elegans
infection assay will be performed to determine whether anti-biofilm activity
is able to modulated infectivity and virulence of Ab. Our study will be
provided the insight into drug-repositioning from antioxidants to
antipathogenic agents to replace antibiotics for treatment of multi-drug
resistance bacteria.
Keywords: Acinetobacter baumannii, Caenorhabditis elegans, halophyte
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Enterohaemorrhagic Escherichia coli Shiga Toxins
Regulate Pro-Inflammation via p38 MAPK/MK2/TTP
Pathways in the Toxin Sensitive Cells

Co-Cultivation Strategy for Growth Promotion of
Haematococcus lacustris Using Intracellular Bacterium
Min Seo Jeon1, Sanh-Il Han2, and Yoon-E Choi1*

Seo-Young Park1,3,4, Kyung-Soo Lee1,2, Jongsun Park3,4, and
Moo-Seung Lee1,2*
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34141, Republic of Korea, 2Department of Biomolecular Science, KRIBB
School of Bioscience, Korea University of Science and Technology (UST),
127 Gajeong-ro, Yuseong-gu, Daejeon 34113, Korea, 3Department of
Pharmacology, College of Medicine, Chungnam National University,
Daejeon 35015, Republic of Korea, 4Department of Medical Science,
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Research, College of Medicine, Chungnam National University,
Daejeon 35015, Republic of Korea

In this study, novel interaction in the endosymbiotic relationship with
Haematococcus lacustris was discovered. The interaction became most
effective at the early exponential stage of H. lacustris with the ratio of 1:1.
Under optimal condition, the cell density of H. lacustris was increased by
78.95%. Through the qRT-PCR analysis, it was confirmed that bacteria
promote the cell division rather than astaxanthin accumulation. LC-MS
analysis confirmed that the growth promoting factors were upregulated,
while the levels of virulence and competing factor were reduced under
co-cultivation condition. These results extend current knowledge of
intracellular symbiosis, providing novel insight into biology of H. lacustris.

Multi-functional bacterial exoprotein Shiga toxin produced by Shigella
dysenteriae serotype 1 and certain Escherichia coli are responsible for
causing hemorrhagic colitis that may progressively lead to hemolytic uremic
syndrome (HUS) and central nervous system (CNS). The precise
pathophysiological mechanism between Stxs and the toxin-induced
inflammation has not been completely understood. Numerous studies have
defined the p38 mitogen-activated protein kinase (MAPK) and its
downstream target Mitogen-activated protein kinase-activated protein
kinase 2 (MAPKAPK2 or MK2) signaling pathway in a variety of cell types.
We identified previously unknown role of Tristetraprolin (TTP) as MK2
substrate in Stxs-intoxicated cells. In the western blotting analysis, we have
observed that Stxs induce phosphorylation of the MK2 at residue threonine
(Thr) 334 and TTP in the toxin receptor globotriaosylceramide (Gb3)positive cells including macrophage-like differentiated THP-1 (D-THP-1)
and human renal proximal tubule epithelial cell line HK-2 while not in the
Gb3-negative human T84 colon carcinoma cells. In Stx WT, the activity of
p-MK2 Thr334 and TTP lasts up to 8 hours, whereas, in Stx2amut, which
has a deficient N-glycosidase activity in the A subunit, the activity of p-MK2
Thr334 and TTP temporarily increases and decreases rapidly. Thus, Stxs
selectively mediate MK2 and TTP activation in a Gb3-dependent manner.
TTP-knockdown by using specific siRNA introduced in the D-THP-1 cells
treated with Stx2a upregulates the expression of tumor necrosis factor
(TNF)-α, interleukin (IL)-8, monocyte chemoattractant protein-1 (MCP-1/
CCL2) and macrophage inflammatory protein (MIP)-1α at transcriptional
and translational levels. In conclusion, the MK2-TTP signaling pathway
regulates Stx-mediated inflammatory response.

Keywords: Haematococcus, intracellular bacterium
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Inhibition of O-GlcNAcylation Protects from Shiga
Toxin-Mediated Cell Injury and Lethality in Host
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Shiga toxins (Stxs) produced by enterohemorrhagic Escherichia coli (EHEC)
are the major virulence factors responsible for hemorrhagic colitis, which
can lead to life-threatening systemic complications including acute renal
failure (hemolytic uremic syndrome) and neuropathy. Here, we report that
O-GlcNAcylation, a type of post-translational modification, was acutely
increased upon induction of endoplasmic reticulum (ER) stress in host
cells by Stxs. Suppression of the abnormal Stx-mediated increase in
O-GlcNAcylation effectively inhibited apoptotic and inflammatory
responses in Stx-susceptible cells. The protective effect of O-GlcNAc
inhibition for Stx-mediated pathogenic responses was also verified using
three-dimensional (3D)-cultured spheroids or organoids mimicking the
human kidney. Treatment with an O-GlcNAcylation inhibitor remarkably
improved the major disease symptoms and survival rate for mice
intraperitoneally injected with a lethal dose of Stx. In conclusion, this study
elucidates O-GlcNAcylation-dependent pathogenic mechanisms of Stxs and
demonstrates that inhibition of aberrant O-GlcNAcylation is a potential
approach to treat Stx-mediated diseases.

Keywords: Shiga toxin, MAPK-activated protein kinase 2 (MK2),
Tristetraprolin (TTP)

Keywords: Apoptosis & inflammation, shiga toxin, O-GlcNAcylation
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Cynanchum atratum Mitigates High-Fat and HighFructose Diet-Induced Fatty Liver through AntiInflammation and Gut Microbiota Regulation

Effect of Microplastics Exposure on Gene Expression and
Virulence of Edwardsiella piscicida

Jinghua Wang1,2, Seung-Ju Hwang1,2, and Chang-Gue Son1,2
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Due to the increase of industrial activities, new types of anthropogenic
pollutants are rapidly generated. Microplastics (MP) are spotlighted as a new
aquatic pollutant that can be threaten both large animals and microorganisms.
We exposed fish pathogen, Edwardsiella piscicida, with 0.05 μm-sized MP,
then performed the TEM imaging to observe the microbial community and
cell morphology. TEM data shows that MP particles were possibly entering
the bacteria, and a noticeable change in the cell membrane. Transcriptome
analyses were performed to identify the differentially expressed genes with
MP exposure, resulting that genes involved in major virulence factor, type
VI secretion system (T6SS), and carbohydrate transport and metabolism
pathways were regulated. The genome-wide gene expression data
corresponded to the results of a qRT-PCR. Cell line and zebrafish infection
assay shows that MP adapted E. piscicida became a hypervirulence.
Interestingly, MP adapted E. piscicida partially restored the expression of
T6SS-related genes inside the cell under MP-free condition. These results
suggest that the expression of T6SS-related genes down-regulated by MP
exposure increases the cell invasion ability of E. piscicida, and the expression
of T6SS-related genes is restored inside the host, resulting in a higher
mortality rate as a result of infection with a larger number of bacteria. This
study imply that pollutants inflow into the aquatic environment is able to
influence pathogenesis mechanisms of pathogens.

Cynanchum atratum has been historically applied in Asia as an antifebrile,
diuretic, antidote for treating rheumatalgia and scrofulid. The present study
investigated the pharmaceutical effects of cynanchum atratum extract
(CAE) in a high-fat, high-fructose diet (HFHFD) induced non-alcoholic
fatty liver (NAFLD) mice model. High-fat (60% kcal fat) and High-fructose
(20%) diet-treated C57B/6j mice were administered CAE from the 5th week
for six weeks. Meanwhile, metformin was used as a positive control for
comparison. CAE treatment dramatically reduced body, liver, and
mesenteric fat weight, serum AST, ALT, LDL, TG, and hepatic TG levels, but
not appetite and other portion of fat weight compared to the HFHFD group.
The hepatic injury and lipid accumulation were ameliorated by CAE as
confirmed by H&E and Oil red O staining. Comparison of the fasting blood
glucose (FBG) level, HFHFD triggered hyperglycemia was also significantly
improved by CAE administration. CAE markedly lowered the high level of
hepatic TNF-α, TNF-α/IL-10 ratio, and fecal endotoxin. Recently, the gut
microbiota has been deemed an essential factor for metabolic homeostasis.
We found that the decline of the gut microbiota diversity was distinctly
restored by CAE treatment. CAE notably reduced the abundance of Gramnegative bacteria and elevated the abundance of Gram-positive bacteria
compared to HFHFD control. Meanwhile, hepatic lipogenesis and
β-oxidation-related proteins and gene expression, including PPAR-α,
SREBP-1, SIRT1, FAS, and CTP-1, were normalized prominently by CAE. In
particular, the AMPK, a central regulator of energy metabolism, was
phosphorylated by CAE at an even higher rate than metformin. Overall, we
suggested that C. atratum exerts an effect on anti-hepatic steatosis and the
corresponding mechanisms associated with gut microbiota regulation and
inflammation inhibition.

Keywords: Edwardsiella piscicida, microplastics, type VI secretion system

Keywords: Herbal medicine, NAFLD, gut microbiota
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3-Fucosyllactose as a Superior Nutrient Enhancing
Responses against Viral Infection

Quinone Reductase 1 Targets TBK1 for the
Downregulation of the Host Innate Immune Response

Seokoh Moon, Wonbeom Park, Seungjoo Kim, Mi Soo Kim, and
Dae-Hyuk Kweon*

Asela Weerawardhana and Jong-Soo Lee*
College of Veterinary Medicine, Chungnam National University, Daejeon,
Republic of Korea

Integrative biotechnology, Department of Biotechnology and
Bioengineering, Sungkyunkwan University, Suwon, Kyunggi-do 16419,
Republic of Korea

TANK-binding kinase 1 (TBK1) is a key kinase of innate immunity that
phosphorylates transcriptional factors to activate induction of antiviral
interferons and inflammatory cytokines in response to virus infection. Here
we report that the Quinone reductase 1 (QR1) regulates the innate immunity
by alleviating self-association of TBK1 that is the essential step for its
activation. QR1 interacted directly with TBK1, reduced oligomerization of
TBK1 and finally inhibited activation of TBK1 characterized by the
phosphorylation. Depletion or knockdown of QR1 increased secretion of
antiviral cytokines, as well as decreased replication of RNA or DNA viruses.
Consequently, QR1 knockout mice were more resistant to the lethal virus
infection. Taken together, our study suggests that TBK1 and QR1 form a
negative feedback loop for regulation of antiviral innate immunity.

Recently, pandemic viral infections such as influenza or SARS-CoV-2 have
threatened mankind worldwide. Vaccination and antiviral agents are major
methods to inhibit viral infections however, difficulties in developing new
vaccines and in targeting to broad-spectrum virus strains or species limit
their applicability. Human milk oligosaccharides (HMOs) are the major
components in human breast milk and reported to induce beneficial effects
to infants. The fucosylated HMOs have been reported not only to interfere
pathogen-host interactions and also to modulate host’s immunity. The 2′-FL
(2′-fucosyllactose), one of the major fucosylated HMOs, was studied in
enhanced immunity by HMOs but, effects of 3-FL (3-fucosyllactose) have
barely tested. We figure out that 3-FL treatments inhibited viral infection
in mouse model animal experiments and various animal cells. Oral
administration of 3-FL to mice lowered fatality of H1N1 influenza virus
down to less than half scale. The antiviral effects induced by 3-FL-treated
cultures were shown in various cell types and viruses. Through RNA-seq
analysis, 3-FL treated culture was shown to up-regulate gene expression of
interferon type 1 and 2 receptors. In condition of viral infection, overexpressed
interferon receptors by 3-FL consumption induced faster and stronger
responses against viral infections in animal cells and lung sections. We
suggest 3-FL as a prophylactic nutrient preventing broad-spectrum viral
infections of multiple species of viruses such as influenza or SARS-CoV-2.

Keywords: NQO1, TBK1, innate immunity
[National Research Foundation of Korea (Grant no. 2019R1A2C2008283
and 2021R1A6A1A03045495)]
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Probiotic Lactic Acid Bacterium Lactobacillus reuteri
(BSA218) Inhibits Influenza A Virus Infection In Vitro and
In Vivo

Keywords: Coronavirus, fucosyllactose, human milk oligosaccharides

Lakmal Ranathunga and Jong-Soo Lee*
College of Veterinary Medicine, Chungnam National University, Daejeon,
Republic of Korea
The influenza virus is one of the severe respiratory viral infections in
humans that cause seasonal epidemics worldwide. Due to rapidly evolving
virus resistance, medical treatments such as vaccines and antiviral drugs
often grant limited protective efficacy. Therefore, it is necessary to advance
prophylactic therapies to boost specific immune components of hosts before
the infection. Probiotics are live microorganisms that confer health benefits
when consumed adequately. Most probiotics encompass lactobacillus
species typically found in the human digestive and urinary tracts. This study
found the probiotic function of Lactobacillus reuteri (BSA218) against the
influenza A virus (IVA) in RAW264.7 cells and C57BL/6NHsd mice. The in
vitro pretreatment of BSA218 live culture (BSA218-L) and supernatant
(BSA218-S) upregulated the antiviral gene transcription, pro-inflammatory
cytokines, type I interferon (IFN-I) related protein phosphorylation, and
reduced the replication of diverse viruses such as vesicular stomatitis virus
(VSV-GFP), A/Puerto Rico/8/34 (H1N1) (PR8-GFP), Newcastle disease
virus (NDV-GFP), and herpes simplex virus (HSV-GFP). BSA218 pretreated
C57BL/6NHsd mice showed higher weight gain, survivability, and lower
lung viral titers against the A/PR/8/34 (H1N1), A/Philippines/2/08 (H3N2),
and A/Aquatic bird/Korea/W81/2005 (H5N2) challenge in contrast with the
non-treated group. Later, we found that bioactive lipids of BSA218 confer
prophylactic potential against these viruses. Taken together, our findings
provide new insights into BSA218 for the inhibition of IVA replication both
in vitro and in vivo and the probiotics-based antiviral research.
Keywords: Lactobacillus reuteri (BSA218), probiotics, influenza A virus (IVA)
[National Research Foundation of Korea (2021R1A6A1A03045495)]
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Toll-Like Receptor-7 Agonist GS9620 is a Novel and
Effective Influenza Vaccine Adjuvant

Vaccine Adjuvant CAvant WO-60 Enhances
Immunogenicity and Protective Efficacy of Avian
Influenza and Newcastle Disease Vaccine
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TLR7 specific small-molecule agonist GS-9620 is a synthetic dihydropteridinone
derivative that has been identified for inducing IFN-α over proinflammatory
cytokines. In previous studies, GS-9620 has been demonstrated to reduce
the hepatitis B virus (HBV) in animal models and currently, it is under
development stage as a treatment for chronic hepatitis B. Even though there
is much-published knowledge on the use of GS-9620 as a potential immune
stimulant, there is no reported evidence of the use of GS-9620 as a vaccine
adjuvant. In this study, we investigated the efficacy and mode of action of
GS-9620 as an immune stimulant for vaccine adjuvant. GS-9620 induced
TLR-7 mediated robust cytokine production and immune response gene
expression in human and murine cell lines. In vivo, influenza recombinant
protein sM2HA2 and inactivated A/Puerto Rico/8/34 virus (iPR8) were
used to evaluate the effect of GS-9620 as an immune-stimulant and found
that intramuscular administration of sM2HA2 and intranasal administration
of iPR8 with GS-9620 induced significantly higher antigen-specific humoral
and cell-mediated immune responses than well-known TLR7 agonist
Imiquimod. Moreover, it elevated the clearance of lung virus, the protective
efficacy of the sM2HA2 subunit antigen and iPR8 vaccine against the lethal
challenge of different influenza subtypes (H5N2, H9N2, H1N1 and PR8) in
a murine model. Altogether, these results indicate that GS-9620 can provide
an effective mucosal and systemic immune-stimulant as an adjuvant for
both subunit and inactivated whole virus vaccine.

Vaccines utilize as a formost stratergy to eliminate poultry pathogens
including avian influenza virus (AIV) and Newcastle disease virus (NDV).
Despite current vaccines used in poultry being immunogenic potential is
there to further improved the efficacy of the poultry vaccines. Effective
adjuvant antigen combination play an important role with respect to efficacy
of the vaccine. In this study, we showed that new adjuvant CAvant WO-60
safely and effectively enhanced the immunogenicity of both the conserved
influenza antigen sM2HA2 and inactivated whole H9N2 antigen (iH9N2): it
induced both humoral and cell-mediate immunity in mice and provided
100% protection from challenge with 10 LD50 of A/Aquatic bird/Korea/
W81/2005(H5N2) and A/Chicken/Korea/116/2004 (H9N2) AIV. By
contrast, the same antigens emulsified with the reference adjuvant ISA 70
VG provided only 60-80% protection. Importantly, immunization of
chickens with CAvant WO-60 emulsified iH9N2+inactivatedNDV LaSota
(iNDV) bivalent inactivated vaccine induced seroprotective levels of
antigen-specific antibody responses. Thus, the new adjuvant CAvant WO60 could be a promising adjuvant for poultry vaccines.
Keywords: Avian influenza virus, newcastle disease virus, vaccine
[National Research Foundation of Korea (2021R1A6A1A03045495)]
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[The National Research Foundation of Korea (2019M3E5D5066834,
2021R1A6A1A03045495)]

Multi-Antigen Fusion Vaccine (ATOMSSUISpenta)
Provides Cross-Serotype Protection against
Streptococcus suis Challenge
Fengjia Chen1,2, Hyun Jung Ji1, Ho Seong Seo1,3, and Ki Bum Ahn1*
1

Research Division for Radiation Science, Korea Atomic Energy Research
Institute, Jeongeup 56212, Republic of Korea, 2Department of
Biotechnology and Bioengineering, Chonnam National University,
Gwangju 61186, Republic of Korea, 3Department of Radiation
Biotechnology and Applied Radioisotope Science, University of Science
and Technology, Daejeon 34113, Republic of Korea
Streptococcus suis is a Gram-positive opportunistic bacterial pathogen that
causes zoonotic diseases, leading to significant economic losses in the swine
industry and severe infections in humans. To date, 35 serotypes of S. suis
have been defined, which is a hurdle to overcome in order to control S. suis
infection with vaccine. In this study, we aimed to develop a multiple antigen
fusion vaccine (ATOMSSUISpenta) against S. suis based on the X-ray crystal
structure of five conserved antigens, including HP0197, fibronectin-binding
protein (Fnb), surface antigen one (Sao), C5a peptidase (C5a), and suilysin
(SLY). Subcutaneous immunization of mice with ATOMSSUISpenta greatly
enhanced the S. suis-specific serum IgG, IgG2a, and IgG1 antibody responses,
that were cross-reactive to serotype 2, 4, and 9 clinical isolates, and elicited
excellent neutralizing effect. In addition, analysis of cellular immunity found
ATOMSSUISpenta induced activation of Th1- and Th17-biased CD4+ T cell,
and CD8+ T cell responses. Finally, ATOMSSUISpenta immunization provided
protection effects against meningitis and pneumonia induced by S. suis
challenge in mice. Taken together, ATOMSSUISpenta could be used as a
broad-spectrum S. suis vaccine candidate for effective infection control.
Keywords: Streptococcus suis, vaccine, cross-protection
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Efficacy of CAvant®SOE as an Adjuvant for Foot-andMouth Disease Vaccine

Efficacy and Immunogenicity of a Recombinant Subunit
Vaccine, OVM-AVM, against Foot and Mouth Disease
Virus

W.A. Gayan Chathuranga2, Young-Hoon Ahn1, Jong-Hyeon Park3, SungSik Yoo1, and Jong-Soo Lee2*

W.A. Gayan Chathuranga and Jong-Soo Lee*

1

College of Veterinary Medicine, Chungnam National University, Daejeon,
Republic of Korea

Choong Ang Vaccine Laboratory Co., Ltd., Daejeon, Republic of Korea,
College of Veterinary Medicine, Chungnam National University, Daejeon,
Republic of Korea, 3Animal and Plant Quarantine Agency, Gimcheon,
Republic of Korea
2

Foot and mouth disease virus (FMDV) causes an acute and highly
contagious disease in cloven-hoofed animals. Disease control in endemic
areas relies mainly on regular mass vaccinations. Currently available
commercial foot and mouth disease (FMD) vaccines have various
limitations, including slow induction and short-lived protection, poor
thermal stability, and associated risk of virus escape or incomplete
inactivation during the vaccine formulation process. Therefore, a novel
FMD vaccine that is effective and safe is required. In this context, subunit
vaccines in which the essential antigen traits are presented in a rational
design have emerged as an alternative to conventional vaccines. Here, we
developed two multi-epitope recombinant protein antigens, OVM and
AVM. Intramuscular immunization of mice with OVM-AVM plus an
immunological adjuvant ISA201 induced effective antigen-specific humoral
and cell-mediated immune responses and protected mice from the mouseadapted O/Jincheon/SKR/2014, O/VET/2013, and A/Malaysia/97 viruses.
The immune response profile in the mouse model was then validated in
pigs. Intramuscular immunization of pigs with the OVM-AVM vaccine
conferred 100% protection against homologous O/Jincheon/SKR/2014
virus and 75% protection against heterologous A/SKR/4/2018 viruses. Thus
the multi-epitope recombinant protein antigens developed in this study
provide an alternative strategy for safer vaccine formulation in support of
FMDV control and eradication.

Foot-and-mouth disease (FMD) is a notifiable contagious disease of clovenhoofed mammals that has a significant economic impact. A high potency
vaccine that stimulates the host immune response is the foremost strategy
used to prevent disease persistence in endemic regions. FMD vaccines
comprise inactivated virus antigens whose immunogenicity is potentiated
by immunogenic adjuvants. Oil-based adjuvants have clear advantages over
traditional adjuvant vaccines; however, there is potential to develop novel
adjuvants to increase the potency of FMD vaccines. Thus, we aimed to
evaluate the efficacy of a novel water-in-oil emulsion, called CAvant®SOE, as
a novel vaccine adjuvant for use with inactivated FMD vaccines. In this
study, we found that inactivated A22 Iraq virus plus CAvant®SOE (iA22
Iraq-CAvant®SOE) induced effective antigen-specific humoral (IgG, IgG1,
and IgG2a) and cell-mediated immune responses (IFN-γ and IL-4) in mice.
Immunization of pigs with a single dose of iA22 Iraq-CAvant®SOE also
elicited effective protection, with no detectable clinical symptoms against
challenge with heterologous A/SKR/GP/2018 FMDV. Levels of protection
are strongly in line with vaccine-induced neutralizing antibody titers.
Collectively, these results indicate that CAvant®SOE-adjuvanted vaccine is a
promising candidate for control of FMD in pigs.
Keywords: Foot and mouth disease virus, vaccine, adjuvant

Keywords: Foot and mouth disease virus, recombinant subunit vaccine, B
cell epitope; Montanide ISA 201

[National Research Foundation of Korea (2021R1A6A1A03045495,
2018M3A9H4078703)]

[National Research Foundation of Korea (2021R1A6A1A03045495) and
Ministry of Agriculture, Food and Rural Affairs (318039-3)]

J-10
Distribution of Harmful Microorganisms Isolated from
Heaters and Air Conditioners

J-9
Pediococcus inopinatus Isolated from Kimchi Suppresses
the Development of Imiquimod-Induced Psoriasis-Like
Skin Inflammation in Mice

Bowoon Kim
Ulsan Institute of Health and Environment, Ulsan, Republic of Korea
Harmful microorganisms living in heaters and air conditioners can cause
numerous health problems including respiratory disorders and allergic
reactions. Babies and elderly people are themost susceptible to these kinds of
illness. However, even healthy young adults can also get sick by the harmful
microorganisms.This study has been carried out to investigate the
distribution of bacteria and fungi inhabiting in heaters and air conditioners
in general offices, houses, and cars. To evaluate the seasonalcontaminations
levels of the microorganisms, we investigated 174 samples in the summer
and the winter in 2018.The result showed that B. cereus in 30 samples
(17.25%), B. cereus group in 27 samples (15.5%), and K. pneumoniae in
1 sample (0.6%) were detected among the collected 174 samplesduring the
investigation while S. aureus and L. pneumophila were not detected. B.
cereus group has emetic and diarrheal toxic genes. In this study, most of the
isolated toxic genes wererevealed as entFM (isolated in 54 samples) and
nheA (isolated in 38 samples). CER toxic gene was isolated only from
2 samples of the B. cereus group not including B. cereus. The result ofantibiotic
susceptibility tests of the isolated K. pneumoniae in houses was not
carbapenem-resistant-enterobacteriaceae (CRE). The number of detected
Aspergillus spp., Cladosporium spp., and Penicillium spp., were 46 (26.4%),
61 (35.1%), and 64 (36.5%) respectively. To sum up, according to the study,
more harmful microorganisms were detected in summer than in winter and
in office air conditioners than in houses or cars.

Min-Sung Kwon, Young Joon Oh, Sang-Pil Choi, Sulhee Lee,
Haeun Jo, and Hak-Jong Choi*
Kimchi Functionality Research Group, World Institute of Kimchi,
Gwangju 61755, Republic of Korea
Psoriasis is a chronic immune-mediated disease that occurs on the skin
tissues due to an excessive systemic inflammation. In this study, we isolated
lactic acid bacteria (LAB) from various types of kimchi, and identified
Pediococcus inopinatus, SBJ-1 which shows modulatory property of
psoriasis-related immune responses through in vitro screening using bone
marrow derived dendritic cells and OTII mouse splenocytes. We also
investigated the inhibitory capacity of SBJ-1 on the development of
imiquimod-induced psoriasis, a Th17-dominant immune disease in mice.
Oral administration of SBJ-1 attenuated the clinical symptoms of psoriasis
and histological severity, and reduced the expression levels of inflammationrelated genes (IL-1 beta, IL-6, tumor necrosis factor-alpha) and Th17related genes (IL-17, IL-22, IL-23) in skin tissue. Furthermore, the produc
tion of Th17 cytokine, IL-17, was decreased, but the proportion andfunction
of regulatory T cells was significantly enhanced in draining lymph nodes by
SBJ-1 treatment. Together, these results suggest that administration of
kimchi LAB modulates Th17-related inflammatory responses, and there
may be therapeutic potential for the treatment of psoriasis.

Keywords: Microorganisms

Keywords: Psoriasis, lactic acid bacteria, kimchi
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Analysis of the Functions of Severe Acute Respiratory
Syndrome Coronavirus 2 Non-Structural Protein 1
on the Inhibition of Type I Interferon

An Infectious cDNA Clone of a GH Clade SARS-CoV-2
Strain Isolated in South Korea

Taehun Kim and Jinjong Myoung*

Department of Biotechnology, Yonsei University, Seoul 03722,
Republic of Korea

Haewon Jung, Minwoo Kim, Hae-Gwang Jung, and Jong-Won Oh*

Molecular Virology, Korea Zoonosis Research Institute,
Jeonbuk National University, 820-120, Hana-ro, Iksan-si, Jeollabuk-do
54531, Republic of Korea

A novel coronavirus, severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) emerged in December 2019 in Wuhan, China. The ongoing
pandemic of coronavirus disease 2019 (COVID-19) caused by SARS-CoV-2
has been posing an unprecedented threat to global health and healthcare
systems. We previously reported the complete genome sequences of two GH
clade SARS-CoV-2 strains (YS006 and YS008) isolated from nasopharyngeal
swabs of patients with COVID-19 in South Korea. These strains had two
mutations in UTRs and ten nonsynonymous substitutions in ORFs,
compared with Wuhan/Hu-1/2019 showing 99.96% sequence identity. In
the present study, we have established a bacterial artificial chromosome
(BAC)-based reverse genetics system for the YS006 strain. The recombinant
SARS-CoV-2 rYS006, which was rescued by transfecting Vero E6 cells with
the BAC clone harboring the full-length cDNA of YS006, and its two
derivatives expressing luciferase or red-fluorescent protein were infectious.
The latter two reporter-expressing recombinant viruses were used to screen
for antiviral agents against SARS-CoV-2 and to determine neutralizing
antibody titers. The reverse genetics system established in this study would
enable us to understand a functional link between molecular evolution and
pathophysiology of SARS-CoV-2 by comparative studies with variants of
SARS-CoV-2.

SARS-CoV-2 is quickly spreading over the world, utilizing a variety of
virulence factor to achieve the specific objectives. An element designed to
evade or inhibit the innate immune responses is an example of virulence
factors. If SARS-CoV-2 avoids or inhibits the innate immune response,
which is the initial line of defense against invading viruses, the circumstances
are very unfavorable for the host. Therefore, we emphasize the need of
SARS-CoV-2 viral factor research for effective SARS-CoV-2 and COVID-19
control. Among the various SARS-CoV-2 virulence factors that inhibit the
innate immune system, nsp1 is known to inhibit type I interference
responses, we focused on the function of SARS-CoV-2 nsp1 for inhibition of
type I Interferon response and conduct studies to identify the suppression
mechanism and inhibitory residues of nsp1. Our findings show that host
shutoff is the fundamental mechanism of nsp1 that reduces Interferon-β
production, and that the major residues for host shutoff are K164/H165
amino acids. Furthermore, we propose through the experiments, that the
inhibitory mechanism of nsp1 includes inhibition of IRF3 phosphorylation
as well as host shutoff.
Keywords: SARS-CoV-2, nsp1, type I Interferon

Keywords: SARS-CoV-2, infectious cDNA clone, reverse genetics
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Enhancement of the Immune Responses of Mice to
Recombinant SARS-CoV-2 Spike Protein by the Adjuvant
CIA09A

Evaluation of Cationic Liposomes as Delivery Vehicle for
mRNA Vaccine

Min-Jeong Shin and Na-Gyong Lee*

Department of Integrative Bioscience and Biotechnology,
Sejong University, Seoul, Republic of Korea

Min Jeong Cha and Na Gyong Lee*

Department of Integrative Bioscience and Biotechnology,
Sejong University, Seoul 05006, Republic of Korea

Previously, we have shown that cationic liposomes are effective in delivering
vaccine antigens. In this study, we investigated the potential of cationic
liposomes as delivery vehicle for mRNA vaccine. We determined the ability
of cationic liposomes to enhance mRNA expression in vitro and in vivo and
to promote the immune responses to the expressed antigen in mice. HeLa
cells and DC2.4 mouse dendritic cells were incubated with luciferase mRNA
alone or in combination with various DOTAP-based liposomes, and mRNA
expression was assessed using luciferase assays. The results revealed that
mRNA expression was the highest in the cells treated with DOTAP:DOPE
liposomes regardless of cell types. DDA-based liposomes increased mRNA
expression in vivo similarly to DOTAP-based liposomes. The immunogenicity
of OVA mRNA combined with either DOTAP:DOPE or DDA:DOPE
liposomes was compared. Mice were intramuscularly injected twice with
OVA mRNA alone or combined with liposomes, and 2 weeks later immune
responses to OVA were determined. DOTAP-based liposomes were more
effective in inducing serum OVA-specific antibody response as compared
with DDA-based liposomes, while the latter was better in eliciting cellular
response as determined by the number of IFN-ɣ-secreting splenic cells and
secreted IFN-ɣ cytokine levels. These data suggest that cationic liposomes
may have a potential as delivery vehicle for mRNA vaccine.

The coronavirus (COVID-19) pandemic caused by SARS-CoV-2 continues
to spread throughout the world, and vaccination is the most efficient tool to
reduce the risk of COVID-19 infection. In previous studies, we developed
two adjuvant systems, CIA06 and CIA09A, and demonstrated their
adjuvanticity to various vaccine antigens. In this study, we compared the
adjuvant activity of CIA06 and CIA09A to SARS-CoV-2 spike protein in
mice. Balb/c mice were i.m.-immunized twice at a 2-week interval with
recombinant SARS-CoV-2 spike protein alone or in combination with alum,
CIA06, CIA09 or CIA09A. Mice were sacrificed 4 weeks after the second
immunization, and immune responses were assessed. The results revealed
that the group of mice administered CIA09A-adjuvanted vaccine was the
highest in serum virus-neutralizing antibody titers as well as antigenspecific IgG antibody titers among the experimental groups. Strong antigenspecific IFN-γ responses indicated induction of Th1-type cellular response
in the animals given CIA09A-adjuvanted vaccine. These data suggest the
potential of CIA09A as an adjuvant for the development of recombinant
SARS-CoV-2 spike antigen vaccine.
Keywords: SARS-CoV-2, vaccine adjuvant, immunogenicity

Keywords: mRNA vaccine, cationic liposome, mRNA expression
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Differential Fusogenicity of SARS-CoV-2 Spike Protein
Variants and Various Forms of Vaccine Antigens

Chemokine CCL6 Plays Key Role in the Inhibitory Effect of
Vitamin A on Norovirus Infection

Hawon Woo, Han Young Seo, Hae-Gwang Jung, Haewon Jung, and
Jong-Won Oh*

Heetae Lee1, Giljae Lee2, YoungBin Park3, You-Hee Cho4, and
GwangPyo Ko2*

Department of Biotechnology, Yonsei University, Seoul 03722,
Republic of Korea
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College of Pharmacy, Sahmyook University, Seoul, Republic of Korea,
Center for Human and Environmental Microbiome, School of Public
Health, Seoul National University, Seoul, Republic of Korea,
3
Department of Virology II, National Institute of Infectious Diseases,
Musashi-murayama, Tokyo, Japan, 4Department of Pharmacy, College of
Pharmacy, CHA University, Gyeonggi-do, Republic of Korea
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Since the outbreak of coronavirus disease 2019 (COVID-19) pandemic,
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) has caused
over 500 million COVID-19 cases worldwide and about 6 million deaths.
Severe cases of COVID-19 are associated with fatal lung damage caused by
the multinucleated syncytial pneumocytes. SARS-CoV-2 uses Spike (S)
glycoprotein to attach and enter into host cells via angiotensin-converting
enzyme 2 (ACE2) receptor. Therefore, S protein has been used as a vaccine
antigen to elicit neutralizing antibody-mediated protective immunity.
Besides its role in viral entry process, the interaction between the S protein
on the infected cell surface and the ACE2 receptor on neighboring cells can
lead to syncytium formation. This fusogenicity of S protein and proliferation
potential of SARS-CoV-2 variants are closely related with viral pathogenicity.
The S protein encoded by Moderna mRNA-1273 and Pfizer/BioNTech
BNT162b2 mRNA vaccines contains two proline (2P) substitutions (K986P/
V987P) that lock the S protein in a prefusion conformation to prevent
syncytium formation. Using a dual split-protein-based fusion assay, we
compared cell-cell fusion activity of various SARS-CoV-2 S protein variants
along with engineered S antigens including the one with the 2P substitution,
to be used as mRNA vaccine antigens. The results showed that the 2P
substitution prevents cell-cell fusion when compared to the original Wuhan
strain S protein.

Norovirus (NoV) is the most common viral cause of acute gastroenteritis
worldwide. Vitamin A has demonstrated the potential to protect against
gastrointestinal infections. However, the effects of vitamin A on human
norovirus (HuNoV) infections remain poorly understood. This study aimed
to investigate how vitamin A administration affects NoV replication. We
demonstrated that treatment with retinol or retinoic acid (RA) inhibited
NoV replication in vitro based on their effects on HuNoV replicon-bearing
cells and murine norovirus-1 (MNV-1) replication in murine cells. MNV
replication in vitro showed significant transcriptomic changes, which were
partially reversed by retinol treatment. RNAi knockdown of CCL6, a
chemokine gene that was downregulated by MNV infection but upregulated
by retinol administration, resulted in increased MNV replication in vitro.
This suggested a role of CCL6 in the host response to MNV infections.
Similar gene expression patterns were observed in the murine intestine after
oral administration of RA and/or MNV-1.CW1. CCL6 directly decreased
HuNoV replication in HG23 cells, and might indirectly regulate the immune
response against NoV infection. Finally, relative replication levels of MNV1.CW1 and MNV-1.CR6 were significantly decreased in CCL6 knockout
RAW 264.7 cells. This study is the first to comprehensively profile transcriptomes
in response to NoV infection and vitamin A treatment in vitro, and thus
may provide new insights into dietary prophylaxis and NoV infections.

Keywords: SARS-CoV-2, fusogenicity, vaccine
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Virulence Attenuation in Contemporary Zika Virus via
Genetic Drifts within Viral Nonstructural Genes
Hae-Gwang Jung, Hee Cho, Haewon Jung, Yeonju Bak, Se-Young Lee,
and Jong-Won Oh*
Department of Biotechnology, Yonsei University, Seoul 03722, Republic of
Korea
Zika virus (ZIKV) has been circulating in human networks over 70 years
since its first appearance in Africa, with evolutionary mutations. Currently,
little is known about the impact of evolutionary genetic changes in the
nonstructural protein (nsp)-coding genes of ZIKV. In this study, we
investigated whether ZIKV nsps play critical roles in determining viral
replication capability and pathogenicity. By a reverse genetics approach
using two infectious cDNA clones for the MR766 strain isolated in Uganda,
Africa in 1947 and for a consensus sequence (Con1) of ZIKV representing
Asian ZIKV strains, we demonstrated that ZIKV Con1 shows a growth
attenuation property, when compared with PRVABC59 strain isolated in
2015 from Puerto Rico and the prototype African strain MR766. By gene
swapping experiments using the two infectious cDNA clones, we found that
the viral NS1–5 proteins of MR766 enhance replication competence of
ZIKV Con1. The Con1 found to display an avirulent phenotype in type I
interferon receptor-deficient A129 mice acquired severe bilateral hind limb
paralysis when its NS1–5 genes were replaced by MR766 counterparts.
Moreover, MR766 NS5 RNA-dependent RNA polymerase (RdRp) alone
also rendered the Con1 virulent in mice, despite there being no difference in
RdRp activity between MR766 and Con1 NS5 proteins in vitro. Together,
our findings uncover an unprecedented role of ZIKV NS proteins in
determining viral pathogenicity.
Keywords: Zika virus, infectious cDNA clone, nonstructural proteins
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Lactic Acid Bacteria Strains Isolated from Kimchi
Alleviates OVA Induced Allergic Asthma in Murine Model

MyD118 Enhances RLR Signaling by Facilitating
G3BP-Mediated Antiviral Stress Granule Formation

Sang-Pil Choi, Gahee Choi, Haeun Jo, and Hak-Jong Choi*

W. A. Gayan Chathuranga and Jong-Soo Lee*

Kimchi Functionality Research Group, World Institute of Kimchi,
Gwangju 61755, Republic of Korea

College of Veterinary Medicine, Chungnam National University,
Daejeon 34134, Republic of Korea

Allergic asthma, a type I airway hypersensitivity, is characterized by Th2
type airway inflammation and IgE overproduction by plasma cells and
induced by prolonged exposure to specific allergens like dust mites,
cockroaches, and pollen etc. The prevalence of allergic asthma has
continuously increased over the decades. In this study, we evaluated the
therapeutic efficacy of selected lactic acid bacteria strains isolated from
kimchi in a mouse model of OVA induced allergic asthma. Oral
administration of LAB1 and LAB2 alleviates the symptoms of OVA induced
allergic asthma by reducing airway hypersensitivity, histological scores, and
the number of infiltrated immune cells in lung tissue. Furthermore,
Bronchoalveolar lavage fluid and draining lymph node immune cells from
LAB1 and LAB2 administered mice exhibited decreased number of cells and
production of Th2 type cytokine (IL-4, IL-5, and IL-13) compared with
those from vehicle administered mice. Consistent with these results, serum
IgE and OVA-specific IgG1 levels were also decreased in LAB1 and LAB2
administered mice. In conclusion, oral administration of LAB1 and LAB2
alleviates the symptoms of OVA induced allergic asthma in mice by
suppressing Th2 responses. These results suggest that LAB1 and LAB2 may
be applicable as a probiotics for the prevention and alleviation of allergic
asthma.

Myeloid differentiation primary response protein, MyD118 is a member of
the growth arrest and DNA damage-inducible 45 gene family. MyD118
regulates a wide array of pivotal cellular functions including cell cycle
regulation etc. Although MyD118 plays multiple regulatory functions in
various signaling pathways, its specific role in antiviral immunity has not
been studied. In this study, we report that MyD118 is a potent positive
regulator of RLR-mediated signaling upon RNA virus infection. Cytoplasmic
stress granules (SGs) are an important antiviral signaling hub that activates
RLR-mediated signaling. MyD118 physically interacted with G3BPs as
stress granule (SG) central node and localized in virus-induced SGs during
the early time of infection. This interaction obstructs autoinhibitory
electrostatic intramolecular interactions of G3BP. Thereby, MyD118
engenders an open conformational transition of G3BP and promotes the SG
assembly. Ultimately, depletion of MyD118 expression leads to impaired SG
formation, antiviral responses and concomitant enhancement of viral
replication in vitro. Furthermore, MyD118 knockout mice were highly
susceptible to RNA virus infection. Taken together, our findings indicate the
critical role of MyD118 in the modulation of SG-mediated immune
response to viral infection.
Keywords: RLR signaling, MyD118, stress granule

Keywords: Allergic asthma, lactic acid bacteria, kimchi

[NRF of Korea (Grant no. 2019R1A2C2008283 and 2021R1A6A1A03045495)
and KRIBB Program (KGM9942011)]
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E3 Ubiquitin Ligase Seven in Absentia Homolog-1 Targets
Specific Deubiquitinase for the Positive Regulation of
Host Innate Immune Signal
Asela Weerawardhana and Jong-Soo Lee*
College of Veterinary Medicine, Chungnam National University,
Daejeon 34134, Republic of Korea
SIAH (Seven in Absentia Homolog), an E3 ubiquitin ligase is a mammalian
homolog of SINA (Seven in Absentia), a Drosophila protein which first
identified as involved in the development of the Drosophila eye. With a
highly conserved N-terminal RING domain, SIAH1 consists of two zinc
finger domains and a substrate-binding domain. It is mainly involved in
cellular stress responses, but SIAH1 is associated with a broader range of
cellular processes, including neural functions, hypoxia, DNA damage
response, and cell cycle regulation. In this study, we report that E3 ligase
SIAH1 is a novel positive regulator of host innate immune signaling upon
viral infection. SIAH1 interacted directly with USP19, which isknown to be
involved in deubiquitinating Beclin1, TRAF3, and TRIF for downregulation
of the interferon (IFN) signaling pathway during the early phase of infection
and catalyzed K-27-linked ubiquitination of 3 Lysine residues on USP19,
which resulted in its degradation. Finally, knockdown of SIAH1 inhibited
type I interferon signaling and enhanced viral replication. Collectively, these
data provide a clear understanding of the molecular mechanism of SIAH1
mediated positive regulation of host immune response to virus infections by
targeting USP19.
Keywords: Seven in absentia homolog-1, USP19, ubiquitination
[NRF of Korea (2019R1A2C2008283 and 2021R1A6A1A03045495), KRIBB
Program (KGM9942011)]
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Lipocalin2; The Revolution to Treat Acinetobacter
baumannii Infection

Development of Recombinant Viral Antigen for p205 From
African Swine Fever Virus

Daejin Lim1, Dogeun Lee1, Insu Jeon1, Saeyeon Hong1, and
Miryoung Song2*

Junghun Kim1, Jaewan Park1*, Zion Choi1*, Hakhyun Ka1*,
Bo-Young Jeon2*, and Minsun Hong1*
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African swine fever virus (ASFV) is DNA virus, belonging to the Asfarviridae
family, and causes African swine fever (ASF). ASFV infection in pigs has no
noticeable symptoms in early stages but is highly virulent with ~100%
mortality rates in domestic pigs. Recent and frequent outbreaks of ASF have
been reported in many countries including Korea. Despite the severity, there
is no available vaccine for ASFV infection. Therefore, it is critical to perform
a rapid diagnosis at an early stage of ASFV infection to prevent from further
transmission and to reduce economic damages. However, ASFV diagnosis
must be accurate since the false positive results cause to slaughter pigs in
domestic farms. In this study, an ASFV antigen, p205, was selected as an
economical and effective candidate for diagnosis of ASFV infection.
Recombinant technology was used to produce and purify the ASFV p205.
During studies, we experienced instability of a purified ASFV p205 and
screened to optimize the ASFV p205 preparations. Finally, the ASFV p205
succeeded to purify in pure and in stable form and proceeded to further
applications for diagnosis and for vaccine designs. The results will be
presented.

According to the World Health Organization, Acinetobacter baumannii is
classified as priority pathogen due to high rates of multiple-drug-resistance.
Therefore, it is urgent to develop alternative(s) that can replace antibiotics
for treating the infection by A. baumannii. In this study, we hypothesized
that lipocalin 2 (Lcn2) can be used for the treatment of A. baumannii
infection based on role of Lcn2 as siderophore scavenging molecule. We first
developed mouse model for A. baumannii infection where neutropenia was
induced by cyclophosphamide before the administration of bacteria to
mimic infection condition. And we observed a significant increase in serum
Lcn2 levels upon bacterial injection into the mouse, and the application of
recombinant Lcn2 (rmLcn2) extended their survival. Such protective effects
were also noticed in rmLcn2-pretreated macrophages, where rmLcn2
reduced the survival of the pathogen inside the macrophages. The
fundamental molecular mechanism by which Lcn2 inhibits bacterial
infection was also investigated. We observed that pretreatment of the
Raw264.7 macrophages with rmLcn2 clearly altered the expression of tonB3
of A. baumannii, which encodes a part of the transporter for ferrisiderophores
in A. baumannii. However, the expression of katG encoding catalase was not
changed. These indicate that Lcn2-mediated defense against the pathogen is
related to nutritional immunity rather than reactive oxygen species (ROS)
production. Furthermore, the addition of rmLcn2 in infected mice
diminished bacterial burden in multiple organs and increased the expression
of tonB3 of bacteria in the liver, spleen, and lungs of the infected mice.
Increased survival rate due to rmLcn2 treatment decreased when the
infection model was established using lcn2-defective (lcn2-/-) mice, which
indicated the necessity of endogenous Lcn2. Therefore, our results suggest
that Lcn2 can be effective against A. baumannii infection.

Keywords: African swine fever, p205, antigen
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Study for Recombinant Viral Antigen, EP402R, of African
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African swine fever (ASF) is a serious infectious disease in pigs. Upon in
fection with the African swine fever virus (ASFV) in pigs, severe hemorrhagic
fever occurs and results in a mortality rate of 100%. After ASFV was first
reported in Kenya in 1921, ASF cases have been rapidly increasing in Europe
and Russia, and recently in Korea and other Asian countries. Due to no
available vaccine for ASFV, a prompt diagnosis is required and vaccination
program must be developed. In our study, an ASFV immunogenic protein,
EP402R, was selected as a candidate to use for a recombinant antigen for
diagnosis and vaccination. The ASFV EP402R protein was prepared using
bacterial expression system and successfully purified. The purified ASFV
EP402R was characterized biophysically. In addition, immunogenicity of the
ASFV EP402R was empirically tested in vitro as well as in vivo, demonstrating
a potential application of the recombinant ASFV EP402R for ASFV infection
diagnosis and for subunit vaccines. The results will be presented.
Keywords: African swine fever, EP402R, antigen
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Maackiain Suppresses Atopic Dermatitis via TNF-α/
IFN-γ-Induced Inflammation in HaCaT Cells

Expression of SARS-CoV-2 Antigens on the Surface of
Lactic Acid Bacteria for the Development of Oral Vaccine
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Kyung-Seop Ahn2,#
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Use of lactic acid bacteria as a delivery platform for mucosal vaccination is
considered as an appealing alternative because of its generally regarded as
safe (GRAS) status, its potential adjuvant properties and its tolerogenicity to
the host. Surface exposed antigenic determinants on bacteria have high
potential to be recognized by the host’s immune system. Severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2), which causes the
coronavirus disease 2019 (COVID-19), is a highly transmissible and
pathogenic virus. COVID-19 was found to be extremely contagious,
especially to humans due to the receptor-binding domain of SARS-CoV-2
spike protein and ability to bind to the ACE2 receptor in the lung and
gut epithelial cells of human. In this study, SARS-CoV-2 antigens were
displayed on the surface of Lactiplantibacillus sp. by transformation.
Immunofluorescence analysis verified that the SARS-CoV-2 antigen were
efficiently expressed on the surface of the host. When the recombinant
bacteria were orally administered into mice, increased levels of blood IgG
and fecal IgA were found. This study demonstrates that lactic acid bacteria
is a potential vector that can effectively deliver SARS-CoV-2 antigen to host’s
intestinal mucosa. Finally, this study opens the avenue for the use of
probiotics in the development of safe and effective novel mucosal vaccines
for human and animal applications.

S. flavescens is widely distributed in Japan, China and South Korea, and its
roots are used in traditional medicine and folk remedies such as antipyretic
and anthelmintic. In addition, the roots of S. flavescens are used for
inflammatory diseases, skin makeup and ulcers. However, there were no
reports that it was used for atopic dermatitis, so we checked. We confirmed
the anti-inflammation effect of maackiain at mRNA level and DNA level.
RT-qPCR was used for mRNA levels and ELISA assay was used for DNA
levels. We confirmed the effects of Maackiain cytokines and chemokin and
conducted a mechanism study. The Maackiain signaling pathway was
validated through Western blots. In this study, ELISA and RT-qPCR were
performed to determine if maackiain reduced the expression of inflammatory
cytokines and chemokines in TNF-α/IFN-γ treated HaCaT cells. As a result,
the expression levels of chemokines (TARC, MDC and RANTES) and
cytokines (IL-6, IL-8 and IL-1β) were dose-dependently reduced by
maackiaine treatment. Maackiain has also shown reduced activation of NFκB, STAT1/3 and MAPK in TNF-α/IFN-γ treated HaCaT cells. In addition,
co-administration of maackiain and inhibitor had a synergistic effect and
significantly reduced the inflammatory response. As a result, it was
confirmed that maackiain suppresses inflammation via the signal
transduction pathways of NF-κB, STAT1/3 and MAPK. Therefore, these
results indicate that maackiain exhibits anti-atopy and anti-inflammatory
dermatitis activity in HaCaT cells.

Keywords: Lactiplantibacillus sp., SARS-CoV-2, oral vaccine
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Design and Production of Monoclonal Antibodies against
Red Sea Bream Iridovirus (RSIV)

Analysis of the Potential of Exosomes Secreted from
Helicobacter pylori-Pulsed Dendritic Cells as
Immunomodulators
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Red Sea Bream Iridovirus (RSIV), the causative agent of Red Sea Bream
Iridoviral Disease (RSIVD), infects a broad range of fish species. RSIVD
causes mass mortalities leading to detrimental damage on aquaculture
industries. In the 1990s, a monoclonal antibody (MAb) to detect RSIV was
generated in Japan, and it’s still used today for the diagnosis of RSIVD.
Although Korea has its own OIE reference laboratory, we are still relying on
the MAb made in Japan for RSIV detection. Herein, we proceed to generate
our own MAbs against RSIV. Within ORFs of RSIV, the ORF_7 region
(3,153 bp) which contains a laminin-type epidermal growth factor-like
domain (LEGFD) was determined to be a potent immunodominant
antigenic site. Seven amino acids, EYDCPEY, located at LEGFD have been
four times repeated at the C-terminal region of ORF_7 allowing us to
designed Try_1 (696 bp) as an epitope candidate. We also designed a second
potent epitope candidate Try_2 (624 bp) located at the N-terminal region of
ORF_7 using the SVMTriP epitope prediction software. Try_1 and 2 were
cloned into Escherichia coli BL21(DE3) with a pET overexpression system,
respectively. SDS-PAGE will be performed to check antigen overexpression,
then Ni2+-affinity chromatography will be performed to purify antigen
candidates. The MAbs against Try_1 and 2 will be generated in the
laboratory of Aquatic Animal Diseases at Gyeongsang National University.
Through this study, we will be able to secure our own RSIV detection MAbs
and apply it to the OIE reference laboratory.

Previous studies reported that exosomes represent the activities of cells from
which they are secreted and that miRNAs in exosomes can be transferred
into other cells, then regulate responses of the cells. Interestingly, dendritic
cells (DCs) pulsed by H. pylori show the characteristics of inducing
regulatory T cells (Tregs), important cells in the down-regulation of immune
responses. All these previous studies suggest that there should be miRNAs
that can reduce immune responses in exosomes secreted from DCs pulsed
by H. pylori. Therefore, we tried to discover miRNAs capable of reducing the
immune responses from exosomes isolated from DCs that have been pulsed
by H. pylori. To complete the aims, mice bone marrow-derived DCs were
pulsed with H. pylori for 18 h. RNAs were extracted from these cells to
analyze the immune responses by qRT-PCR, which showed an increased
expression of IL-1β, IL-6, IL-10, IFN-γ, and CD40 and no difference in
expression levels of IL-12 and MHCII, compared with non-treated DCs.
The exosomes were collected from PBS-pulsed DCs, H. pylori-pulsed DCs,
and E. coli-puled DC by ultracentrifuge. Mice bone marrow-derived DCs
were stimulated with each exosome (PBS-pulsed exosome DCs, Hp-pulsed
exosome DCs, and E. coli-pulsed exosome DCs) to investigate their abilities
to induce regulatory immune responses. There were no differences in all
target gene expression levels in the Hp-pulsed exosome DCs compared to
the PBS-pulsed exosome DCs. On the other hand, while the Hp-pulsed
exosome DCs showed an increase in expression levels of IFN-γ, TGF-β, and
CCR7 compared to the E. coli-pulsed exosome DCs, high levels of gene
expression in IL-1β, IL-6, IL-12, IL-10, CD40, and CD80 were observed in
the E. coli-pulsed exosome DCs. Our results showed that H. pylori-pulsed
DCs tended to induce Tregs. It was also observed that the exosomes secreted
from the H. pylori-pulsed DCs could promote the DCs to induce Tregs.
Altogether, our results demonstrated the possibilities of utilizing substances
including miRNA in the exosomes from H. pylori-pulsed DCs as
immunomodulators. In a further study, miRNAs related to the
immunomodulatory activity are being analyzed by RAN-Seq.

Keywords: Epitope, monoclonal antibody, RSIV

J-28
The Novel Side Effects of Vaccines Detection Sensor with
Electrocardiogram and Computer-Aided Diagnostic
Algorithm
Jong-Ha Lee, Seok-min Hwang, and Jin-Chul Heo
Department of Biomedical Engineering, School of Medicine,
Keimyung University, Daegu, Republic of Korea
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Currently, there are mRNA vaccines developed as new COVID-19 vaccines.
However, there are symptoms of myocarditis or pericarditis as a side effect
of the vaccine. Side effects on the heart show a radical course of development
and the risk of death is very high. Thus, it is difficult to identify the
symptoms without ECG and X-ray tests. Basically, ST segment elevation,
arrhythmia, and conduction disorders are identified to diagnose myocarditis
or carditis. Through this, side effects of vaccines can be detected. In this
study, we propose a novel sensor to detect vaccine side effects using
electrocardiogram (ECG) and computer-aided diagnostic algorithm.

[This work was supported by the NRF grant funded by the Korea
government (MSIT) (No. 2017R1C1B5076887 and 2019R1I1A3A01059312).]

Keywords: COVID-19, side effect, vaccine
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Synergy and Antagonism of Active Constituents of
Schisandra chinensis on Neuronal System
Junho Lee and Sanung Eom

Effects of Microplastics in Immune Responses and
Pathogen Susceptibility of the Nile Tilapia
(Oreochromis niloticus)
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Schisandrin C is one of the main components of S. chinensis. Since olden
times, Schisandra has been used as a traditional herbal medicine in Asia.
Recent studies have shown that Schisandra is effective against irritable bowel
syndrome (IBS) in an animal study. There is a research result that Schisandra
affects IBS through the 5-HT3A pathway in the IBS rat model. We found
these described below. Co-treatment with Sch C inhibited I5-HT in a
reversible manner, concentrate-dependent, like-competition, voltageindependent, and IC50 values of Sch C. Besides, the main binding positions
of Sch C identified through 3D modeling and point mutation are V225A
and V288Y on 5-HT3A receptor. This is fundamental evidence of the effect
of Schisandra in the previous study. Thus, we suggest the potential that Sch
C may treat IBS in a way.

Microplastics (MPs) can transfer and accumulate through food chain from
prey to predator by ‘trophic transfer’ process. Previous studies have shown
that MPs are not degraded in the body and accumulate in each tissue,
resulting in physical obstruction or damage to the feeding and digestive
tract. In addition, MPs can be induced trancriptional changes, immune
response, and behavioral alterations in fishes. However, direct studies on
host-pathogen susceptibility to MPs are still limited. Herein, we designed
the experiments to confirm the effect of MPs accumulation by exposing
fluorescent 0.5 μm MPs to Nile tilapia (Oreochromis niloticus), a represen
tative farmed fishes. After 14 days exposure, length and weight of Nile tilapia
will be measured to determine differences in growth rates between MPstreated and non-treated groups. Histological observation by H&E staining
will be performed to detect physiological and pathological changes. The
accumulation of MPs in various tissues will be observed by a confocal
microscope. Metagenomics approach will be performed to define the
alteration of fish gut microbiota by MPs exposure. The effects of MPs on fish
immune/stress-related genes expression levels will be confirmed by qRTPCR analysis. To test the pathogen susceptibility in MPs exposed fish, LD50
analysis will be conducted with Vibrio anguillarum. Although this research
is in very early stage, our study can provide the insight of MPs accumulation
in aquatic organisms, and its impacts on pathogen sensitivity.

Keywords: Bowel syndrome

Keywords: Microplastics, nile tilapia, susceptibility
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Diversity of Cutibacterium acnes in the Marine Polychaete
Capitella teleta and Its Potential of Nutritional Symbiotic
Relationship with the Host Worm

Screening of Key Factors Associated in the
Cryopreservation of Freshwater Green Algae
JunHo Yim, Seon Min Kim, Seong Ryeol Choi, Yong Bae Seo, and
Young Jae Jeon*
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Microalgae research has been recognized as one of the most important
biological resources in the bioindustry. However, despite their importance,
the basic research related to the preservation of microalgal cultures has not
widely performed. Due to their diverse morphological and physiological
characteristics of microalgae, there is currently no standard preservation
method for microalgae. Therefore, this study investigated the key factors
involved in the success of cryopreservation of 20 types of green algae
received from Freshwater Biological culture collections Nakdonggang
National Research Institute, Sanju, Korea. In this study, for the
cryopreservation of microalgae, the cooling control and thawing process
with proper cryoprotectant selection and concentrations were evaluated as
key factors. The cryopreservation efficiency was evaluated for 6 months
based on cell survival rates and cell recovery rate using post-thawing
cryovials. The results showed that cell recovery rates and cell viabilities were
various within the tested taxonomical group. In addition, cell survival rates
and cell recovery rates tested strains did not showed positive relationships
which indicated that further study need for the reasons and cryopreservation
method need to be developed on each species-based.

This study has shown that C. acnes persistently presented in Capitella teleta’s
gut and it produced propionate and vitamin B12 in vitro, suggesting that the
bacterium would function as a member of core microbiome for host vitality.
While diverse phylotypes of C. acnes have been observed in worms, it
appeared to be dominated by a single phylotype composed of clonally
related strains, implying that there would be a selective force on C. acnes
genotypes in C. teleta’s gut. The dominance of propionibacteria and other
fermentative microbes revealed by 16S rRNA gene sequence-based microbial
community analysis in the previous studies relevantly support the results of
this study. This is the first report of C. acnes isolated from C. teleta as a
member of core microbiome in the polychaete and provide a clue on further
researches required to elucidate symbiotic relationship between the marine
polychaete and its gut microbes.
Keywords: Cutibacterium acnes, Capitella teleta, gut microbiota
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Activated Sludge
You-Jung Jung1, Sang-Hoon Lee2, Na-kyung Kim2, Hee-Deung Park2,
Jun Mi Hur1, Yoonyong Yang1, Garam Jeong1, and Moonsuk Hur1*
1

Biological and Genetic Resources Assessment Division, National Institute
of Biological Resources, Incheon 22689, Republic of Korea, 2School of
Civil, Environmental and Architectural Engineering, Korea University,
Seoul 02841, Republic of Korea
The aim of this study to analyze the bacterial community and correlation
with between dominant species in each sample of activated sludge in the
extremely contaminated environment, such as sewage treatment plant.
Thirteen samples were collected from anaerobic digestion reactor, high salt
wastewater, and landfills etc. Bacterial community analysis was performed
with Miseq and then identified using SILVA DB, and correlation between
dominant microbial taxa was visualized using Gephi after analyzing based
on spearman’s correlation coefficient. As a result, sewage sludge samples
treated high salt wastewater and compost showed high biodiversity, but
landfill sample showed low biodiversity. As a result of weighted UniFrac
distance analysis, microbial community was similar depending on sample
collection site, but one of the landfill sample was confirmed to have a
different community structure from other samples. The result of spearman’s
coefficient analysis, it was confirmed that the phylum Verrucomicrobiota
had the greatest mutual influence, and the phylum Synergistota, which is
frequently found in anaerobic wastewater treatment tank, had an effect on
various phylums. These results will contribute to securing useful resources
and understanding the environment.
Keywords: Bacterial community, sewage treatment plant, NGS
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Pathogenic Bacteria Induced Microbial Community
Changes in Rhizosphere Soils of Korean Chili Peppers
(Capsicum annuum) and Chinese Cabbage (Brassica rapa)

Revealing the Diversity and Stability of Bacterial
Communities in Organic Tomato Rhizosphere Microbiota
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Wangchuk Choeki
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There is increased research in microbial communities that influence natural
beneficial interactions between crops and soil microbes to improve soil
healthy and crop production. In this study, the variation and composition of
rhizobacterial communities in five organic tomato field soilsa, combined
with one cultivar in difference cultivation year of organic tomato, were
systematically investigated. The organic tomato rhizosphere microbiota
related with more organic cultivation year was dominated by bacteria from
the phyla Proteobacteria, Bacteroidetes, and Acidobacteria, mainly com
prising Burkholderiales, Nitrosomonadales, Myxococcales, Sphingobacteriales,
Cytophagales and Acidobacteria subgroups. The rhizobacterial community
in the rhizosphere microbiota of the tomato in the organic tomato
rhizosphere soil generally overlapped with that of tomato cultivation year
with 2, 3, 5, 10 and 15 year, which was grown in five local field soils. The
results revealed that the hypothesis that tomato harbors largely conserved
communities of rhizosphere microbiota that related with organically
cultivated year. The results demonstrated that the rhizosphere bacterial
communities was collectively influenced by soil stable time, including the
available bacterial communities of the rhizosphere soils, and crop cultivation
type

It is well known that the rhizosphere microbial communities are closely
associated with plant roots. The rhizosphere microbiota can be harmful or
beneficial to the host plants. In this study, to know whether pathogencaused plant diseases would lead changes of rhizosphere microbiota or not,
pathogenic bacteria were added to the plants through leaf stomata and the
soils to induce the diseases and the rhizosphere microbial communities were
analyzed using multiplex sequencing. The plant pathogen Xanthomonas
euvesicatoria 173-1 causing bacterial spots was applied to Korean chili
peppers (Capsicum annuum) and the plant pathogen Erwinia carotovora
SCC1 causing bacterial soft rot was applied to Chinese cabbage (Brassica
rapa). The pot soils were collected before and after the pathogen applications
and disease occurrences and analyzed for v4 region of bacterial 16S rRNA
gene using Illumina iSeq 100 system. In the bacterial spot disease peppers,
soil bacterial diversity was larger than in the normal pepper soils in terms of
both species richness and evenness. Although it was not easy to indicate the
responsible taxa for the differentiation, the communities were found to have
diverged in both the cases of the control and disease plants, supported by
NMDS and PCoA analyses on distance metrics of the communities. From
the Chinese cabbage soils, there was less differentiation of microbiota
between the normal and disease plants, than in the pepper soils. In the
further study, it would be also interesting to investigate the important factors
for divergence of results between pepper and cabbage.

Keywords: Organic tomato, rhizosphere, microbiota
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Feammox [anaerobic ammonium oxidation coupled to iron(III) reduction]
has been known recently as a newly discovered nitrogen cycling process and
contributes to nitrogen loss in various environments such as terrestrial and
aquatic ecosystem. However, little has been reported about the feammox
and anammox in rice paddy soils. In this study, we intended to acquire clues
for potential anammox and/or feammox activities from paddy soils by
analyzing anammox and Fe(III) reduction-relevant genes, microbial
communities, and geochemical parameters important to anammox. Rice
paddy soil samples were collected from 4 depths using a soil sampling hand
auger. In the deepest soils of L4 (41.5-59.5 cm below ground surface, bgs),
hydrochloric acid (0.5 N) extractable Fe(II) was found to be highest among
the 4 depths, indicating formation of anaerobic condition. Nitrate was not
detected from all the depths, suggesting that denitrification was possibly
spread throughout the studied depth. Quantitative PCR on hzsA gene and
mtrA gene showed that abundance of Fe(II) reduction-related mtrA gene
increased along with the soil depth and the relatively high hzsA gene ratio
versus 16S rRNA gene was correlated with the low concentration of NH4+ in
L3 soils, indicating possible anammox activity. Amplicon sequencing
analysis using Illumina iSeq 100 on v4 region of 16S rRNA gene indicated
that relatively higher abundance of Planctomycetes phylum in L4 than other
depths. From the analytical results, it seems that there are clues for anammox
and/or feammox reactions in the rice paddy soils, and there needs to be
further investigation.
Keywords: NGS, anammox, quantative PCR
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Arazyme in Combination with Dietary Carbohydrate
Ameliorate Ammonia, Hydrogen Sulfide and Growth
Performance by Regulating the Gut Microbiota in Pigs

Cold Adaptation and Diversity of Bacteria Isolated from
Antarctica
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Exogenous dietary enzymes can break down non-starch polysaccharides
and enzyme-resistant proteins, leading to improved nutrient utilization as
well as reduced odor. In this study, feeding trials were conducted to
investigate the effects of arazyme and dietary carbohydrolases on the growth
performance, ammonia (NH3) and hydrogen sulfide (H2S) emissions, and
the gut microbiota of pigs. The control group was fed a basic diet while the
treatment group was supplemented with a 0.1% exogenous enzyme mixture
made up of 7.5:1:1 of arazyme, xylanase, and mannanase, in addition to the
basic diet. Feces were used to analyze odorous compositions and bacterial
communities. Gas out of the Ventilation fan was used to monitor for NH3
and H2S. The results revealed that multi-enzyme not only increased the
growth performance of pigs but also reduced nitrogen compounds, NH3,
and H2S emissions. Importantly, the number of butyrate and lactateproducing bacteria increased but the number of NH3 and H2S-producing
bacteria decreased by multi-enzyme. Also, the predicted metabolic pathways
such as sulfur and nitrogen-related metabolism were altered. Our results
suggest that arazyme and dietary carbohydrolases may ameliorate the
growth performance and odor emissions by regulating the gut microbiota in
pigs.

The purpose of this study is to investigate the diversity and cold adaptability
of bacterial strains isolated from samples collected in Antarctica (King
Sejong Station, Jangbogo Science Bass and Ross Sea). Sample diluted by 10
fold dilution method after homogenization, were inoculated on NA, R2A,
Zobell 2216e, YPG, GYA and YMA agar plate and then incubated at 15℃
for 20 days. The 132 bacterial strain were isolated by morphological
characteristics of grown colonies and stored in 15% (v/v) glycerol solution.
Isolates were tested for their ability to grow at temperatures (5, 10 and 25℃).
As a result, psychrophiles, psychrotroph, and mesophile were 9%, 58%, and
33%, indicating that the proportion of psychrotrophs was high. From the
phylogentic analysis based on 16S rRNA gene sequence, bacteria consisted
of 00 taxa in 0 genera.
Keywords: Antarctica, morphological characteristics, phylogentic analysis
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Flagellimonas jejuensis sp. nov., Isolated from Marine
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An orange-pigmented bacterium, designated strain, isolated from deep-sea
sediment collected in Jeju Island, Republic of Korea. Cells were aerobic,
Gram-negative, rod-shaped and non- motile on Marine agar. Strain HSM57T
was growth occurred at 15-35 (25℃), at the pH 6.0-9.0 (pH 7.0) and in the
presence of 1-5% (w/v) NaCl (2% NaCl). Phylogenetic analysis based on
gene sequences, showed that strain HSM57T belonged to the genus
Flagellimonas and shared the highest 16S rRNA gene sequences similarity
with Flagellimonas aqumarina ECD12T (96.6%) and Flagellimonas eckloniae
DOKDO007T (96.2%). The main cellular fatty acids were iso-C15:0, iso-C15:1
G and iso-C17:0 3-OH. The major respiratory quinone was MK-6. The G+C
content of the genomic DNA was 39 mol%. On the basis of phylogenetic
analyses, strain HSM57T represents a novel species of the genus Flagellimonas,
for which the name Flagellimonas jejuensis sp. nov. is proposed. The type
strain is HSM57T (=KACC 19632T=JCM 33083T).

Nanotechnology’s research and advancement has opened up new
possibilities in domains such as biosensors and drug delivery in today’s
world. Because nanomaterials are employed in so many industries, study
into their impacts on the human body or the environment has become
essential, and assessments have been done in a variety of organisms and
their habitats. Assessment of toxicity to water systems is not as rapid as
compared to terrestrial ecosystems, but it is equally important. With various
algal cells, several cytotoxicity indicators have been investigated, and the
main damage that GO can do to cells has been discovered. Certain research’
findings, on the other hand, are contradictory or inconsistent. Therefore, we
studied the mechanism of cytotoxicity according to the size (nano and
micro) and concentration (0.1 mg/L, 1 mg/L and 10 mg/L) of GO by treating
Eulglena gracilis with two types of nutrition method (heterotrophic and
phototrophic). In conclusion, micro-sized GO surrounds the cell and
interfered with photosynthesis, whereas nano-sized GO caused damage to
the cell membrane, causing cell death, while also being uptaken into the cell.

Keywords: Jeju, marine sediment, Flagellimonas sp. nov.

Keywords: Euglena gracilis, grapheneoxide, cytotoxicity
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A New Useful Euglenoid Eutreptiella sp. (KCTC AG60758)
from Korean Coastal Waters: Morphology, Phylogeny, and
Fatty Acid Composition

Characterizing the Core Microbiome of Marine Algae in
the Coast of Korea
Jeong Min Kim, Kyeong Ryeol Kim, and Che Ok Jeon*

Sungmo Kang, Ki-Hyun Kim, and Zhun Li*

Department of Life Science, College of Natural Science, Chung-Ang
University, Seoul 06974, Republic of Korea

Biological Resource Center/Korean Collection for Type Cultures (KCTC),
Korea Research Institute of Bioscience and Biotechnology, Jeongeup
56212, Republic of Korea

Bacteria living near marine algae have various symbiotic relationships with
marine algae and thus the aim of this study was to investigate the microbiome
of marine algae on the coast of the Korean peninsula. More than 30 marine
algae were collected from the west and east coasts of the Korean peninsula
in July and November, and their loosely and closely associated bacterial
communities, along with the bacterial communities of seawater, were
analyzed. Bacterial diversities and communities clearly differed depending
on sampling time as well as spatial proximity. In addition, loosely and closely
associated bacterial communities of marine algae were also different depend
ing on red algae. Vibrio, Pseudoalteromonas, Marinomonas, Pleurocapsa,
Alteromonas, Roseibacillus, and Blastopirellula were significantly more
abundant in the closely associated bacterial communities compared to the
loosely associated bacterial communities. Information of the core
microbiome of marine algae will provide the basis for the next step studies
towards understanding the symbiotic interactions of bacteria and marine
algae.

Euglenoids are the primary producer of useful fatty acids that can be used
in functional foods, feed, and biofuels. However, most commercial strains
of euglenoids are isolated from freshwater samples, so isolation and
identification of marine strains are required. In this study, to clarify an
unspecified euglenoid strain (KCTC AG60758) isolated from Korean
coastal waters, its morphology, molecular phylogeny, and fatty acid
composition were examined. The vegetative cells were 23.7±2.9 mm in
length and 7.6±0.5 mm in width, longitudinally spindle-shaped, narrowed
at anterior part to a truncated apex, and tail-like extension at the posterior
end. The chloroplasts were numerous. An eyespot was present in the
anterior part of the cell. Two flagella were unequal in length. The pellicular
striation of the cells, not visible in the light microscope, was easily seen in
SEM. The phylogenetic analyses based on the nuclear SSU (nSSU) and
chloroplast SSU (cpSSU) rRNA sequences revealed that Eutreptiella sp.
(KCTC AG60758) was nested within the genus Eutreptiella and closely
related to E. pomquetensis (AJ532398). The total fatty acid content of
important omega-3 fatty acids was 37.61±1.27%, of which alpha-Linolenic
acid (ALA), eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA)
was 4.07±2.01%, 19.29±0.63%, and 11.5±0.12%, respectively. This result
indicates that this new isolate could be a potential candidate in the field of
aquaculture.

Keywords: Marine algae, core microbiome, closely associated bacteria
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Salinimicrobium sp. HN-2-9-2 sp. nov., Isolated from
Seawater from Tongyeong, South Korea
Dariimaa Ganbat1, Ga Eul Jeong1, Bo Hyeon Park1, Joo Young Yang1,
Hae Rang Lee1, Dong-Woo Lee2, Seong-Bo Kim3, Yong-Jik Lee4,
Jung-Sook Lee5, and Sang-Jae Lee1*
1

Major in Food Biotechnology and Research Center for Extremophiles and
Marine Microbiology, Silla University, Busan 46958, Republic of Korea,
2
Department of Biotechnology, Yonsei University, Seoul 03722, Republic of
Korea, 3Bio-Living Engineering Major, Global Leaders College, Yonsei
University, Seoul 03722, Republic of Korea, 4Department of BioCosmetics, Seowon University, Chung-Ju 28674, Republic of Korea,
5
Korean Collection for Type Cultures, Korea Research Institute of
Bioscience and Biotechnology, Jeongeup 56212, Republic of Korea
A novel Gram-negative, non-motile, and moderately halophilic rod-shaped
bacterium HN-2-9-2 was isolated from seawater in Tongyeong, South
Korea. The strain was able to grow at concentrations of 0.5-7% (w/v) NaCl
(optimum 3% NaCl), at pH 5.5-8.5 (optimum pH 7.0-7.5) and in a
temperature range of 18-45℃ (optimum 37℃). On the basis of 16S rRNA
gene sequence analysis, strain HN-2-9-2 was closely related to Salinimicrobium
xinjiangense BH206T (98.22%), Salinimicrobium terrae YIM C338T
(97.70%), Salinimicrobium soli CAU 1287T (97.16%), Salinimicrobium
sediminis CGMCC 1.12641T (96.95%), Salinimicrobium gaetbulicola BBMy20T (96.54%), Salinimicrobium marinum KMM 6270T (96.12%),
Salinimicrobium flavum X7T (95.29%) and Salinimicrobium catena HY1T
(94.81%). The DNA G+C content of the strain was 43.01 mol%. Strain HN2-9-2 contained MK-6 as the predominant respiratory quinone and iso-C15:0
as a major fatty acid. Phosphatidylethanolamine was detected as a major
polar lipid. Based on the polyphasic data, strain HN-2-9-2 (=KCTC 82934)
presents a novel species of the genus Salinimicrobium, for which the name
Salinimicrobium sp. sp. nov. is proposed.
Keywords: Salinimicrobium, novel species, polyphasic taxonomy
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Two Novel Species Isolated from Hot Spring in Chungju,
South Korea: Microbacterium sp. EF45044 sp. nov. and
Brachybacterium sp. EF45031 sp. nov.

Characterization and Comparative Genome Analysis of
Novel Paenibacillus sp. Isolated from HoneyBee Gut
Eui-Sang Cho1, Chi Young Hwang1, Hyunjee Kim2,
Hyung Wook Kwon2,3, and Myung-Ji Seo1,4,5*

Dariimaa Ganbat1, Ga Eul Jeong1, Min Kyeong Kim1, Ji Yeong Park1,
Ji U Im1, Dong-Woo Lee2, Seong-Bo Kim3, Yong-Jik Lee4,
Jung-Sook Lee5, and Sang-Jae Lee1*
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Department of Bioengineering and Nano-Bioengineering, Incheon
National University, Incheon 22012, Republic of Korea, 2Department of
Life Sciences, Incheon National University, Incheon 22012, Republic of
Korea, 3Convergence Research Center for Insect Vectors, Incheon National
University, Incheon 22012, Republic of Korea, 4Division of Bioengineering,
Incheon National University, Incheon 22012, Republic of Korea, 5Research
Center for Bio Materials & Process Development, Incheon National
University, Incheon 22012, Republic of Korea

1

Major in Food Biotechnology and Research Center for Extremophiles and
Marine Microbiology, Silla University, Busan 46958, Republic of Korea,
2
Department of Biotechnology, Yonsei University, Seoul 03722, Republic of
Korea, 3Bio-Living Engineering Major, Global Leaders College, Yonsei
University, Seoul 03722, Republic of Korea, 4Department of BioCosmetics, Seowon University, Chung-Ju 28674, Republic of Korea,
5
Korean Collection for Type Cultures, Korea Research Institute of
Bioscience and Biotechnology, Jeongeup 56212, Republic of Korea

A Gram-positive, and endospore-forming strain, designated MBLB2552T,
was isolated from the gut of the honeybee (Apis mellifera) and identified as
a member of the genus Paenibacillus based on the sequences of the 16S
rRNA encoding gene. The genome size and G+C content of MBLB2552T
was 5.2 Mb and 52.4%, respectively. The most closely related species to
strain MBLB2552T were Paenibacllus timonensis 2301032T, Paenibacillus
barengoltzii NBRC 101215T, and Paenibacillus macerans IAM 12467T, with
similarity values of 98.1, 97.21 and 97.0%, respectively, based on 16S rRNA
gene sequences. The values of OrthoANI and isDDH between strain
MBLB2552T and the type strains of the closest species showed below the
species delineation threshold. Comparative genomic analysis showed that
most core POGs of strain MBLB2552T and other related taxa were related to
translation, ribosomal structure and biogenesis (J) and carbohydrate
metabolism in the COG category and KEGG pathway, respectively. The
largest proportion of unique POGs for the strain MBLB2552T were
categorized into transcription in the COG database. Based on the
comparative genomic analysis, we propose that MBLB2552T represent type
strain of the genus Paenibacillus and suggest the names Paenibacillus
mellifer sp. nov..

The taxonomic position of two isolates, EF45044 and EF45031, isolated
from Neungam hot spring, South Korea, was examined using the polyphasic
taxonomic approach. Strains, EF45044 and EF45031, showed the highest
similarities of 16S rRNA gene sequences and complete genome sequences
with Microbacterium ketosireducens DSM 1251T (98.20% of 16S rRNA gene
sequence similarity and 76.52% of average nucleotide identity, ANI) and
Brachybacterium nesterenkovii CIP 104813T (97.71% of 16S rRNA gene
sequence similarity and 77.00% of ANI), respectively. Both strains were
Gram-positive, aerobes, non-motile, non-spore forming rods. Phylogenetic
analysis showed that the strains EF45044 and EF45031 formed a wellseparated lineage from Microbacterium and Brachybacterium genera,
confirming that they represented a distinct genus. Both strains grew
optimally at 45℃ and pH 7.0 and in the presence of 3% (w/v) NaCl. Both
strains had C15:0 anteiso and C17:0 anteiso as a major cellular fatty acids.
Respiratory quinone MK-12 and MK-13 was detected in strain EF45044,
while MK-7 was detected in strain EF45031. Strains possessed
diphosphatidylglycerol, phosphatidylglycerol, and glycolipid as a major
polar lipids. The polyphasic taxonomic data indicate that the strains
represent novel species of the genus Microbacterium and Brachybacterium,
respectively. We propose the names Microbacterium sp. sp. nov. and
Brachybacterium sp. sp. nov. for strains EF45044 (=KCTC 49703) and
EF45031 (=KCTC 49702), respectively.

Keywords: Paenibacillus, firmicutes, polyphasic taxonomy
[This work was carried out with the support of “Cooperative Research
Program for Agriculture Science & Technology Development (Project No.
PJ01575502)” Rural Development Administration, Republic of Korea.]
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Characterization of Photobacterium sp. (TY 1-4),
a Potentially Microalgae Growth-Promoting Bacterium
Isolated from Marine Phycosphere and Comparative
Genomic Analyses of the Genus Photobacterium

Brevibacillus humidisoli sp. nov., Isolated from Riverside
Soil
JaeHa Lee and Seung Bum Kim*
Department of Microbiology and Molecular Biology, College of Bioscience
and Biotechnology, Chungnam National University, Daejeon 34134,
Republic of Korea

Yue Jiang and Zhun Li*
Biological Resource Center/Korean Collection for Type Cultures (KCTC),
Korea Research Institute of Bioscience and Biotechnology, Jeongeup
56212, Republic of Korea

This study aims to classify a new Brevibacillus species candidate designated
MMS20-4M-10-YT belonging to the genus Brevibacillus, which was isolated
from riverside soil using a polyphasic taxonomic approach. Phylogenetic
analysis based on 16S rRNA gene sequence comparisons revealed that the
strain showed the highest sequence similarities to Brevibacillus marinus
SCSIO 07484T (96.68%), Brevibacillus levickii LMG 22481T (95.90%),
Brevibacillus sediminis YIM 78300T (95.78%), Brevibacillus invocatus NCIMB
13772T (95.63%) and Brevibacillus borstelensis NRRL NRS-818T (95.46%).
Based on the orthologous average nucleotide identity (orthoANI), MMS204M-10-YT was again mostly related to Brevibacillus marinus SCSIO 07484T
with 77.96% identity. Strain MMS20-4M-10-YT showed morphological and
cultural properties consistent with members of the genus Brevibacillus. Cells
bore ellipsoidal bulging endospores located within oval terminal. Growth
occurred at 25-50℃ (optimum, 45℃), at pH 7.0-10.0 (optimum, pH 8.09.0), and in the presence of 0-6% (w/v) NaCl (optimum, 0%). Good growth
occurred on marine agar. The predominant menaquinone was MK-7.
The diagnostic polar lipids were phosphatidyl-N-methylethanolamine,
diphosphatidylglycerol, phosphatidylethanolamine and phosphatidylglycerol.
The major cellular fatty acids were anteiso-C15:0, iso-C15:0, iso-C16:0 and
iso-C17:0. MMS20-4M-10-YT exhibited plant growth promoting activity.
Based on both phenotypic and phylogenetic evidences, strain MMS20-4M10-YT should be classified as a novel species of Brevibacillus, for which the
name Brevibacillus humidisoli sp. nov. (type strain=KCTC 43333T=LMG
32359T) is proposed.

The regions surrounding living marine phytoplankton cells harbor unique
cross-kingdom associations with enormous ecological significance in
aquatic ecosystems as well as relevance for algal biotechnology industry.
Here, we report a novel bacterium, strain TY1-4, isolated from a
phytoplankton net sample collected on the south coast of Korea. The
optimum conditions for growth were at 25℃, at pH 7 and with 1.0% (w/v)
NaCl. Phylogenetic analysis based on the 16S rRNA gene sequence indicated
that strain TY1-4 was a member of the genus Photobacterium with high
similarity to Photobacterium galatheae DSM 100496T (97.56%),
Photobacterium ganghwense KCTC 12328T (96.61%), Photobacterium
halotolerans KCTC 52055T (96.61%) and Photobacterium phosphoreum
KCTC 12377T (95.32%). The predominant cellular fatty acids were C16:0,
summed feature 3 (C16:1 ω6c and/or C16:1 ω7c) and summed feature 8
(C18:1 ω7c and/or C18:1 ω6c), with Q-8 as the major of isoprenoid quinone.
The polar lipid profile consisted of diphosphatidylglycerol,
phosphatidylcholine, phospholipids, phosphatidylethanolamine. The whole
genome size of strain TY1-4 was 5.6 Mb with 53.8 mol% G+C content;
including 22 contigs and 4,984 protein-coding genes. Based on genome
sequencing, several biosynthetic gene clusters responsible for bacterial
biosynthesis of vitamin B, NRPS, gluconeogenesis and siderophore that may
involve in algae–bacterial interactions were identified. The digital DDH,
ANI and AAI values of strain TY1-4 to close related type strains were much
lower than the threshold for proposing novel bacterial species. Polyphasic
taxonomy results support that strain TY1-4 represents a novel species of the
genus Photobacterium. Comparative analysis of the 49 available genomes
from Photobacterium species revealed that only TY1-4 has nitrite reduction
ability.

Keywords: Brevibacillus, riverside soil, thermophilic
[This work was supported by a grant from the National Institute of Biological
Resources (NIBR), funded by the Ministry of Environment (MOE)]

Keywords: Phytoplankton, NRPS, genome
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Analysis of the Hanwoo (Korean cattle) Intestinal
Microbiome Using 16S rRNA Gene for Weight Changes

Taxonomic Analysis of Flavobacterium humidisoli
MMS21-Er5 sp. nov., Isolated from Riverside Soil

Jinok Kwak1, Jae Hyoung Cho1, Eun Sol Kim1, Gi Beom Keum1,
Hyunok Doo1, Sriniwas Pandey1, Sumin Ryu1, Ye Jin Choi1,
Seangjin Yun1, Hyeri Kim1, Jo Eun Kim2, Hyunjung Jung2,
Tai-Young Hur2, Jin Ho Cho3, Minho Song4, Ju-Hoon Lee5, and
Hyeun Bum Kim1*

Jun-Sik Ra1, Seung-Bum Kim1*, and Ji-Hye Han2

1

The genus Flavobacterium includes Gram-negative, strictly aerobic,
yellow-pigmented, non-spore-forming, motile and rod-shaped bacteria.
In this study, strain MMS21-Er5T was isolated from riverside soil and
subjected to taxonomic characterization. Strain MMS21-Er5T could
grow at 4–34℃ (optimum, 30℃) and pH 6–8 (optimum, pH 7), and in
the presence of 0–8% NaCl (optimum, 1%). Phylogenetic analysis based
on 16S rRNA gene sequences showed that strain MMS21- Er5T showed
the highest similarity of 97.83% with F. tyrosinilyticum THGDN8.8T,
then 97.63% with F. banpakuense 15F3T. The whole genome sequencing
of the strain MMS21-Er5T was carried out, and a single contig of 5.63
Mbp was obtained. The DNA G+C content was 34.06 mol%. The insilico DNA-DNA hybridization and average nucleotide identity values
was the highest with F. tyrosinilyticum KCTC 42726T (45.7%, based on
formula 2, and 91.92%). The major respiratory quinone for the strain
was menaquinone-6, the major cellular fatty acids were iso-C15:0, iso-C17:0
3-OH and the diagnostic polar lipids were phosphatidylethanolamine and
phosphatidyldiethanolamine. On the basis of data from this polyphasic
study, strain MMS21-Er5T evidently represents a novel species of
Flavobacterium, for which the name Flavobacterium humidisoli sp. nov. is
proposed (type strain=MMS21-Er5T=KCTC 92256T=LMG 32524T).

1

Department of Microbiology and Molecular Biology, College of
Bioscience and Biotechnology, Chungnam National University, Daejeon
34134, Republic of Korea, 2Microbial Research Department, Bacterial
Research Team, Gyeongsangbuk-do 37242, Republic of Korea

Department of Animal Resources Science, Dankook University, Cheonan,
Republic of Korea, 2National Institute of Animal Science, Rural
Development Administration, Cheonan, Republic of Korea,
3
Department of Food and Animal Science, Chungbuk National University,
Cheongju, Republic of Korea, 4Division of Animal and Dairy Science,
Chungnam National University, Daejeon, Republic of Korea,
5
Department of Food Animal Biotechnology, Department of Agricultural
Biotechnology, Center for Food and Bioconvergence, Seoul National
University, Seoul, Republic of Korea
Previous studies have indicated that various microorganisms live in the
gastrointestinal tract of animals. 16S rRNA gene analysis was done so as to
determine the difference between heavy and light weight group for the
investigation of microorganisms in the digestive tract of Hanwoo (Korean
cattle). A total of 66 Hanwoo were used for sample collection during this
experiment and collection of samples from them were done twice (22.04.15
and 22.05.17). Total DNA was extracted from feces of those cattles, and PCR
was done targeting the V5-V6 region of the 16S rRNA genes. Sequencing
was performed using the Illumina Miseq platform. The output data was
filtered and analyzed using (QIIME2). Statistical analysis was done using
STAMP. The result of alpha and beta diversity showed no significant
differences while comparing body weights between groups. Taxonomic
analysis confirmed similar patterns at the phylum, family, and genus levels.
But, in 4.15 sampling group, Ruminococcus, which produces short-chain
fatty acids with fibrin-degrading ability, was significantly higher in the heavy
weight group. Bifidobacteirum was higher in number in case of 5.17 group,
which suggests their higher tendency to produce short-chain fatty acids and
to disintegrate proteins and carbohydrates in feed.

Keywords: Flavobacterium sp. nov., riverside soil, in-silico DNA-DNA
hybridization
[This work was supported by a grant from the National Institute of Biological
Resources (NIBR), funded by the Ministry of Environment (MOE).]
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K-20
Analysis on the Mycelium Culture and Morphological
Characteristic of Naematoloma sublateritium
Choi Jong Woon
Forest Science Institute of Gangwon-do, Republic of Korea
This study showed to excellent the mycelium growing at Glucose in circular
the carbon which was suitable for the third, mycelium growing of a N.
sublateritium provisional results carbon circle regarding a nitrogen circle,
and cultures of a N. sublateritium looked at malt extract in case of organic
nitrogen circles. However, a kind circular carbon nitrogen used to a test is
restrictive, and provisional shall consist of various elements by a foundation.
This study looked in a phosphoric acid circle to affect the fourth, a mycelium
of a N. sublateritium to growth and development. Also, if this study added it
was investigated p-aminobenzoic acid in a vitamin circle so that mycelium
growing was comparatively very excellent.
Keywords: Mycelium, cultures, N. sublateritium
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Characteristics of Legionella species Isolated from Public
Facilities in Busan, 2013-2021

Screening of Flavobacterium dauae TCH3-2 Mutants to
Dissect Syntrophic Microbial Interaction for Plant Growth
Promotion

Su Jeong Hwang, Su Jin Shin, Kyeong A Kim, Yon Koung Park, and
Sang Kee Min

Hyojun Seo, Aryan Rahimi-Midani, Sang-Moo Lee, and Seon-Woo Lee*

Busan Metropolitan City Institute of Health and Environment, 120,
Hambakbong-ro 140 beon-gil, Buk-gu, Busan 46616, Republic of Korea

Department of Applied Bioscience, Dong-A University, Busan 49315,
Republic of Korea

Distribution analysis and pollution level survey of Legionella species in
public water systems is the best way to prepare a preemptive management
system that can respond quickly when a case occurs. However, basic
information on the analysis of Legionella species in domestic public water
systems is lacking. In this study, the distribution of Legionella species
isolated from public water systems according to facilities in Busan from
2013 to 2021 was analyzed. Culture and PCR method were performed on
13,323 environmental water system samples collected from the public water
system including buildings, hotels, shopping centers, hospitals, public baths
and welfare facilities. Of these samples, 11.1% tested positive for Legionella
pneumophila and 4.4% for non-L. pneumophila species (with co-detection).
The detection rate of Legionella species was followed by hotels (21.1%),
public baths (19.3%), ships (17.9%), buildings (13.6%), shopping centers
(9.2%), welfare facilities (8.5%), and others (7.3%). As that of seasonal
pattern, summer and autumn were slightly higher than spring and winter.
These results should be useful in preparing effective management to prevent
the Legionellosis.

Microbial interactions in the rhizosphere play a prominent role in the
assemblage of rhizosphere microbiota which is important for the plant
growth, disease protection, and adaption to abiotic stresses. Therefore,
dissection of microbial interactions is crucial to understand the microbiota
function in modulation of plant traits. Previously, we showed that
Flavobacterium dauae TCH3-2 promotes the growth of tomato plants by
interaction with native soil-mimicking synthetic community (SynCom). In
this study, we aimed to identify genes involved in syntrophic interaction of
TCH3-2 with the SynCom members by Tn5 mutagenesis of TCH3-2.
Because Ketobacter sp., Archangium sp. and Fluviicola sp. promoted the
growth of TCH3-2 among the SynCom members, TCH3-2 and Ketobacter
sp. were selected as model bacteria to study the microbial interactions. Softagar overlay technique was conducted to screen a large number of TCH3-2
mutants showing altered interaction with Ketobacter sp. We obtained 3,500
TCH3-2 transposon-inserted mutants and selected several TCH3-2 mutants
showing altered syntrophic traits with Ketobacter sp. compared to wild type
strain TCH3-2. Characterization of the selected mutants is ongoing to
identify the mutated genes.

Keywords: Legionella species, legionellosis, public water system

Keywords: Flavobacterium dauae TCH3-2, Ketobacter sp., syntrophic
interaction
[This research was supported by Basic Science Research Program through
the National Research Foundation of Korea funded by the Ministry of
Education (2020R1A6A1A03047729) and Green Fusion Technology
Program funded by Ministry of Environment, Republic of Korea.]
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Zeaxanthin Production of a Novel Marine Bacterium,
Fulvivirga sp. TSD2061 Isolated from Sediment
Seung Seob Bae, Grace Choi*, Yoon-Hee Jung, Kichul Cho,
Yong Min Kwon, Dawoon Chung, and Woon-Jong Yu
National Marine Biodiversity Institute of Korea, 101-75, Jangsan-ro,
Janghang-eup, Seocheon-gun Chungcheongnam-do 33662, Republic of
Korea
Zeaxanthin is a yellow-colored pigment of the xanthophyll class of
carotenoids. It is a commercially promising natural product due to its
beneficial health effects such as antioxidant activity, anticancer capability,
and immune modulation capability. Recently, zeaxanthin has received
increasing attention in preventing age-related macular degeneration and
cataracts. Here, we report a novel zeaxanthin-producing marine bacterium,
designated TSD2061 strain isolated from sediments sample collected at
Taean County, South Korea, and zeaxanthin production under the optimi
zation of culture conditions with the light stimulation. Phylogenetic analysis
based on the 16S rRNA gene sequences revealed that strain TSD2061
formed a monophyletic clade with the members of the genus Fulvivirga,
showing 95-95.8% sequence similarity to the type strains, indicating this
strain might represent a novel species in the genus Fulvivirga. The highest
level of zeaxanthin production was achieved at 1.17 mg L–1 (3.17 mg g–1)
when cultivated in marine broth supplemented with 2% NaCl at an initial
pH of 7.0 and 30℃ under light-stimulated conditions. This study indicated
that Fulvivirga sp.TSD2061 is a promising strain for zeaxanthin production,
which is further exploited for commercial application.
Keywords: Fulvivirga, marine bacterium, zeaxanthin
[Supported by a grant from MABIK in-house program (2022M00600)]
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Characterization of a Novel Accessory Phage Protein,
ORF53, Required for Lysis of Pectobacterium carotovorum
subsp. carotovorum

Polyphasic Taxonomic Analysis of New Species of
Rheinheimera Isolated from Cattle Shed in Soil

Hyeongsoon Kim1 and Sangryeol Ryu1,2*
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Euntak Oh1, Ji Hye Han2, and Seung Bum Kim1*
Department of Microbiology and Molecular Biology, College of
Bioscience and Biotechnology, Chungnam National University, Daejeon
34134, Republic of Korea, 2Microbial Research Department, Bacterial
Research Team, Gyeongsangbuk-do 37242, Republic of Korea
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Department of Food and Animal Biotechnology, Department of
Agricultural Biotechnology, and Research Institute of Agriculture and Life
Sciences, Seoul National University, Seoul 08826, Republic of Korea,
2
Center for Food and Bioconvergence, Seoul National University, Seoul
08826, Republic of Korea

A Gram-negative strain designated MMS21-TC3T was isolated from a soil
sample taken from cattle shed, and investigated using a polyphasic approach.
The 16S rRNA gene sequence analysis indicated that the strain belong to the
genus Rheinheimera of Proteobacteria, mostly related to R. salexigens
KH87T (98.48% sequence similarity), R. nanhaiensis E407-8T (96.03%), R.
pacifica KMM 1406T (95.99%) and R. muenzenbergensis E49T (95.83%).
MMS21-TC3T grew at 10-37℃ (optimum, 30℃), at pH 4.0-10.0 (optimum,
pH 7.0-9.0) and in the presence of 0-7 % (w/v) NaCl (optimum, 0-1.5%).
The predominant fatty acids of MMS21-TC3T were C16:0 and a summed
feature comprising 16:1 w6c and/or 16:1 w7c. MMS21-TC3T was able to
hydrolyze Tweens 20, 40 and 80, and DNase positive. The strain was able to
decompose remazol brilliant blue r (RBBR) and showed antifungal activity
against Panicillium albocoremium. The diagnostic polar lipids of the strain
consisted
of
diphosphatidylglycerol,
phosphatidylglycerol
and
phosphatidylethanolamine. On the basis of 16S rRNA genotypic, phenotypic
and chemotaxonomic data, the strain should be classified a novel species of
the genus Rheinheimera, for which the name Rheinheimera bovile sp. nov.
(type strain=MMS21-TC3T=LMG 32533T=KCTC 92179T) is proposed.

Most phages of Gram-negative bacteria employ multiple proteins to release
viral progeny from a host bacterial cell. Despite advances in bioinformatics
and structural analysis, about 70% of sequenced phage genes are annotated
as hypothetical proteins. The goal of this study is to explore the novel phage
lysis protein and to characterize its function for better understanding of
phage lysis process. Through the in silico analysis of hypothetical proteins of
POP72, we selected the orf53 gene encoding a 45-amino acid protein with
predicted two α-helices. Overexpressed ORF53 localized into the bacterial
membrane and caused rapid Pcc cell lysis probably by altering membrane
permeability and forming intracellular aggregates. Moreover, the coexpression of ORF53 and endolysin resulted in a drastic reduction in Pcc
population. Truncation of each α-helix at the N- or C-terminus of ORF53
led to the loss of antimicrobial activity. We constructed a mutant phage
lacking the orf53 gene to investigate the physiological role of ORF53 in the
POP72 replication cycle. The deletion of the orf53 gene caused a delay in cell
lysis and a reduction in burst size. Taken together, these results indicate that
ORF53 is a novel antimicrobial protein required for efficient release of
POP72 during host lysis.

Keywords: Polyphasic taxonomy, lignolytic decomposition, antifungal
activity

Keywords: Bacteriophage lysis, novel antimicrobial protein, Pectobacterium
carotovorum subsp. carotovorum

[This work was supported by a grant from the National Institute of Biological
Resources (NIBR), funded by the Ministry of Environment (MOE)]
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Taxonomic Analysis of Microcella humidisoli sp. nov.,
Isolated from Riverside Soil

Aggregatimonas sangjinii gen. nov., sp. nov., a Novel Silver
Nanoparticle Synthesizing Bacterium belonging to the
Family Flavobacteriaceae

Katya Michelle Molina Ayala and Seung Bum Kim*

Yong Min Kwon1, Dawoon Chung1, Jaejoon Jung2,
Jaoon Young Hwan Kim1, Kyung Woo Kim1, Seung Sub Bae1, and
Grace Choi1*

Department of Microbiology and Molecular Biology, Chungnam National
University, Daejeon 34134, Republic of Korea
A novel Gram-positive, rod shaped, aerobic actinobacterium designated
strain MMS21-STM10T was isolated from riverside soil. Colonies were
small, smooth, convex, glistening and with yellow pigment. The strain
showed an optimal growth after three days at a temperature of 30℃, pH 7 to
8 and with 0 to 1% (w/v) NaCl in marine or nutrient agar media. Strain
MMS21-STM10T was able to produce leucine arylamidase, napthol-AS-BIphosphohydrolase and α-mannosidase. Hydrolysis of esculin ferric citrate,
4-nitrophenyl-BD-galactopyranoside and starch were positive. The main
cellular fatty acids were anteiso-C15:0 and iso-C16:0. The diagnostic polar
lipids were diphosphatidylglycerol and phosphatidylglycerol, and three
unidentified phospholipids, an unidentified aminolipid and six unidentified
glycolipids were also present. The chemotaxonomic features were consistent
with those of the genus. The genome of strain MMS21-STM10T was 2.65 Mp
with a DNA G+C content of 68.09%, and contained genes involved in the
biosynthesis of alkylresorcinol, microansamycin, and carotenoids.
Phylogenetic analysis based on 16S rRNA gene sequences indicated that
strain MMS21-STM10T shared 98.34% sequence similarity with Microcella
putealis CV-2T, 98.06% with Microcella alkaliphila AC4rT and 98.03% with
Microcella frigidaquae CW1T, which were below the suggested cutoff for
species distinction. The phenotypic characteristics also differentiated the
strain from related species, and a name Microcella humidisoli sp. nov. is
proposed (type strain=MMS21-STM10T=KCTC 49773T=LMG 32522T).

1

National Marine Biodiversity Institute of Korea, Seocheon 33662,
Republic of Korea, 2Department of Life Science, Chung-Ang University,
Seoul 06974, Republic of Korea
Microbially synthesized nanoparticles has received increasing attentions
owing to the broad applications in biology and medicine. In this study, we
report a novel bacterium that biologically generates silver nanoparticles
(AgNPs). This bacterium, designated strain F202Z8T, was isolated from a
rusty iron plate found in the intertidal region of Taean, South Korea. The
morphological, biochemical and molecular characteristics predicted that
strain F202Z8T belongs to the family Flavobacteriaceae. Phylogenetic
analysis based on 16S rRNA gene sequence revealed that strain F202Z8T
forms a distinct lineage with closely related genera Maribacter, Pelagihabitans,
Pseudozobellia, Zobellia, Pricia, and Costertonia and showed the highest
similarity to Maribacter aestuarii GY20T (94.5%). The digital DNA–DNA
hybridization and average nucleotide identity values calculated from the
whole genome-sequence comparison between strain F202Z8T and other
members of the family Flavobacteriaceae were in the ranges of 12.7%–16.9%
and 70.3%–74.4%, respectively, suggesting that strain F202Z8T represented a
novel genus. The complete genome sequence of strain F202Z8T is 4,723,614
bp, with 43.26% G+C content. Based on the COG, GO, KEGG, NR, and
Swiss-Prot databases, the genomic analysis of F202Z8T revealed the presence
of 17 putative genes responsible for the synthesis of AgNPs. Our polyphasic
taxonomic results suggested that this strain represents a novel species of a
novel genus in the family Flavobacteriaceae, for which the name Aggregatimonas
sangjinii gen. nov., sp. nov. is proposed. The type strain of Aggregatimonas
sangjinii is F202Z8T (=KCCM 43411T=LMG 31494T). Overall, our data
provide fundamental information to potentially utilize this novel bacterium
for synthesis of nanoparticles.

Keywords: Microcella humidisoli, riverside soil, starch hydrolysis
[This work was supported by a grant from the Nakdonggang National
Institute of Biological Resources (NNIBR), funded by the Ministry of
Environment (MOE) and also by the Basic Science Research Program
through the National Research Foundation of Korea (NRF) funded by the
Ministry of Education (grant no. 2020R1F1A1076440).]

Keywords: Aggregatimonas sangjinii gen. nov., sp. nov., rusty iron plate,
silver nanoparticles
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Paenibacillus HWE-109 sp. nov. and Paenibacillus
T
MMS20-IR301 sp. nov., Two Nitrogen-Fixing Species
Isolated from Soil

Taxonomic Analysis of Novosphingobium fluminis sp.
nov., Isolated from Freshwater

Hye-Jin Kim and Seung Bum Kim*

1

Youju Ham1, Ji-Hye Han2, and Seung Bum Kim1*
Department of Microbiology and Molecular Biology, College of
Bioscience and Biotechnology, Chungnam National University, Daejeon
34134, Republic of Korea, 2Microbial Research Department, Bacterial
Research Team, Gyeongsangbuk-do 37242, Republic of Korea

Department of Microbiology and Molecular Biology, College of Bioscience
and Biotechnology, Chungnam National University, Daejeon 34134,
Republic of Korea

A Gram-negative, non-motile, rod-shaped strain designated MMS21SN21RT was isolated from freshwater. Based on the 16S rRNA gene sequencing
analysis, strain MMS21-SN21RT was mostly related with Novosphingobium
taihuense T3-B9T (98.06%) belonging to the class Alphaproteobacteria. The
colonies of the strain were yellow, circular and sticky. The optimal growth
medium for the strain was R2A. The range of the growth temperature was
4-37℃ (optimum, 30℃). MMS21-SN21RT could grow only at pH 7 and in
the absence of NaCl. Strain MMS21-SN21RT was positive for nitrate
reduction, arginine dihydrolase, urease, esculin hydrolysis, beta-galactosidase,
alkaline phosphatase, esterase, esterase lipase, leucine arylamidase, valine
arylamidase, acid phosphatase, naphthol-AS-BI-phosphohydrolase and
alpha-glucosidase activities, and also for hydrolysis of Tweens 20 and 40.
The combination of phenotypic properties could differentiate the strain
from related species. The individual cell size was about 1 µm long and 0.4
µm wide. The whole genome analysis indicated that the total length of the
genome was 7.46 Mbp and the G+C content was 61.26%. There were 4007
predicted genes, including 3939 CDSs, 9 rRNAs, 58 tRNAs and one tmRNA.
Based on the comparative genome analysis, the strain was mostly related to
Novosphingobium hassiacum W-51T with the digital DNA-DNA relatedness
value of 23.5%. It is evident from the taxonomic characterization that
MMS21-SN21RT could be recognized as a new species, for which the name
Novosphingobium fluminis sp. nov. (type strain=MMS21-SN21RT=KCTC
92178T=LMG 32528T) is proposed

Two Gram-stain-positive, aerobic, motile, rod-shaped, endospore-forming
bacteria, designated strain HWE-109T and strain MMS20-IR301T, were
isolated from plant root and riverside soil, respectively. Through 16S rRNA
gene sequence analysis, both strains were assigned to the genus Paenibacillus.
Strain HWE-109T was mostly related to Paenibacillus marchantiophytorum
R55T with the sequence similarity of 98.25%, and strain MMS20-IR301T to
Paenibacillus tritici RTAE3T with the similarity of 98.55%, which were
clearly below the suggested cutoff for species distinction. The orthoANI
values indicated that HWE-109T was mostly related to Paenibacillus
marchantiophytorum R55T (95.45.%), and MMS20-IR301T was to
Paenibacillus tritici RTAE36T (81.33%). (The TYPE values indicated that
HWE-109T was mostly related to Paenibacillus marchantiophytorum R55T
(63.7%), and MMS20-IR301T was to Paenibacillus borealis DSM13188T
(81.33%) Strain HWE-109T grew at 10-37℃(optimum, 30℃), 0-2% NaCl
(optimum, 0%) and pH 5-10 (optimum, pH 7), and MMS20-IR301T grew
at 10-37℃(optimum, 30℃), 0-1% NaCl (optimum, 0%) and pH 5-10
(optimum, pH 7). The major fatty acids of HWE-109T were anteiso C15:0,
iso-C16:0, iso-C15:0 and those of MMS20-IR301T were anteiso-C15:0,
iso-C16:0, iso-C14:0, and C16:0. The major quinone of both strains was
menaquinone 7 (MK-7), and the diagnostic polar lipids were
diphosphatidyl glycerol (DPG), phosphatidylethanolamine (PE) and
phosphatidylglycerol (PG). Amylase activities and nitrogen fixing ability
were positive for both strains. The DNA G+C contents of strain HWE-109T
and MMS20-IR301T were 46.21 mol% and 51.89 mol% respectively. Based
on phylogenetic and phenotypic evidences, each strain should be recognized
as a novel species of Paenibacillus, for which the names Paenibacillus
marchantiophytorum sp. nov. (type strain= of HWE-109T=LMG 32358T)
and Paenibacillus tritici sp. nov. (type strain MMS20-IR301T= LMG 32474T)
are proposed.

Keywords: Novosphingobium, alphaproteobacteria, enzymatic activities
[This work was supported by a grant from the Nakdonggang National
Institute of Biological Resources (NNIBR), funded by the Ministry of
Environment (MOE)]

Keywords: Nitrogen-fixing species, endospore-forming bacteria, Paenibacillus
[This work was supported by a grant from the National Institute of Biological
Resources (NIBR), funded by the Ministry of Environment (MOE)]
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Halamphora minima sp. nov. and H. prominens sp. nov.,
New Brackish Diatom Species (Catenulaceae,
Bacillariophyceae) from the Mudflat in Hampyeong Bay,
Korea

Screening of Polyethylene Bio-Degrading Microorganisms
from Various Soil
Young-Joon Ko, Jeong-Seon Kim, Da-Hye Kim, Jegadeesh Raman, and
Soo-Jin Kim*

Sung Min An1, Jihoon Kim2, Nam Seon Kang1, Kichul Cho1,
Jung A Lee1, and Eun Song Kim1

Agricultural Microbiology Division, National Institute of Agricultural
Sciences, Rural Development Administration, Wanju-gun, Jeollabuk-do
55365, Republic of Korea

1

Department of Microbial Resources, National Marine Biodiversity
Institute of Korea, Seocheon-gun 33662, Republic of Korea,
2
Department of Biodiversity, National Marine Biodiversity Institute of
Korea, Seocheon-gun 33662, Republic of Korea

Accumulating and recycling of waste plastic and polyethylene in the
environment became a serious global issue, which is negatively affecting all
living beings and ecological environment. Polyethylene (PE), which is one of
the plastic type, is used various area such as industry, agriculture, biomedical.
This material is highly recalcitrant hence it is very difficult to degrade in
nature. Searching polyethylene-degradable microbes has been studied
recently. However, no microorganisms that can completely decompose PE
has been found so far. In this study, we tried to find PE bio-degrading
microorganisms from various soil environment, which is waste treatment
plants, farmlands, and gas station. We isolated and identified the candidate
of PE-degrading microorganisms. Additionally, we investigated biodegra
dation of PE by measuring changes in various chemical characteristics using
Fourier transform infrared spectroscopy (FTIR).

The diversity of benthic diatoms living in the tidal flats is thought to be very
high but has been somewhat marginalized from our main concern. Genus
Amphora, Navicula, and Nitzschia are known worldwide as major species in
tidal flats. The genus Halamphora was recently elevated to a separate genus
in the subgenus of Amphora, and the discovery of new species in this genus
has continued. We propose two new species of genus Halamphora (Cleve)
Levkov isolated as monoclonal cultures from a tidal mudflat based on
microscopic observation and molecular analysis. Halamphora minima is
the smallest known species of the genus Halamphora to date, and H.
prominens is characterized by siliceous bumps on the margin of the raphe
ledge. Phylogenetic analyses of the chloroplast ribulose bisphosphate
carboxylase large chain (rbcL) gene showed that the phylogenetic position of
Halamphora minima was not clear. H. prominens is closely related to H.
montana but the morphological differences between the two species are
clear.

Keywords: Polyethylene, bio-degradation, microorganisms
[This study is supported by National Institute of Agricultural Sciences, Rural
Development Administration, Republic of Korea. (PJ01492603)]

Keywords: Halamphora, new species, diatom
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Analysis of Microbiota in Pharynx and Gut of Sea Urchin
(Strongylocentrotus nudus) Obtained from the Coast with
Whitening Event in Korea

K-33
Parabacteroides faecalis sp. nov., Isolated from Swine
Feces

Joon-Young Park, Jae-Won Jo, Yu-Jeong An, Jung-Hwa Choi,
Jin-Jae Lee, and Bong-Soo Kim*

Jeong Eun Bak, Byeong Seob Oh, Seoung Woo Ryu, Seung Yeob Yu,
Won Jung Choi, and Ju Huck Lee*

Department of Life Science, Multidisciplinary Genome Institute, Hallym
University, Chuncheon, Gangwon-do 24252, Republic of Korea

Korean Collection for Type Cultures, Biological Resource Center, Korea
Research Institute of Bioscience and Biotechnology, Jeongeup 56212,
Republic of Korea

The algae-predator is one of factor in whitening event of the coast. This
study analyzed the microbiota in pharynx and gut of sea urchin, which is a
major algae-predator, in the region of whitening proliferating coast. Sea
urchins (Strongylocentrotus nudus) were obtained from 3 mild whitening
sites (n=18) and 5 severe whitening sites (n=31). Microbiota in pharynx and
gut of sea urchin (n=98) and their habitats (sand and seawater) were ana
lyzed by using Illumina MiSeq. The composition of microbiota and diversity
were significantly different between pharynx and gut tissues (p< 0.05). The
microbiota in sea urchins was different according to sampling sites in both
pharynx and gut tissues, and this was related to seawater temperature. The
diversity in pharynx was positively correlated with seawater temperature
(p<0.01), whereas the diversity in gut was negatively correlated. Although
co-existing bacteria were detected between sea urchin and their habitats, the
microbiota in sea urchin was significantly different to the microbiota in
their habitat (p<0.001). This indicated that the microbiota in sea urchin was
host-specific colonizers and this could be related to algae predating of sea
urchin. In conclusion, the microbiota in sea urchin was unique compared to
the microbiota in their habitats, and the colonized microbes differently
dominated by seawater temperatures.

A Gram-negative, obligately anaerobic, non-motile, and non-spore-forming
rod-shaped bacterial strain designated AGMB00274T was isolated from
swine feces. The 16S rRNA gene analysis indicated that strain AGMB00274T
was highly close to the members of the genus Parabacteroides, especially
with Parabacteroides johnsonii DSM 18315T (sequence similarity of 94.9%).
The dominant cellular fatty acids (>10%) of strain AGMB00274T were
anteiso-C15:0 (23.2%), iso-C15:0 (16.6%), C18:1 ω9c (16.4%), summed feature 11
(12.5%), and C16:0 (11.3%). The genome size of strain AGMB00274T was
4,308,683 bp with DNA G+C content of 42.5%. From the biochemical
analysis of strain AGMB00274T, it was positive for gelatin hydrolysis, αfucosidase; and was negative for D-glucose, D-mannitol, D-maltose, salicin,
glycerol, D-cellobiose, D-mannose, D-melezitose, D-sorbitol, D-trehalose,
α-arabinosidase, glutamic acid decarboxylase, and pyroglutamic acid
arylamidase. Based on the phylogenetic, chemotaxonomical, genetic, and
physiological analysis, as a novel species of the genus Parabacteroides, strain
AGMB00274T is proposed with the name Parabacteroides faecalis sp. nov.
The type strain is AGMB00274T (=KCTC 25286T=GDMCC 1.2742T).

Keywords: Sea urchin, whitening events, microbiota

Keywords: Parabacteroides faecalis sp. nov., swine feces, taxonomy

[This research was a part of the project titled ‘Development of MarineBiotics
via study of microbiome on marine organisms (20210469)’, funded by the
Ministry of Oceans and Fisheries, Korea]
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Comparative Microbial Communities between Kimchi and
Mukeunji Collected from the Southern Regions of Korea

Sphingobacterium sunchangense sp. nov., Isolated from
Rice Paddy Soil

Gwangsu Ha, Soo-Young Lee, Yunjeong Noh, Ho-Jin Jeong,
Se-Won Park, Hee-Jong Yang, and Do-Youn Jeong*

Ho Jin Jeong, Hee Gun Yang, Jin-Won Kim, Su-Ji Jeong,
Myeong Seon Ryu, Ji Won Seo, Hee-Jong Yang, and Do-Youn Jeong*

Microbial Institute for Fermentation Industry (MIFI), Sunchang 56048,
Republic of Korea

Microbial Institute for Fermentation Industry (MIFI), Sunchang 56048,
Republic of Korea

In order to identify of the microbial communities of Korean traditional
fermented foods, Kimchi and Mukeunji, and to compare the microbial
communities between Kimchi and Mukeunji, we performed microbial
communities analysis using next generation sequencing (NGS). For analysis,
30 samples of Kimchi and Mukeunji were randomly collected from the
southern regions (Gwangju·Jeolla, Busan·Gyeongsang, and Jeju) of Korea.
According to the taxonomic results, the overall microbial composition
between groups of Kimchi and Mukeunji was compared. In both groups,
Firmicutes, Bacilli, and Lactobacillales were the most dominant microbiota
at the phylum, class, and order level, respectively. However, the microbial
composition showed a difference from the family level. The most dominant
family in Kimchi was Leuconostocaceae (83.74%), and the most dominant
family in Mukeunji was Lactobacillaceae (80.87%). On the other hand, the
most dominant genus in Kimchi was Weissella (60.62%), and the most
dominant genus in Mukeunji was Pediococcus (57.61%). Also, Weissella
kandleri and Pediococcus inopinatus were dominant species in Kimchi
(58.97%) and Mukeunji (56.90%), respectively. Principal coordinate analysis
(PCoA) based on the UniFrac dissimilarity metric was performed to
compare the microbial composition between Kimchi and Mukeunji samples.
As a result, it was confirmed that the clusters of the Kimchi and Mukeunji
samples were clearly separated at the genus and species level. Therefore, we
confirmed that there was a significant difference in the microbial
composition between Kimchi and Mukeunji. As microbiological research
data on fermented foods are still limited, this study will be useful for the
future microbiological studies of fermented foods.

A Gram-stain-negative, creamy-pink-pigmented bacteria, oval- to rodshaped, designated strains SRCM116780T was isolated from rice paddy soil
samples. Phylogenetic tree based on 16S rRNA gene sequences showed that
the strain SRCM116780T formed an independent lineage within the genus
Sphingobacterium. Strain SRCM116780T was related distantly to
Sphingobacterium kitahiroshimense 10CT (96.29%, 16S rRNA gene sequence
similarity), S. faecium IFO15299T (96.16%) and S. anhuiense CW186T
(96.23%). The major fatty acids of strain SRCM16780T were C16:1 ω6c,
iso-C17:0 3-OH and iso-C15:0. The only isoprenoid quinone of the isolate was
menaquinone-7. The major polar lipids were phosphatidylethanolamine, an
unidentified aminophospholipid, an unidentified glycolipid, an unidentified
phospholipid and an unidentified lipid. The DNA G+C content of strain
SRCM116780T was 35.5 mol%. Whole-genome sequence analyses based on
the average nucleotide identity (ANI<79.2%), digital DNA-DNA
hybridization (dDDH<22.7%) and average amino acid identity (AAI>79.3%)
with currently known Sphingobacterium species confirmed that strain
SRCM116780T constituted a novel species within the genus
Sphingobacterium. On the basis of the evidences presented in this study,
novel species, Sphingobacterium sunchangense sp. nov., is proposed for
strain SRCM116780T.
Keywords: Sphingobacterium, new species, whole genome sequencing
(WGS), the overall genome related index (OGRI)
[This work was supported by a grant from the Establishment of Integrated
Biobank for Agriculture, Food and Livestock Microbiome Project funded by
the Ministry of Agriculture, Food and Rural Affairs (MAFRA)]

Keywords: Kimchi, mukeunji, next generation sequencing
[This work was supported by a grant from the Establishment of Integrated
Biobank for Agriculture, Food and Livestock Microbiome Project funded by
the Ministry of Agriculture, Food and Rural Affairs (MAFRA)]
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Four Zygomycetes Strains Isolated from Rhizosphere of
Ginkgo biloba

Analysis of the Effects of Non-Thermal Atmospheric
Pressure Plasma on Soil Microorganisms

Ho Jin Jeong, Se Won Park, Hee-Jong Yang, Jin Won Kim, and
Do-Youn Jeong*

Wirinthip Ketya1, Eun-Ha Choi1,2, and Gyungsoon Park1,2*
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Center, Kwangwoon University, Seoul, Republic of Korea, 2Department of
Electrical and Biological Physics, Kwangwoon University, Seoul, Republic
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Republic of Korea
Four fungal isolates designated as S126-7, S126-9, S126-5 and S126-6 were
discovered during a survey of fungal diversity of the order Mucorales and
Mortierellales from Ginkgo biloba tree rhizosphere soil samples in Sunchang,
Korea. Strains S126-7 and S126-9 were analyzed morphologically and
phylogenetically based on the internal transcribed spacer (ITS) and large
subunit (LSU) of ribosomal DNA gene sequences. On the other hand,
strains S126-5 and S126-6 were analyzed based on partial nuclear ribosomal
small subunit (SSU) sequences. Based on their morphology and phylogeny,
S126-7 and S126-9 were identified as Mortierella spp., and other isolates
S126-5 and S126-6 were identified as Mucor circinelloides. The zygomycetes
are relatively small group in the kingdom of fungi and belong to the phylum
zygomycota. The Zygomycota are terrestrial fungi with a well-developed,
coenocytic, haploid mycelium. The thallus is haploid, and chitin and
chitosan are significant constituents of the hyphal cell wall. Mucorales are
characterized by a usually abundant, rapidly growing mycelium as well as
anamorph structures usually formed in large quantities. And, members of
the Mortierellales possess an extremely high ecological and physiological
diversity enabling them to be distributed worldwide. To the best of our
knowledge, especially, Mortierella belonging to an undiscovered taxon, have
not been previously described many in Korea.

Soil microorganisms are causing serious crop diseases and food poisoning
to animals and humans as well as playing an important role in nutrient
cycling. Controlling soil microorganisms is important to keep the health of
plants, animals, and humans. In this study, we evaluated the potential of
non-thermal atmospheric plasma in controlling harmful soil microorganisms
(Escherichia coli, Pectobertrium carotovorum, Listeria innocua, Fusarium
oxysporum). Plasma gas generated from cylinder-type DBD plasma device
significantly reduced the viability of microorganisms in suspension or
vermiculite after 2 min treatment. In vermiculite, longer treatment time was
needed to eradicate F. oxysporum (fungus), compared to bacteria. When
microorganisms were incubated in vermiculite up to 48 h and then treated
with plasma, plasma inactivation efficiency was not significantly changed.
We found that pH in vermiculite was not significantly changed after plasma
treatment. Levels of NOx and NO3– in vermiculite were increased after
plasma treatment with treatment time dependent manner. Further
investigation is going on the analysis of plasma effect on natural soil.
Keywords: Soil microorganism, non-thermal plasma

Keywords: Zygomycetes, Mortierella, Mucor
[This work was supported by a grant from the Establishment of Integrated
Biobank for Agriculture, Food and Livestock Microbiome Project funded by
the Ministry of Agriculture, Food and Rural Affairs (MAFRA)]
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A Novel Microbacterium oxydans JPS-T1 Strain Capable
of Growing Using Carbon Monoxide as a Sole Carbon
Source

Compliance with the International ABS regulations for
Import and Export of Microorganisms

IL Lae Jung1,2

ABS Research Support Center, Korea Research Institute of Bioscience and
Biotechnology

Young-Hyo Chang, Seon Lee, and Minho An

1

Department of Radiation Biology, Environmental Radiation Research
Group, Korea Atomic Energy Research Institute, Republic of Korea,
2
Department of Radiation Science, Korea Atomic Energy Research Institute
Campus, University of Science and Technology, Republic of Korea

After its accession to the Nagoya Protocol on Access & Benefit-Sharing
(ABS) in 2017, the Republic of Korea has enforced the Act on Genetic
Resources. Microbiologists also need to pay particular attention to relevant
procedures. Researchers are usually required to deposit novel microbes
isolated from samples in at least two culture collections for publication of
their research. Well-known collections such as DSMZ require the submission
of a certificate of compliance with the Protocol. In the case of use of foreign
microorganisms, researchers may submit a copy of Prior Informed Consent
(PIC) issued by the providing country. Researchers who intend to conduct
their research on foreign microorganisms in Korea, they have to comply
with the ABS procedures of the providing country and report to the Ministry
of Science and ICT (MSIT) that they have complied with the procedures. On
the other hand, when using domestic microorganisms, it shall be reported to
the MSIT, which will be followed by issuance of “Declaration Certificate for
Access to Domestic Genetic Resources.” A copy of the certificate above may
be submitted to culture collections at the time of deposit. Any researchers
conducting their study on domestic microorganisms can easily report the
access via ‘System to Report Access to Genetic Resources, MSIT’. (www.abs.
re.kr/absch)

Carbon monoxide (CO) is a colorless, odorless, and toxic gas that occurs
when the carbon component in the fuel burns incompletely when oxygen is
insufficient or the combustion temperature is low. The main source of
carbon monoxide is automobiles, and fuel combustion in industrial
processes and non-transportation sectors, and even in the case of large
wildfires, a large amount of carbon monoxide is generated due to the lack of
oxygen around it. There are also indoor emission sources such as kitchens,
cigarette smoke and district heating. Looking at the effects of carbon
monoxide on the human body, it binds with hemoglobin (Hb) in the blood
that supplies oxygen to the all body parts and degenerates hemoglobin into
carboxyl-hemoglobin (CO-Hb), thereby lowering the oxygen transport
function of blood to human organs and tissues such as the heart and brain.
CO has a detrimental effect on health. The health effects of low
concentrations of carbon monoxide are most severe for people with heart
disease, and can cause chest pain and reduced exercise capacity. Therefore, it
is very important to decompose carbon monoxide, a representative
environmental harmful gas. Among the methods for removing carbon
monoxide, a biological approach has been carried out by isolating a strain
that uses carbon monoxide as the only carbon source in nature. In this study,
a new strain capable of removing carbon monoxide was obtained and a
method was devised to directly lower the concentration of carbon monoxide
in the environment using the strain. The new carbon monoxide removal
strain isolated in this study is expected to be used as a useful tool for
improving indoor air quality in the future.

Keywords: ABS, Nagoya Protocol, Prior Informed Consent (PIC)

Keywords: Carbon monoxide, environmental harmful gas, Microbacterium
oxydans JPS-T1
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Inhibitory Compounds in Extracellular Vesicles Derived
from Pediococcus sp.

Production of Polyhydroxybutyrate by Engineered
Saccharomyces cerevisiae
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Polyhydroxybutyrate (PHB) is one of the polyhydroxyalkanoate, which is a
biodegradable plastic. PHB is synthesized by three enzymatic reactions with
acetyl-CoA as a substrate. One of the industrial microorganisms, yeast
Saccharomyces cerevisiae, can produce PHB by introducing the PHB
biosynthetic pathway. In this study, in order to produce PHB, we
overexpressed acetyl-CoA acetyltransferase (ERG10) in S. cerevisiae and
introduced Clostridium acetobutylicum acetoacetyl-CoA reductase (hbd),
Ralstonia eutropha H16 polyhydroxyalkanoate synthase (phaC). In addition
to improve acetyl-CoA pool, we overexpressed acetyl-CoA synthase gene
(encoded by ACS1). As a result, the engineered strain can produce PHB and
PHB productivity was improved by addition of acetate. In this study, we
suggest the possibility of reducing industrial waste by producing PHB from
engineered S. cerevisiae.

Extracellular vesicles (EVs) are a cell-derived lipid bilayer nanoparticles.
EVs play an important role in cell-to-cell communication by carrying
proteins, nucleic acids, and metabolites. Many studies have been conducted
on microbial EVs, mainly gram-negative bacteria not positive bacteria.
Recently, gram-positive bacteria-derived EVs have been actively studied as
the production of EVs was verified. However, details on the molecular
characterization remains elusive, particularly for metabolite. In our current
experiment, the EVs derived from Kimchi-derived Pediococcus sp. were
comprehensively characterized based on untargeted metabolite profiling
following the optimization of isolation (PEG-based precipitation) and
extraction methods. The integrative profiling resulted in a total of 362
metabolites, including the amino acids, fatty acids, nucleic acids, and
flavonoids. Among them, NAD, genistein, and daidzein showed the highly
enriched levels. Of particular interest, we discovered metabolites that has
been reported for inhibitory effect on monoamine oxygenase B (MAOB), a
major target for Parkinson’s disease. Our current study suggests that EVs
may be applied to the potential therapeutics.

Keywords: Yeast, biodegradable plastic, cellulosic biomass
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Transcriptional Responses Associated with Microbial
Rhodopsins in Marine Flavobacterium
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The microorganism rhodopsin is widespread in marine bacteria and is
known to play a role in the biogeochemical cycle. Rhodopsin uses light
energy with a simple mechanism and pumps ions to survive in extreme
environments or to generate energy sources. The Nonlabens dokdonensis
DSW-6 strain from the Bacteroidetes phylum, which accounts for a
significant portion of marine bacterioplankton, has two ion-pumping
rhodopsins. Proton-pumping rhodopsin, proteorhodopsin (PR), has been
studied to stimulate ATP synthesis by forming a proton gradient. Another
rhodopsin is sodium-pumping rhodopsin (NaR), which moves sodium ions
outward, but the activity of this protein and the bacterial correlation have
not been elucidated. Infer the physiological function and related metabolic
network of sodium and proton pumping rhodopsin contained in N.
dokdonensis DSW-6. By generating rhodopsin knock-out mutants (ΔNaR,
ΔPR, ΔNaR/PR), we investigated the expression levels of rhodopsins and
other genes through RNA sequencing when surviving in a nutrient
limitation and salinity stress in the light environment. Comparing
transcriptomes between the wild-type DSW-6 and rhodopsin knock-out
mutants, significant changes in gene expression levels of ribosomal proteins,
ATPases, and ATP synthases were observed. Especially, the ΔNaR mutant
showed significantly decreased transcriptional expressions in several KEGG
metabolic pathways including the pentose phosphate, the entner-doudoroff,
and propanoate metabolism. Through analysis of the rhodopsin mutationrelated metabolic network, a more accurate relationship between rhodopsin
and bacteria can be inferred, which helps to understand the physiological
function of bacteria for survival in oligotrophic marine environments.
Keywords: Rhodopsin, transcriptome, flavobacteria
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Structural and Functional Analyses of Trx-Fold Proteins in
Deinococcus radiodurans

Verifications of a Non-Coding rRNA Mutation Cassette as
a Growth-Accelerating Factor
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Maintaining a proper redox state in the extracellular or intracellular
environment is critical for a variety of cellular processes. One of the main
protein systems that regulate the thiol/disulfide redox balance in the
cytoplasm are the NADPH-dependent thioredoxin (Trx) system, composed
of thioredoxin reductase (TrxR)/Trx/NADPH. Trx is a small protein of
approximately 12 kDa with a highly conserved CXXC motif in its active site,
which reduces disulfide bonds in a wide range of proteins. The Trx system is
important for cellular defense against oxidative stress because the oxidative
stress promotes disulfide bond formation in redox-sensitive proteins,
thereby functionally modulating these proteins. Deinococcus radiodurans is
extremely resistant to ionizing radiation (IR), UV, desiccation, and oxidizing
agents. Cellular exposure to IR increases various reactive oxygen species
(ROS) and subsequently causes oxidative damage to DNA, lipids, and
proteins. D. radiodurans has evolved strategies to reduce endogenous ROS
production, such as lowering the number of respiratory chain enzymes,
importing peptides and amino acids from the environment, and inducing
the glyoxylate bypass of the tricarboxylic acid cycle following IR. In this
study, we investigate the structures and biochemical functions of three Trxfold containing proteins (Trx2, NrdH, DsbA in D. radiodurans to unveil the
relationship between these proteins and the oxidative stress resistance of D.
radiodurans.

Chemostat is a culture operation which fresh medium is continuously
added, while culture liquid is removed at the same rate to keep the culture
volume constant. A growth-accelerating natural mutant successor would be
dominant while a growth-decelerating mutant successor would be
diminished in chemostat bioreactor. To demonstrate a growth ratedependent selection tool, a non-coding rRNA mutation cassette (3Kb;
ribosomal internal transcriptional spacer for growth accelerating; ITSaccel)
that was found in the genome of a rapid growing-Corynebacterium
glutamicum strain was sub-cloned in an expression plasmid and then
transformed into the normal speed growing-parental (PT) strain. The
growth of the PT strain expressing ITS mutation cassette (ITSaccel) was
accelerated by shortening lag more than 2 h. Total protein synthesis of the
PT(ITSaccel) was 107.31% of control in an IPTG dosage-dependent manner.
A profile of strain ratio [PT(ITSaccel) : PT(ITSWT)] in a chemostat operation
is further discussed as well as the chemostat enrichment strategy.
Keywords: Corynebacterium glutamicum, chemostat, internal transcribed
spacer

Keywords: Redox, Deinococcus sp., Trx
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Identification of DNA Damage Resistance Related Genes
in Deinococcus radiodurans Using Mitomycin C Adaptive
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ZVI (Zero-Valent Iron) can provide an additional reducing equivalent for
1,3-PDO synthesis from glycerol as an electron donor. The oxidation of ZVI
increases reducing power and simultaneously activates the reductive
pathway, hence cause metabolic shift and change of metabolite productions.
This study investigated the feasibility of PDO production and gene
expression by electron donation of ZVI. It was confirmed that the NADH
ratio was shifted to 0.6 (with ZVI) from 0.3 (control, i.e. without ZVI). The
qPCR analysis indicates that glycerol dehydratase (DhaB) activity of K.
pneumoniae increases with ZVI as compared to the control without ZVI.
The glycerol reductive pathway was activated by reductive potential due to
addition of ZVI. On the other hand, it is supposed that iron species (ferric
and ferrous ions) also acts as the catalytic for bioconversion as well as cell
respiration. The more oxidized ferric species (Fe3+) showed the lowest PDO
productivity similar to the control. The analyses of XRD, FT-IR, and SEM
were carried out for bioconversion with ZVI. This result implicates that
PDO productivity can be increased by electrode-based electron transfer in a
bioelectrochemical system. These results suggest that extracellular metallic
electron donor like ZVI influences intracellular metabolic shift as well as
biotransformation of substrates.

All organisms have developed a complex network of DNA repair that
evolved to cope with many damages. Even though there are many forms of
DNA repair, it is not easy to find a new repair related genes. Deinococcus
radiodurans is a representative radiation-resistant bacterium and also
known to harbor various unknown repair systems. The aim of this study was
screening new genes related to DNA damage response by using MitomycinC
(MMC) as a damage inducer. For a fast screening, Radiation-induced
adaptive evolution method was used with an exposure to high concentration
of 99.9% in a lethal rate for 72 h. Through the three stage of screening, four
mutants representing more than 100 times survival rate were selected. The
seven point mutations were observed using the SNP analysis based on
genome sequencing. To confirm the effect of the gene on DNA damage
response, knock-out mutants were constructed and their survival rate
was measured with different MMC concentrations. Finally, a TetR family
transcriptional regulator deletion mutant exhibited increasing the resistance
ability toward MMC.

Keywords: Klebsiella pneumonia L17, zero-valent iron, metabolism

Keywords: Deinococcus, radiation mutation, DNA-damage related gene
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Elucidation of Peptidoglycan Carboxypeptidase-Mediated
Antibiotic Resistance Mechanisms

Characterization of Zhongshania sp. nov., Isolated from
Marine in the Republic of Korea
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A white bacterium was isolated from the seawater of the Wando, Republic of
Korea. Gram-stain-negative, aerobic bacterium, catalase-positive, oxidasepositive, rod-shaped bacterium, designated BJYM1T. Strain BJYM1T was
grown at 10-37℃ (optimum, 25-30℃), at pH 5.0-7.0 (optimum at 6.5), and
in the presence of 0-10% (w/v) NaCl (optimum, 0-2%). Phylogenetic
analysis based on 16S rRNA gene sequence showed closely related to
Zhongshania antarctica ZS5-23T (KACC 14066T, 97.94%), Zhongshania
borealis CL-AS9T (KCCM 90094T, 97.75%), Zhongshania marina DSW2510T (KCCM 43273T, 97.59%), and Zhongshania guokunii ZS6-22T (KACC
14532T, 97.46%). The major fatty acids (>10%) of strain BJYM1T were C16:0,
Summed feature 3 (comprising C16:1ω7c and/or C16:1ω6c), and summed
feature 8 (comprising C18:1ω7c). The major respiratory quinone of strain
BJYM1T was ubiquinone-8 (Q-8). We proved strain BJYM1T is novel
bacteria by morphologic characterization, phylogenetic analysis, and
chemical taxonomy. As a result, strain BJYM1T is designated Zhongshania
sp. nov.

Peptidoglycan (PG) is a mesh-like rigid architecture which is necessary for
shape maintenance and protection from turgor pressure-mediated cell lysis,
but it is continuously exposed to modification and degradation by PG
hydrolases. PG carboxypeptidases catalyzes the removal of the fifth
D-alanine (D-Ala) from the stem peptides of PG and subsequently, the
remaining stem peptide is covalently linked with the Lpp lipoprotein or the
adjacent stem peptide by LD-transpeptidases. In this study, we analyzed the
effect of PG carboxypeptidase on antibiotic resistance. The deletion of PG
carboxypeptidases induced the inverse effects on β-lactam and vancomycin,
β-lactam sensitivity and vancomycin resistance. Through performing
diverse experiments to reveal the underlying molecular mechanisms of
these phenotypes, we elucidated that vancomycin resistance is caused by
increased levels of decoy D-Ala-D-Ala residues, while β-lactam sensitivity is
associated with physical interactions between PG carboxypeptidase and
penicillin-binding proteins (PBPs). Notably, both of two mechanisms are
independent of LD-transpeptidases. Therefore, we revealed two novel LDtranspeptidase-independent mechanisms of PG carboxypeptidase-mediated
antibiotic resistance and the functional relationship between PG
carboxypeptidase and PBPs.

Keywords: Zhongshania sp. nov., marine, taxonomy

Keywords: PG carboxypeptidase, β-lactam sensitivity, vancomycin resistance
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Clostridium carboxidivorans has been receiving increasing attention as a
potential microbial platform to ferment syngas into biofuels. Since CO is not
a common carbon source for the microbial fermentation, many metabolic
bottlenecks including slow microbial growth and production rates have
been reported. However, there is no studies investigated intracellular
metabolisms or optimal metabolome extraction solvents of Clostridium
carboxidivorans. In this study, metabolomics was exploited to unveil
intracellular metabolic status of C. carboxidivorans cultivated on COcontaining syngas. A total of 82 intracellular metabolites were identified and
quantified by gas chromatography/time-of-flight–mass spectrometry (GC/
TOF-MS). Compared with glucose media, increased synthesis of fatty acids
and decreased production of amines and sugars were suggested as the
possible key metabolisms for fermenting syngas. The evaluation of four
extraction solvents revealed the mixture of water-isopropanol-methanol
(2:2:5, v/v/v) to be the best extraction solvent, which showed the highest
extraction capability and reproducibility for extraction of metabolites in C.
carboxidivorans. This is the first metabolome sampling study on a
microorganism fermenting syngas.

The purpose of this study is to investigate the diversity, cold adaptability and
availability of bioactive compounds of fungal strains isolated from samples
collected in Antarctica. Sample diluted by 10 fold dilution method after
homogenization, were inoculated on R2A, PDA, ISP2, ISP4, YMA, GYA,
Marine agar plate and then incubated at 15℃ for 7~30 days. 143 fungal
colonies were isolated and stored in 15% (v/v) glycerol solution. Isolates
were tested for their ability to grow at temperatures (5, 10 and 25℃). As a
result, the 81 isolates were mesophile and 22 isolates were psychrotolerant.
100 fungal strains were incubated at 15°C for 10 to 15 days and then
extracted with ethyl acetate. As a result of the PTP1B inhibition assay using
the extract, 17 strains showed strong inhibitory activity. These results
suggest that fungal strain isolated from the Antarctic sample might be a
valuable resources for screening of bioactive compounds.
Keywords: Antarctica, PTP1B, assay
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Aspartate Contributes to Survival of Actinobacillus
succinogenes Under Acidic Condition

Transcriptional Potential Determines the Evolvability of
Escherichia coli with Different Fitness Background
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A. succinogenes produce acidic materials such as succinic acid, acetic acid.
A. succinogenes is sensitive to pH change, so it requires specific condition. In
Bovine Rumen fluid, in which is A. succinogenes live, aspartate is contained
about 16% of amino acids. Through amino acid dependent growth
experiment, it revealed that aspartate show similar result to asparagine,
glutamine, lysine which is known as contribution to acid survival. Also,
aspartate is almost deaminated by aspA and this pathway has different level
in pH 6 growth of 0142 knockout strain. Therefore, we focus on aspartate
transporter Asuc_0142 and measured transport activity. Asuc_0142 shows
high affinity to aspartate and has activity well of pH 7. Also, Asuc_0142 is
Asp/Fum antiporter that show Km 30.82 μM, Vmax8.

Adaptation through the fitness landscape may be influenced by the gene
pool or expression network. However, genetic factors that determine the
contribution of beneficial mutations during adaptive evolution are poorly
understood. In this study, we show that the fitness gains of two Escherichia
coli strains with different fitness backgrounds converge even during a short
period of experimental evolution. Populational genome sequencing revealed
various mutations with different allele frequencies in evolved populations.
When we introduced the mutations to the ancestral E. coli strains, beneficial
effects tended to be lower in the ancestor with higher initial fitness.
Replication rate analysis showed that the replication index does not correlate
with the growth rate. Besides, the degree of transcriptional change was
proportional to the fitness gain. Thus, the evolutionary trajectories of bacteria
with different fitness backgrounds can be complex and counterintuitive.
Notably, transcriptional change is a major contributor of evolvability.

Keywords: Aspartate, Actinobacillus succinogenes, transporter
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Bacteriophage attachment to host cell occurs via receptors in the cell wall
slime layers of Gram-positive and negative bacteria that show various
adaptations for successful host infection. In this study, we described
Aeromonas phage AHP-1 isolated from Crucian carp; Carassius carassius
showing complete lysis on fish pathogenic bacteria, Aeromonas hydrophila,
and A. salmonicida. The efficacy of Infection (EOI) demonstrated a strainspecific EOI for both bacteria species. The temperature effect on EOI
affected A. hydrophila more significantly than the A. salmonicida. We
previously reported that AHP-1 showed the closest proximity with the
unclassified phages of the genus Tequatrovirus. In the genome, there were
315 open reading frames and BLASTp analysis revealed 112 ORFs with
already known proteins in the database. They were classified into the
structure, DNA replication, packaging, lysis, nucleotide metabolism and
transcription, and other functions. Despite the genetic distance found in A.
hydrophila and A. salmonicida, the presence of a large number of replication
and metabolism-related genes and a large collection of tRNAs (27) might be
the reason for AHP-1’s efficient host infection. Moreover, we could speculate
that the same receptors (flagella or pili, molecules on the slime layer, etc.)
that are located on the surface of two bacteria might share by the AHP-1.
However, further functional studies may require in the future to confirm the
host range specificity of AHP-1.

Imaging of Microalgal Intracellular Metabolites Using
Graphene Oxide-Aptamer Sensing Platform
Jee Young Kim1, Jaewon Park1, Hyun Soo Kim2, Byeolnim Oh2, and
Yoon-E Choi1*
1
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University, Seoul, Republic of Korea, 2Department of Electronic
Engineering, Kwangwoon University, Seoul 01897, Republic of Korea
Detection of intracellular metabolites in live-microalgae is of great
importance to study the metabolic activity of the cells and also to screen the
superior mutants. In this study, we conducted metabolite imaging in livemicroalgae using graphene oxide (GO)-aptamer sensing platform (GOAPT). The sensing platform successfully entered into Euglena gracilis cells
and bright fluorescence was observed as the aptamers were bound to the
target metabolites. The applicability of the sensing platform was tested with
other microalgal species that have different characteristics. GO-APT was
applicable to only cell wall-deficient species (Ochromonas danica and
mutant strains of Chlamydomonas reinhardtii), indicating that the presence
of cell wall is the main barrier to the application of the GO-based sensing
platform. The application of GO-APT had no effect on the growth of
microalgae, suggesting that the GO-APT is biocompatible. Given that
diverse aptamer sequences had been screened, GO-APT will be able to apply
in other metabolite imaging by simply changing the aptamer sequences.

Keywords: Aeromonas hydrophila, Aeromonas salmonicida, AHP-1 genome
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Visualization of Short-Term Adaptive Evolution of
Escherichia coli BL21(DE3) in Succinate Minimal Medium

Anaerobic Succinate Overproduction in Escherichia coli
by ExuT-Mediated D-Glucose Transport
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The sugar phosphotransferase system (PTS) is an essential energy-saving
mechanism, particularly under anaerobic conditions. Since the PTS
consumes equimolar phosphoenolpyruvate to phosphorylate each molecule
of internalized glucose in the process of pyruvate generation, its absence can
adversely affect the mixed acid fermentation profile and cell growth under
anaerobic conditions. In this study, we observed that the glucose-specific
PTS components (ptsG) deficient E. coli K-12 cells suffered from poor growth
and inefficient glucose utilization in D-glucose containing fermentation
medium. However, cells adapted soon after and started to grow rapidly in
the same batch culture. Metabolite analysis showed that mixed acid
fermentation was changed to succinate fermentation in the adapted cells.
Genome sequencing revealed the presence of the mutations in the exuR
gene, which encodes a transcriptional regulator of exuT gene, which encodes
a non-PTS sugar transporter. Overexpression of the ExuT transporter allows
cells to efficiently uptake D-glucose, grow faster, and produce large amounts
of succinate. These results indicate that metabolic flux can be effectively
regulated by cellular sugar transporters.

Bacterial cells can adapt and grow optimally under various environmental
conditions as programmed in the genome. Under environmental stress, cell
growth will be delayed or lag phase will be prolonged. Lag phase has been
rarely studied, because enough samples cannot be obtained from the
beginning stage of cell cultures. It has been just noted that the period of lag
phase depends on the size and history of inoculum. In this study, we focused
on how the microbial systems can be reprogrammed by short-term
mutational adaptation. We observed the extended lag phase during aerobic
culture of BL21(DE3) cells in succinate minimal medium, when compared
to K-12 cells. We isolated large colonies in succinate minimal agar, which
showed higher growth rates in succinate minimal broth. Next, genome
sequencing characterized that adaptations result from single genomic
mutations in the regulatory region of the kgtP gene encoding an alphaketoglutarate transporter. Fluorescence analysis showed the occurrence and
increase of adapted kgtP mutant cells, which contain intracellular KgtPfused green fluorescent proteins, as a result of the C-to-T single point
mutation in the promoter of a fused kgtP–sfgfp during transfer to fresh
medium. We demonstrated that microbial cellular system can be
reprogrammed shortly by mutational adaptation, consequently to change
metabolic or regulatory network for optimal cellular growth.

Keywords: ExuT, succinate, PTS
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The green alga Chlamydomonas reinhardtii has served as a model organism
of plant and photosynthesis research due to its close resemblance to higher
plants yet much quicker experimental turn-around time. In addition,
intensive efforts in metabolic engineering and synthetic biology research
employ C. reinhardtii to produce biofuels and value-added chemicals. Here,
we report that the C. reinhardtii cia5 mutant lacking a functional carbonconcentrating mechanism (CCM) can produce substantial amounts of
glycolate, a high-value cosmetic ingredient, when the mutant is cultured
under ambient air conditions. To unveil the metabolic basis of glycolate
accumulation by the cia5 mutant, we analyzed the metabolomes of the cia5
mutant and its parental strain CC-125 through the global metabolic
profiling of intracellular and extracellular metabolites using gas
chromatography and mass spectrometry. In the cia5 mutant strain, a group
of photorespiration intermediates including glycolate, glyoxylate, glycine,
and serine accumulated significantly more than the CC-125 strain. The
result provides further evidence that the cia5 mutant may increase their
photorespiration rate because they lack a CCM, and C. reinhardtii might
harbor an inefficient or incomplete photorespiration bypass, resulting in the
accumulation of glycolate when CCM is not functional. We envision that
investigating photorespiration controls in C. reinhardtii provides tools for
producers to use the cia5 mutant to produce glycolate production or use
cosmetic applications.
Keywords: Chlamydomonas reinhardtii, carbon-concentrating mechanism,
global metabolic profiling
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Random Mutagenesis Revealed Several Amino Acid
Associated Genes in Escherichia coli

A GAL4-Like Zinc-Finger Transcription Factor CsgA Is
Essential for Proper Conidiogenesis and Fungal
Development in Aspergillus nidulans

JiWon Park1 and Ok Bin Kim1,2*

He-Jin Cho1 and Hee-Soo Park1,2*

1

Interdisciplinary Program of EcoCreative, The Graduate School, Ewha
Womans University, Seoul 03760, Republic of Korea, 2Department of Life
Science, Ewha Womans University, Seoul 03760, Republic of Korea

1

School of Food Science and Biotechnology, Kyungpook National
University, Daegu 41566, Republic of Korea, 2Department of Integrative
Biology, Kyungpook National University, Daegu 41566, Republic of Korea

In Escherichia coli, glutamine is required as a nitrogen source for a range of
biosynthetic reactions and plays a central role in nitrogen assimilation. All
nitrogen sources entered E. coli are metabolized after converted to glutamine
and glutamate. Since E. coli only detects intracellular nitrogen sources, it is
important to study glutamine transporters to understand E. coli nitrogen
metabolism. There is only one identified glutamine transporter (GlnHPQ)
in E. coli. Although [14C]-glutamine uptake is significantly decreased in
ΔglnH strain, there is not much growth difference in comparison to wild
type. Therefore, it is expected that there are other glutamine transporters
other than GlnHPQ. To identify novel glutamine transporter in E. coli, Tn5
mutagenesis was conducted based on BW25113 ΔglnP strain. Candidates
that have no growth in glutamine minimal media are selected by plate
screening. Tn5 transposon insertion sites are detected by inverse PCR and
transposon inserted genes are identified by BLAST. As a result, some amino
acid associated genes such as serA, hisD, ilvA, argB are identified.

Aspergillus spp. mainly reproduce through asexual reproduction, producing
the asexual spore called conidia. The process of conidia formation
(conidiogenesis) is controlled by various transcription factors. Our previous
transcriptomic analysis identified nine novel conidia-specific transcription
factors. In this study, we characterized one of the conidia-specific
transcription factors CsgA, the Zn2Cys6 transcription factor containing the
GAL4-like zinc-finger domain. The roles of CsgA were investigated in the
model organism Aspergillus nidulans. In A. nidulans, the ΔcsgA strain
showed an increase in conidia production. The expression levels of brlA in
the ΔcsgA strain increased in the early stage of conidiogenesis. Deletion of
csgA exhibited a defect in sexual growth and lower mutA expression levels,
suggesting that CsgA is essential for proper asexual and sexual development
in A. nidulans. In conidia, deletion of csgA resulted in increased trehalose
content, higher spore viability and stress tolerance to thermal and oxidative
stresses. The ΔcsgA strain showed delay in conidial germination rate and
abnormal germ tube length. The production of sterigmatocystin increased
in the ΔcsgA conidia compared to control. Overall, these results suggest that
CsgA is crucial for proper conidiogenesis, fungal development, and
secondary metabolism in A. nidulans.

Keywords: Escherichia coli, mutagenesis, amino acid

Keywords: Conidia, transcription factor, Aspergillus nidulans
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Intracellular Metabolite Profiling of the Response of
Caenorhabditis elegans to Pathogenic Escherichia coli
O157:H7

Characterization of Psychrophlic and Pectinolytic Yeast
Cystofiobasidium capitatum Using Phenotype Microarray

Sun-Hee Lee and Kyoung Heon Kim*

School of Food Science and Biotechnology, Kyungpook National
University, Daegu 41566, Republic of Korea

Bonbin Gu and Soo Rin Kim*

Department of Biotechnology, Graduate School, Korea University, Seoul
02841, Republic of Korea

Cystofiobasidium capitatum has been isolated from citrus peel. C. capitatum
is psychrophilic yeasts and has cold-active pectinase. Pectinolytic enzymes
are widely used for the degradation of pectin compounds in the fruit and
vegetable processing industries. Here, phenotype microarray was used to
investigate phenotypes of C. capitatum. This rapid and direct screening
method permitted the selection of utilizable carbon sources. C. capitatum
was confirmed to be able to use nine carbon sources, and its validity was
verified through flask fermentation. Since cold-active enzymes have the
potential to develop industrial or commercial enzyme, C. capitatum isolated
in this work will be studied as a valuable source of cold-active pectinase.
Also, the fermentation performance of various carbon sources at low
temperatures suggests that C. capitatum is a promising host for the
utilization of food waste containing various carbon sources.

Studying the pathogenicity of enterohemorrhagic Escherichia coli O157:H7
was well understood using genomic and proteomic techniques. However,
there are no metabolomic studies of the potential virulence mechanism of E.
coli O157:H to its host. This study was carried out to elucidate pathogenhost interactions and novel virulence factors by the intracellular metabolic
profiling of C. elegans fed with each non-pathogenic and pathogenic E. coli
via gas chromatography with time-of-flight mass spectrometry (GC/TOFMS). It was obtained that there was a significant increase in the metabolite
levels, namely glucose and amino acids, related to mammalian target of
rapamycin (mTOR) marking pathway. It was found to increase the lipid
oxidation and nucleotide salvage related metabolite levels pathways. Also,
increased the metabolic intermediates were associated with the atypical
hemolytic uremic syndrome and organic acidurias. Conversely, it was
indicated that trehalose levels, an mTOR-independent autophagy enhancer,
of C. elegans fed with E. coli O157:H7 were reduced. These data show that
intracellular metabolite multitude with C. elegans via E. coli O157:H7 can be
altered. This study suggests that metabolomic technologies can be helpful
knowing for elucidating virulence mechanism via pathogenic bacteria from
its host.

Keywords: Cystofilobasidium capitatum, cold-active enzymes, phenotype
microarray

Keywords: Caenorhadbitis elegans, Escherichia coli 0157:H7, metabolic
profiling
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Genomic and Toxicity Studies on Bifidobacterium longum
IDCC 4101 and Bifidobacterium bifidum IDCC 4201
Isolated from Feces of Breast-Fed Infants

Artificial Cell Factory Design for Muconic Acid and
Shikimic Acids Production in Corynebacterium
glutamicum

Hayoung Kim, Won Yeong Bang, Soo-Yeon Yang, and Jungwoo Yang*

Hye-Jin Kim1, Seung-Yeul Seo2, Si-Sun Choi1, Sang Joung Lee2, and
Eung-Soo Kim1*

IBS R&D Center, Ildong Bioscience, Pyeongtaek-si, Gyeonggi-do 17957,
Republic of Korea

1

Department of Biological Engineering, Inha University, Incheon 22212,
Republic of Korea, 2STR Biotech Co., Ltd., Chuncheon 24232,
Republic of Korea

As global interest in probiotics as functional food or health supplement
increases, their safety for human consumption is emerging as a major issue.
We isolated 2 strains of Bifidobacterium, that are Bifidobacterium bifidum
IDCC 4201 and Bifidobacterium longum IDCC 4101 from feces of breastfed infants. Compared with other probiotic bacteria, they have outstanding
antimicrobial (e.g., Clostridium difficile) and antiviral (e.g., noroviruses)
activity. In the present study, they were characterized with respect to their
harmful actions in cellular and animal experiments and the suitability as a
probiotics. B. bifidum IDCC 4201 and B. longum IDCC 4101 were both
negative for hemolytic and β-glucuronidase activities. In addition, they were
susceptible to 9 different antibiotics (ampicillin, vancomycin, gentamicin,
kanamycin, streptomycin, erythromycin, clindamycin, tetracycline, and
chloramphenicol) suggested by the European Food Safety Authority. In
accordance with minimal inhibitory concentration results, whole-genome
analysis indicated that the strains harbored neither antibiotic resistance nor
toxigenic genes. Furthermore, they produced no biogenic amines, including
tyramine and histamine, and no D-lactate. Finally, single-dose oral toxicity
tests showed that the strains also had no harmful effect on rats. Therefore,
we suggest that the probiotic strains B. bifidum IDCC 4201 and B. longum
IDCC 4101 isolated from feces of breast-fed infants are safe for human
consumption.

Muconic acid (MA) and shikimic acid (SHK) are valuable platform
intermediates for the synthesis of various polymers and antiviral drug, such
as the oseltamivir (Tamiflu®). Although microbial-based MA and SHK
production have been previously tried, the unstable and low titer remain
limited. Here, we generated an engineered Corynebacterium cell factory to
produce a high titer of MA and SHK. For production of MA, aroE (shikimate
dehydrogenase gene), pcaG/H (protocatechuate (PCA) dioxygenase alpha/
beta subunit genes) and catB (chloromuconate cycloisomerase gene) were
disrupted to accumulate key intermediates in the MA biosynthesis. A
codon-optimized heterologous PCA decarboxylase and subunit were
expressed to accomplish the conversion of PCA to catechol (CA). This
redesigned Corynebacterium produced about 38 and 54 g/L MA in 7-L and
50-L fed-batch fermentation, respectively. For production of SHK, aroK
(shikimate kinase gene), qsuB (dehydroshikimate dehydratase gene), qsuD
(quinate/shikimate dehydrogenase gene) and pyk1 (pyruvate kinase gene)
were deleted to facilitate the accumulation of SHK and its precursors. An
artificial operon containing aroF and aroG (DAHP synthase genes), aroB
(3-dehydroquinate synthase gene), qsuC (dehydroquinate dehydratase
gene) and aroE (shikimate dehydrogenase gene) were overexpressed to
maximize the carbon flux. The engineered Corynebacterium produced
approximately 37.3 g/L SHK in 7-L fed batch fermentation. Furthermore,
this resulting strain was effectively applied for the production of shikimate
pathway metabolite, such as shikimate-3-phosphate (S3P), chorismite
(CHR) and anthranilate (ANT). These results suggest that the rational cell
factory design of Corynebacterium could be an alternative way for
production of commercially important chemicals.

Keywords: Probiotics, Bifidobacterium, safety
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Production of poly (3-Hydroxybutyrate) from Wood
Hydrolysates Using Recombinant Escherichia coli
Expressing Response Regulator dr1558

Keywords: Corynebacterium, muconic acid, shikimic acid
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Jeong-hyun Kim and Jong-il Choi*

Active Transposition of Insertion Sequences in
Prokaryotes: Insights from the Response of Deinococcus
geothermalis to Oxidative Stress

Department of Biotechnology and Bioengineering, Chonnam National
University, Gwangju 61186, Republic of Korea
In this study, we confirmed an increase in PHB production in recombinant
E. coli due to overexpression of the response regulator dr1558 gene in MR
medium supplemented with wood hydrolysate. Recombinant E. coli in the
medium supplemented with wood hydrolyzate had a low cell concentration
and PHB content, but the expression of dr1558 increased the cell
concentration by 10% or more and the PHB concentration by 70% or more.
As a result of transcriptome analysis, it was confirmed that the overexpression
of dr1558 increased the expression of TCA cycle-related genes and PHB
biosynthesis genes. The results of this study are considered to be useful for
fermentation production technology of biodegradable polymer PHB and
other biological materials using low-cost wood hydrolysates. Furthermore,
the recombinant Escherichia coli produced in this study expressing dr1558
can be applied to various fields such as the production of organic acids and
the production of GABA using cadA, which has activity at low pH, and can
be industrialized.

Eunjung Shin, Qianying Ye, and Sung-Jae Lee*
Department of Biology, Kyung Hee University, Seoul 02447,
Republic of Korea
Bacterial genomes contain numerous insertion sequences (ISs) as
transposable elements involved in actions such as the sequestration,
transmission, mutation and activation of genes that can influence the
responsive capacity of the organism to environmental challenges. To date, at
least 30 IS families have been identified. In this review, we describe how
certain ISs are transposed to carotenoid biosynthesis genes, such as phytoene
synthase and phytoene desaturase, when radiation-resistant Deinococcus
geothermalis with a redox imbalance and a targeted gene disruption
mutation is exposed to oxidative stressors, such as gamma-irradiation,
dielectric bilayer discharge plasma and hydrogen peroxide. We also explain
the genetic features of IS elements, spontaneous mutation and various stress
responses, including nutrient limitation, and physicochemical and oxidative
stress, associated with the active transposition of bacterial ISs. Based on the
current knowledge, we posit that the redox signalling mechanism inducing
IS transposition involves redox sensing and redox switching for the
activation of transposase expression and its activity.

Keywords: PHB, response regulator, wood hydrolysate

Keywords: Deinococcus, oxidative stress, transposition
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Characterization of a Novel Tectivirus Phage PhiAB03
Recognizing Capsular Polysaccharide of Acinetobacter
baumannii as Host Receptor

Unveiling Genetic and Metabolic Regulation of Oxidative
Stress Responses in Fusarium graminearum
Jiyeun Park1, Hyun-Hee Lee2, Nahyun Lee1, Sieun Kim1,
Jung-Eun Kim3, Yoonji Lee1, Young-Su Seo2, and Hokyoung Son1,3*

Jae Hyung Kim and Minsik Kim*

1

Department of Food and Nutrition, Brain Korea 21 FOUR, College of
Human Ecology, Yonsei University, Seoul 03722, Republic of Korea

Department of Agricultural Biotechnology, Seoul National University,
Seoul 08826, Republic of Korea, 2Department of Microbiology, Pusan
National University, Busan 46241, Republic of Korea, 3Research Institute
of Agriculture and Life Sciences, Seoul National University, Seoul 08826,
Republic of Korea

Acinetobacter baumannii is one of the most notorious pathogens that
urgently requires development of new therapeutic approaches due to its
broad spectrum of antibiotic resistance. Here, we analyzed basic
characteristics of novel A. baumannii-infecting bacteriophage PhiAB03 for
the development of alternative antimicrobials. Morphological and genomic
analysis suggested that PhiAB03 was classified into the family Tectiviridae
which features with a inner proteinaceous lipid membrane and outer
icosahedral capsid. Comparative genomic and phylogenetic analysis
demonstrated that the PhiAB03 could be suggested as a distinctive novel
genus within the family. Deletion of itrA (initiating glycosyltransferase)
provided the A. baumannii a PhiAB03 resistance while deletion of pglL
(O-oligosaccharyltransferase) involved in the O-linked protein glycosylation
didn’t. Recovery of phage susceptibility by itrA complementation and the
inhibition of phage adsorption by cell-free capsular polysaccharide (CPS)
supplementation indicated that the CPS serves as the receptor for PhiAB03.
Further studies on the molecular basis of the host-phage interaction and
host lytic properties will determine the possibility of this novel Tectivirus
phage PhiAB03 as antimicrobial candidates to control A. baumannii.

In plant-pathogen interaction, oxidative burst is a crucial mechanism for
plants to defend against the pathogen’s infection. Rapid production and
accumulation of reactive oxygen species (ROS) kill the pathogen directly
and cause local cell death, preventing the pathogen from spreading to an
adjacent cell. Meanwhile, the pathogens also have developed several
mechanisms to endure oxidative stress and successfully colonize in plant
cells. Therefore, it is crucial to unveil oxidative stress response (OSR)
mechanisms of plant pathogens to develop efficient disease control
strategies. We used a prominent head blight fungus Fusarium graminearum
as a model organism to study OSR mechanisms of plant pathogenic fungi.
Among the previously constructed transcription factor mutant library, six
mutants with high sensitivity to H2O2 were selected for transcriptome
analyses. We hypothesized that expressions of core genes important for OSR
would change more drastically in these strains than in the wild type under
oxidative stress conditions. Using weighted gene co-expression network
analysis (WGCNA), we found that three modules showed high correlations
with oxidative stress. We investigated the roles of genes distributed in each
module and identified top 30 hub genes with high intra-module connectivity.
Six hub genes were revealed to have a role in OSR in F. graminearum, and
they are possibly associated with histone acetylation, DNA repair system,
and heme biosynthesis. We will establish an integrated genetic network of
the OSR by characterizing the hub genes. This study will provide an
understanding of the various mechanisms that appear in response to
oxidative stress in F. grainearum.

Keywords: Acinetobacter baumannii, Tectivirus, capsular polysaccharide
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The Interkingdom Interaction with Staphylococcus
Influences the Antifungal Susceptibility of the Cutaneous
Fungus Malassezia

Keywords: Fusarium graminearum, oxidative stress response
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Investigation of Methanol-Dependent Butyrate
Production, a Strategy for Obtaining Reducing Powers, in
Methylotrophic Acetogen, Eubacterium limosum KIST612

The skin is a dynamic ecosystem, and diverse microbes reside in this
environment. The interaction between microbial species in the skin
microbiota is thought to influence the health and disease of the skin
although the roles of the intra- or interkingdom interactions remain to be
elucidated. In this context, the interactions between Malassezia and
Staphylococcus, which are the most dominant fungal and bacterial genera in
the skin microbiota, respectively, have gathered attention. This study
investigated how the interaction between Malassezia and Staphylococcus
affects the antifungal susceptibility of the fungus to the azole antifungal drug
ketoconazole. The susceptibility was significantly decreased when Malassezia
was co-cultured with Staphylococcus. We found that acidification of the
environment by organic acids produced from Staphylococcus mainly
influenced the decrease of the ketoconazole susceptibility of M. restricta in
the co-culturing condition. Furthermore, our data demonstrate that the
significant increase of the ergosterol content and cell membrane/wall
thickness of the M. restricta cells growing under the acidic environment
may be the main cause of the altered azole susceptibility of the fungus.
Overall, our study suggests that the interaction between Malassezia and
Staphylococcus influences the antifungal susceptibility of the fungus and that
pH has a critical role in the polymicrobial interaction in the skin
environment.

Ji-Yeon Kim, Soyoung Oh, Byeongchan Kang, Hyunsoo Kang, Yeji Gil,
and In Seop Chang1*
School of Earth Sciences and Environmental Engineering, Gwangju
Institute of Science and Technology, Gwangju 61005, Republic of Korea
It has been reported that methylotrophic acetogens can produce butyrate
under methanol conditions (even under low energy conditions such as the
H2/CO2 condition). To understand the methanol-dependent butyrate
production, we traced 12C- and 13C- products of Eubacterium limosum
KIST612 (acetate and butyrate) under the 13C-methanol (2.0 mmol)/12CCO2 (0.5 mmol in headspace) condition. At the condition, 12C-acetate was
not detected, showing that CO2 was not utilized alone. The ratio of 13C1- to
13C2-acetate indicated that 7 methanol was required for 1 CO2 utilization.
Additionally, we can calculate intermediates of the Wood-Ljungdahl
pathway, short chain fatty acids production pathway, and ATP production
pathway, by considering the amounts of 13C1-, 13C2-, 13C3-, and 13C4butyrate. It enabled to predict the flow of reducing powers (NADH and
Fd2–) under the experimental condition. As a result, we carefully concluded
that the methanol-dependent butyrate production would be a strategy for
securing Fd2– without ATP loss caused by reverse reaction of Rnf complex.

Keywords: Antifungal drug, Malassezia, skin mycobiota

Keywords: Eubacterium limosum KIST612, methylotrophic acetogen,
butyrate production
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Symbiotic Microbial Promote the Functional Adaptation
to Climate Warming in Animal Models

Paenibacillus sp. nov., Isolated from Soil in Andong of
the Republic of Korea

Saeid Khakisahneh and Hojun Kim*
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Biological Resource Center, Korean Collection for Type Cultures (KCTC),
Korea Research Institute of Bioscience and Biotechnology,
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Several shreds of evidence indicated symbiotic microbiome and their hosts
can determine the adaption of an animal species. We test this hypothesis
that gut microbiomes mirror the evolutionary signatures of their hosts, and
confer the functional significance for metabolic adaptation to climate
warming. This study analyzed the diversity and composition of fecal
bacterial communities under different air temperatures (Ta) and investigated
the responses of host metabolism in wild rodents. Based on mtDNA and
nDNA the branching order of host phylogenies is nearly homological with
the composition of microbial communities which suggests that host
phylogeny is the major predictor for the symbiotic gut microbiome. Future,
the high Ta shifted the bacterial community composition, which was
associated with species-specific adaptive responses in resting metabolic rate
and thyroid hormones but they cannot override host phylogeny in shaping
microbial assembly. Our findings demonstrate that gut microbial
communities are distinguishable by host phylogeny under different
environments and shaped by environmental variables for functional
plasticity.

We isolated a bacterium SS4T from the soil in Andong of the Republic of
Korea. Based on the results of 16S rRNA sequence analysis, strain SS4T is
most closely related to Paenibacillus marchantiophytorum DSM 29850T
(98.22%), Paenibacillus nebraskensis JJ-59T (98.19%), and Paenibacillus
aceris KCTC 13870T (98.08%). The phylogenetic (<98.65%) and the type
strain genome server (TYGS) analysis revealed that the SS4T belongs to the
genus Paenibacillus. Furthermore, the Matrix-assisted Laser Desorption/
Ionization-Time-of-Flight mass spectrometry (MALDI-TOF/MS) result
showed that the strain SS4T belongs to the genus Paenibacillus. The results
of morphological characterization showed that the cells are gram-positive
rods with rounded ends, aerobic, non-motile, and cell sizes in the range
2.18-2.35 μm×0.27-0.29 μm, oxidase-positive, and catalase-positive. The
major menaquinone was MK-7. The polar lipids profiles of strain SS4T
comprised Diphosphatidylglycerol (DPG), Phosphatidylethanolamine (PE),
Phosphatidylglycerol (PG), Aminophospholipid (APL), and Phospholipid
(PL) and one of unknown polar lipid. The major fatty acid profiles are
contained in anteiso-C15:0 (76.38%), and iso-C16:0 (8.68%). Interestingly, the
strain SS4T produced Indole acetic acid (IAA) in culture condition (90 μg/
ml). These results proposed that strain SS4T be designated Paenibacillus sp.
nov.

Keywords: Holobiont, host phylogeny, gut microbiome

L-33

Keywords: Taxonomy, soil, Paenibacillus sp. nov.

Analyses of Variations of NADPH Concentration in
Escherichia coli Under Normal and Stress Conditions
Jeong-Min Lim, Yun-Jin Kim, Tae-Wook Lim, and Geun-Joong Kim*
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Production of Biodegradable Plastic Polymer, PHB and
PHBV Copolymer by Newly Isolated Methanotroph

The reduced nicotinamide adenine dinucleotide phosphate (NADPH) is an
essential electron donor and reductive coenzyme for various biosynthetic
processes including fatty acid, amino acid and biopolymers synthesis. The
increasing intracellular level of NADPH has often become a target for
metabolic engineering to produce valuable metabolite or recombinant
proteins. In the most cases, however, NADPH concentration in E. coli was
indirectly measured by coupling assay at specific time point. Here, we
established an assay system to directly measure the amount of NADPH in E.
coli using NADPH-dependent blue fluorescent protein, mBFP, and
determined its concentration in the wild type MG1655 and recombinant E.
coli with or without insert under various physiological conditions. To get
more meaningful results of related variations of NADPH concentration to
stresses, diverse inserts encoding the corresponding protein to different
function, such as stressful (difficult-to-express), NADPH-consuming and
regenerating function, were introduced in the transformed vector into E.
coli. The roles of variations of NADPH concentration are further assessed by
performing comparative analyses between the wild type and a yah knockout
E. coli strain. The gene yah encodes a NADPH-dependent aldehyde reductase
with NADPH-consuming function. The detailed procedures and results will
be discussed in the meeting.

JangJin Lee, Ok Kyung Lee, Yurim Kim, Ushasree M.V, and
Eun Yeol Lee*
Department of Chemical Engineering, Kyunghee University,
Yongin-si 17104, Republic of Korea
Recently, plastic pollution and methane emissions are critical global issues.
The biological conversion of methane to poly-β-hydroxybutyrate (PHB), a
biodegradable plastic, could not only reduce methane emissions but also
replace petroleum-based plastics. Methanotrophs could be simultaneously
solve these problems by utilizing methane as a carbon source and
accumulating it into PHB. In this study, we report the isolation and
characterization of novel methanotroph with the ability to produce more
than 25% PHB of dry cell weight from sewage sludge. A novel methanotroph
was characterized using electron microscopy and phylogenetic analysis. The
aerobic, gram-negative and rod-shaped type II methanotroph was called as
Methylosinus sp. J2. The culture condition of Methylosinus sp. J2 and PHB
accumulation conditions such as pH, methane: air ratio, nitrogen
concentration were analyzed and optimized. Interestingly, Methylosinus sp.
J2 was able to produce PHB as well as poly (3-hydroxybutyrate-co-3hydroxyvalerate) [PHBV copolymer] from methane, a sole carbon source,
under cobalt deficient conditions. This study demonstrated that novel
methanotroph, Methylosinus sp. J2 could be an attractive host strain for
methane-to-PHB/PHBV accumulation.

Keywords: NADPH quantification, metagenome-derived blue fluorescent
protein, Escherichia coli
(First and second authors contributed equally to this work.)
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Microbial Metabolic Gene Regulation by
CRISPR/dCas9-NG Interference

Role of LAMMER Kinase, Lkh1, in Stress Response and
Sexual Differentiation in Cryptococcus neoformans
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CRISPR/Cas9 technology has been engineered for the development of
artificial transcriptional regulators, also known as CRISPR interference
(CRISPRi). The deactivated Cas9 (dCas9) protein guided by sgRNA can
bind to the DNA target in sequence-specific manners, without DNA
cleavage. The protospacer adjacent motif (PAM) (5′-NGG; in Cas9) limits
the targetable range of CRISPR/Cas, since it is essential for the activation of
DNA cleavage by all the Cas nucleases. To overcome the PAM dependency
of Cas9 nuclease, the engineered Cas9-NG nuclease system has been
constructed by removing the dependence on the last base G of PAM that
recognizes 5′-NG as the PAM sequence. In this study, the known two
mutations were introduced in the active site of Cas9-NG nuclease (D10A,
H840A). A chromosomally integrated and L-arabinose inducible dCas9-NG
system was constructed. Plasmids harboring various sgRNAs targeting the
specific sequences for the gal promoter (-10 region) were transformed into
dCas9-NG-expressing E. coli. Analyzation of the cell growth rate, Dgalactose consumption rate, and gal transcripts showed that the dCas9-NG
can completely repress the promoter by recognizing DNA targets with PAM
of 5′-NGG, NGA, NGC, NGT, and NAG. Our study showed that the
possible PAM sequences of dCas9-NG for regulation of both gene expression
and cellular metabolism.

Dual specificity LAMMER kinases, which contain ‘EHLAMMERILG’ motif
in the subdomain, are evolutionarily conserved in various eukaryotic species
and play pivotal roles in diverse physiological processes such as filamentous
growth in fungi. Especially, LAMMER kinases are also required for
resistance in response to external stresses related to virulence in fungal
pathogens such as Candida albicans and Ustilago maydis. Cryptococcus
neoformans is an opportunistic fungal pathogen causing meningoencephalitis
in mainly immunocompromised individuals and is responsible for more
than 220,000 infections every year. Recently, although the genome-wide
functional analysis of kinases (129 kinases) in C. neoformans, was
performed, the role of a gene encoding the LAMMER kinase in stress
response and virulence was not characterized. In this study, we constructed
a strain deleted with LKH1 encoding LAMMER kinase and its
complemented strain and performed phenotypic analyses in response to
diverse stresses using them. The deletion of LKH1 in C. neoformans led to
growth defects like other fungi. Furthermore, we found that LKH1 is
involved in diverse stress responses. In oxidative stress, the lkh1Δ mutant
showed growth defects under hydrogen peroxide or menadione treatment.
Moreover, expression levels of CAT2 and CAT3 in lkh1Δ mutant were
significantly reduced compared to those in WT and the intracellular level of
ROS in lkh1Δ mutant was higher than that in WT at basal condition. The
lkh1Δ rad53Δ double mutant was more sensitive to DNA damage insults
than each lkh1Δ and rad53Δ mutant. The expression levels of Rad53dependent genes were not distinguishable between WT and lkh1Δ mutant.
The Lkh1 regulated osmotic stress response in a Hog1-independent manner.
In the cell wall stress, both deletions of LKH1 and MPK1 led to more severe
growth inhibition than each deletion. Furthermore, Lhk1 was not involved
in Mpk1 phosphorylation during cell wall stress. Notably, bilateral crossing
with lkh1Δ mutants reduced basidiospores formation. Taken together, Lkh1
is required for stress response and sexual differentiation in C. neoformans.

Keywords: dCas9-NG, expanded PAM, gal promoter
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Reactive oxygen species (ROS) such as hydrogen peroxide (H2O2) are
produced by plant cells in response to fungal infections. ROS act as signal
molecules triggering plant immune responses and are able to directly kill or
slow the growth of pathogens. Meanwhile, fungal pathogens have evolved
efficient ROS-detoxifying mechanisms to colonize host plants successfully.
In a previous study, we revealed that a transcription factor Fgbzip007 is
important for H2O2 detoxification by regulating at least two antioxidant
systems, including the Fca7 peroxidase-dependent oxidative stress response
(OSR) mechanism in the plant pathogenic fungus Fusarium graminearum.
In this study, we aimed to unveil the additional regulatory role of Fgbzip007
in OSR. At first, we functionally characterized Fgbzip007 and figured out a
conserved role as a positive regulator in sulfur assimilation. Based on the
role of Fgbzip007 in sulfur metabolism, we hypothesized that the sensitivity
of fgbzip007 mutants to oxidative stress might be related to the S-containing
antioxidant, glutathione. We found that fgbzip007 mutants could not
synthesize the glutathione, and a glutathione metabolism was revealed to be
required for efficient OSR in this fungus. Overall, this study provides an
understanding of glutathione metabolism in plant pathogenic fungi and its
relevance with sulfur metabolism. Further study will focus on constructing
the comprehensive OSR controlled by Fgbzip007, including enzymatic and
non-enzymatic antioxidants.
Keywords: Oxidative stress, sulfur assimilation, glutathione
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A Novel Bacterium Alteromonas sp. nov., Isolated from
the Surface of Wando Ocean

Characterization of a Fecal Isolate of Lactobacillus
plantarum Resistant under Nitrite Stress
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Microorganisms growing on the surface of the Wando ocean in the Republic
of Korea were collected and identified. A gram-negative, rod-form, aerobic,
catalase-positive, and oxidase-positive bacterial strain BMJM2T was isolated.
Phylogenetic analysis based on 16S rRNA gene sequences revealed that
strain BMJM2T was closely related to Alteromonas profundi LCM 33893T
(98.35%), Alteromonas genovensis KCTC 62502T (98.34%), Alteromonas
hispanica KCTC 62501T (98.22%) and Alteromonas malceodii DSM 6062T
(97.32%). We carried out chemotaxonomy experiments by quinone and
fatty acid analysis. The results showed that BMJM2T contains ubiquinone-8
(Q-8) as the ubiquinone and consists of summed featured 3 (C16:1 ω7c and/
or C16:1 ω6c) and C16:0 as major fatty acids. Unlike other species of the same
genus, it secreted quite a bit of alkaline phosphatase. In addition, wholegenome sequence analysis was performed for genetic characterization.
Morphologic characterization, chemical taxonomy, and phylogenetic data
proved that strain BMJM2T is a novel species of the genus Alteromonas. It is
proposed that strain BMJM2T be designated Alteromonas sp. nov.

Probiotics play beneficial roles in sustaining gastrointestinal health.
Lactobacillus plantarum, one of the most widely used lactic acid bacteria, is
a well-studied probiotic. One of the significant roles of L. plantarum is that
it can mitigate stress from nitrite anion (NO2–) and nitric oxide (NO), which
have been controversial for their toxicity. In this study, we tested the survival
of human fecal isolates, Lactobacillus plantarum LP7 (LP7), under sodium
nitrite stress. LP7 showed a higher survival rate than the reference strain (L.
plantarum ATCC14917) under sodium nitrite stress. And residual nitrite
concentration was much lower in the supernatant of the growth medium
treated with LP7. When treated with sodium nitrite, the cell length of both
LP7 and ATCC14917 are elongated, but LP7 showed uniform shapes, unlike
ATCC14917 which came in various cell lengths. To find genes governing the
nitrite stress in LP7, we conducted Whole-genome sequencing and
comparative genome analysis using sixteen genomes of L. plantarum strains.
LP7 has 101 unique genes distinctive from the other L. plantarum strains,
but these individual genes were not related to NaNO2 stress. We analyzed
transcriptome profiles of LP7 treated with nitrite. To understand the
resistance of LP7 under nitrite stress, we performed transcriptome analysis,
which showed that differentially expressed genes make distinct reduction
mechanisms and responses of LP7 and ATCC14917 under NaNO2 stress.
The most expressed group of genes in LP7 was ‘Cell cycle control, cell
division, chromosome partitioning’. Especially, at LP7, ftsZ gene which is
involved in cell division process shows doubled expression levels in test
samples compared to the control samples while there is no difference in
ATCC14917. Based on these results, we found out that the expression of
these distinctive genes is responsible for the significant resilience of LP7
under sodium nitrite stress.

Keywords: Alteromonas sp. nov., taxonomy, marine

Keywords: Lactobacillus plantarum, nitrite stress, RNA seqencing
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Protein Phosphatase Pph3 and Its Regulatory Subunit
Psy2 Are Required for Rad53 Deactivation and Sexual
Differentiation in Cryptococus neoformans

Control of Lysogenic Cells by CRISPR/Cas-Mediated
Bacteriophage Genome Engineering
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Escherichia phage λ is a temperature phage infecting E. coli and has both a
lytic-lysogenic life cycle. λ CI repressor can regulate the expression of lytic
transcripts and act as a main genetic switch determining the lysogenic fate
of the infected cells. Lambdoid phages with similar lysogenic mechanisms
exhibit superinfection immunity, preventing the re-infection of similar
phages in lysogenic cells. This phenomenon may limit the control of
microbial pathogens using bacteriophages. We established CRISPR/Cas9mediated lambda bacteriophage genome editing system, and constructed
lytic phages to overcome the superinfection immunity. As a result, the cI857
genotype was edited into the cIWT by single base editing, indicating successful
construction of a CRISPR-mediated phage genome editing toolkit. Based on
the editing system, cI gene in the lambda phage was replaced by artificial
cI anti-sense gene that expresses the anti-sense RNA. cI anti-sense phages can lyse
completely λ lysogenic E. coli MG1655 cells. These results provide a simple
and effective method of controlling lysogenic cells by engineered phages
carrying the anti-sense cI gene. It is expected that engineered bacteriophages
will be applied to control antibiotic-resistant microbial pathogens.

When cells are exposed to internal and external stresses, diverse of cellular
signaling pathways are activated to relieve them. The activated signaling
pathways should be downregulated to maintain cellular homeostasis and to
avoid potential effects originated from the prolonged activation after cellular
damages are recovered. In C. neoformans DNA repair pathway, both Mec1
and Tel1 phosphorylate Rad53 kinase upon DNA damage stress and the
activated Rad53 increases expression levels of DNA repair genes through
Bdr1 transcription factor. However, the deactivation process of Rad53 after
restoration of DNA damage is not well understood in C. neoformans. In this
study, we found that a Pph3-Psy2 complex is required for dephosphorylation
of Rad53 and also involved in the DNA damage response in a Rad53independent manner. Furthermore, expression levels of BDR1 in pph3Δ
mutant were higher than those in WT during DNA damage stress and
recovery process. The Pph3-Psy2 are also responsible for oxidative stress in
a Rad53-independent manner. In sexual differentiation process, bilateral
crossing with rad53Δ mutants reduced basidiospores whereas bilateral
crossing with pph3Δ or psy2Δ mutants did not produce basidium. The
PP2C phosphatase, Ptc2 also regulated Rad53 phosphorylation and
expression levels of its downstream genes in response to DNA damage
stress. The ptc2Δ pph3Δ double mutant exhibited more severe growth
defects in response to DNA damage stress than each ptc2Δ and pph3Δ
mutant. Therefore, Pph3-Psy2 complex controls DNA damage response and
sexual differentian in both Rad53-dependent and –independent manners.

Keywords: Superinfection immunity, lysogenic cell, anti-sense RNA
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Fungal enzymes are considered as efficient and compatible resources for
industrial applications. In particular, the genus Trichoderma is well known
to the efficient producer of valuable factors including enzymes. We examined
activity of L-asparaginase which is utilized to treat acute lymphoblastic
leukemia. National Marine Biodiversity Institute of Korea (MABIK) collects,
preserves, and studies marine-derived fungi in Korea. While screening for
asparaginase-producing fungi in Marine Microbial BioBank (MMBB)
culture collections, 4 strains of Trichoderma were observed as asparaginase
producers. Based on the morphology and phylogenetic analyses using
sequences of translation elongation factor 1α (TEF-1α), Trichoderma spp.
were identified as T. hamatum, T. amoenum, T. citrinoviride and T.
afroharzianum. To examine the effect of carbon sources on asparaginase
activity, five different carbon sources were evaluated. As a result, all four
strains producing L-asparaginase showed different asparaginase activities
depending on carbon sources. In this study, we suggested that the genus
Trichoderma could be a potential resource producing L-asparaginase.
Keywords: Marine-derived fungi, Trichderma, enzymatic acitivity
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Identification of Spontaneous DNA Deletion in
Bacteriophage MK1

Core Region of a Smu.1147-Derived Peptide Involved in
Genetic Competence of Streptococcus mutans
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Streptococcus mutans is well adapted to life in the oral biofilm and is one of
the etiological agents of dental caries. This bacterium possesses numerous
virulence factors that contribute to its ability to cause disease and its ability
to communicate effectively in the community by peptide-mediated quorum
sensing. Here we aimed to identify the active region of the Smu.1147derived peptide that can exert effective signaling of S. mutans and to assess
the relation of the potential region with the expression of virulenceassociated factors. Of particular note, the candidate peptides derived from
Smu.1147 were artificially synthesized and utilized to determine the activity
of the individual peptides on the genetic competence of S. mutans wild-type
and mutant lacking Smu.1147c strains. Among these peptides, the Pep2
(CHSLLNTFHYSETSLSQLTLF) and Pep2ver2 (FASPLNRLVSCHSLLNTFHY)
increased the transformation efficiency of the wild-type and mutant strains
to 2 and 1.6 folds, 2 and 4.5 folds respectively (p<0.05). Therefore, these
results suggest the core region of the Smu.1147-derived peptide for optimal
degree of competence and provide a novel insight of this peptide into
quorum sensing of S. mutans.

Deletion or mobilization of various genes during DNA replication is a major
force in evolution. We isolated an Escherichia coli phage MK1 that forms a
turbid plaque with a halo and observed that about 0.01% of the MK1 plaques
became clear even after several rounds of a single plaque purification step.
The whole genome sequencing of MK1 and MK1C revealed that phage
forming a clear plaque (MK1C) lost 4.5 kb DNA including 3 phage tail
related genes (MK1_020, MK1_021, and MK1_023) and 1 hypothetical
protein encoded gene (MK1_022). The 14-bps direct repeat DNA sequences
were found at both ends of the deleted 4.5 kb DNA and MK1C also appeared
when MK1 infected recA mutant strain of E. coli, suggesting that MK1C
may be derived from MK1 through recA-independent homologous
recombination. The receptor, the host ranges, the adsorption rates, and the
burst sizes were same for both MK1 and MK1C, however, the phageresistant E. coli appeared faster upon MK1C infection compared with MK1
although the bactericidal effect was not much different. The reason for
differences in phage-resistance development and host inhibition between
MK1 and MK1C should be studied further.

Keywords: Streptococcus mutans, Smu.1147-derived peptide, competence

Keywords: Bacteriophage, spontaneous mutation, recombination
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Anaerobic Allantoin Degradation Links to Succinate
Fermentation via Glyoxylate Shunt

Phenotypic and Genomic Characterization of a Novel
Kingella Species, Isolated from a Child with Osteomyelitis
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FdrA variant was the most significant variant leading to increased succinate
production. The function of FdrA is uncertain. Transcription of fdrA was
induced under anaerobic allantoin degradation conditions, and FdrA was
shown to play a crucial role in oxamate production. The FdrA variant
increased glyoxylate conversion to malate by accelerating oxamate
production, which promotes carbon-flow through the C4 branch, leading to
increased succinate production. In this study, experiments with geneexpression assay and metabolic analysis showed for the first time that FdrA
could be the ‘orphan enzyme’ oxamate:carbamoyl-transferase in anaerobic
allantoin degradation. Furthermore, we demonstrate that the anaerobic
allantoin degradation pathway is linked to succinate production via the
glyoxylate pathway during glycerol fermentation.

Strain SNUBH-2017T was isolated from vertebral body of the lumbar spine
of 4-year-old male with subacute osteomyelitis. Cells are Gram-stainnegative, aerobic, catalase-negative and oxidase-positive, and the colonies
grown on Gifu anaerobic medium agar plate are circular, smooth, glistening,
translucent, dry, and flat-to-umbonate with a diameter of 2 mm. The isolate
grows at 20-45℃ (optimum 37℃) and 0 % (w/v) NaCl concentration
optimally. 16S rRNA gene sequence analysis of strain SNUBH-2017T
showed the highest similarity to Kingella potus 3/SID/1128T with 97.3%,
followed by Neisseria bacilliformis ATCC BAA-1200T (96.78%). Phylogenetic
analysis based on 16S rRNA gene further suggested that strain SNUBH2017T is closely associated to Kingella species. The genome size of strain
SNUBH-2017T is 2,263,453 bp and G+C content is 59.1 mol%. The average
nucleotide identity (ANI) values based on OrthoANIu algorithm between
strain SNUBH-2017T and closely related species were 79.3% to N.
bacilliformis ATCC BAA-1200T and 77.3% to Kingella potus 3/SID/1128T.
Based on the phenotypic and genotypic analyses in this study, strain
SNUBH-2017T is considered to represent a novel species of the genus
Kingella.

Biological Resource Center, Korea Research Institute of Bioscience and
Biotechnology, Jeongeup-si, Jeollabuk-do 56212, Republic of Korea,
2
Department of Biology, Kyung Hee University, Seoul, Republic of Korea
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Functional Characterization of Cyclin-Dependent Kinases
and Cyclins in Giardia lamblia

First Record of the Dinoflagellate Genus Effrenium in the
East Sea of Korea: Morphological, Biochemical and
Genetic Characterization of Effrenium voratum
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Cyclin-dependent kinases (CDKs) are a family of serine/threonine kinases
that play a key role in cell cycle control in eukaryotes. Limited information
is available for two Giardia lamblia CDKs, GlCDK1 and GlCDK2, and their
cognate cyclins. Here, we demonstrate that CDK-specific inhibitor,
flavopiriol-HCL (FH) inhibited cell cycle progression at both G1/S and
G2/M phase with concentration of 50 nM or 2.5 µM, respectively. Transgenic
Giardia expressing hemagglutinin (HA)-tagged GlCDK1 or GlCDK2 was
generated and used for immunofluorescence assays, indicating that both
GlCDK1 and GlCDK2 were localized at the nuclear membrane, median
body and axonemes (in interphase cells), and mitotic spindles and axonemes
(in dividing cells). Using the specific morpholinos for CDKs, GlCDK1
knockdown induced G1/S phase arrest while GlCDK2-knockdown showed
effect on G2/M arrest. Overexpression of GlCDK2, but not GlCDK1,
inhibited Giardia growth. Transgenic Giardia cells expressing GlCDK in
HA-tagged form and one of nine putative G. lamblia cyclins (Glcyclins
indicated as Glcyclin gene numbers in the G. lamblia database) as c-Myctagged form were used for co-immunoprecipitation (IP) experiments,
leading to the identification of Glcyclin 3977/14488/17505 and Glcyclin
3977/22394/6584 as binding partners for GlCDK1 and GlCDK2,
respectively. IP extracts of all three cyclins for GlCDK1 demonstrated kinase
activity for histone H1, whereas only the IP extracts prepared from Giardia
expressing Glcyclin 22394 or Glcyclin 6584 along with GlCDK2 showed
kinase activity towards histone H1. Altogether, these results suggested that
GlCDK1 is a mitotic CDK that functions at G2/M phase, whereas GlCDK2
plays a role in DNA synthesis at S-phase Moreover, Glcyclin 3977 functions
with GlCDK1 during mitosis and cytokinesis, whereas Glcyclin 22394 and
Glcyclin 6584 are cognate partner for GlCDK2 functioning in DNA
synthesis.

Most species in the family Symbiodiniaceae are symbiotic partners to
invertebrate and protist hosts, but a few live freely in water columns. Here, a
free-living dinoflagellate was isolated from the waters o the Dokdo Islands in
the East Sea of Korea. Morphological and molecular analyses show this
isolate belongs to Effrenium voratum. Prior to the present study, E. voratum
had been reported to live in the waters in the temperate latitudes in the
western North Pacific, the southwest Western Pacific, the eastern North
Pacific, the eastern Atlantic, and the Mediterranean Sea. To our knowledge,
this is the highest latitude in the western North Pacific, where E. voratum
has been reported. This report extends the known range of this dinoflagellate
to the temperate waters of the western North Pacific Ocean. The sequence of
the D1/D2 region of the large subunit ribosomal DNA (LSU rDNA) was
identical to E. voratum found in Jeju Island, Korea, Tsushima Island, Japan,
and Cook Strait, New Zealand, suggesting this species is cosmopolitan.
However, it was dierent by 1 bp from those found in Blanes, Spain and Santa
Barbara, USA. In the phylogenetic tree built on the basis of the LSU (D1-D2)
rDNA region sequences, this dinoflagellate was clustered within a clade,
including all the other E. voratum strains. Morphological characteristics
were like those of strains found in the waters of Jeju Island. This is the first
report conducted on the fatty acid profile of fully characterized E. voratum.
Importantly, the isolate possessed a high ratio of long-chain omega-3
polyunsaturated fatty acids (PUFAs) such as eicosapentaenoic acid (EPA)
and docosahexaenoic acid (DHA) relative to total lipid. This dinoflagellate
could be a candidate for commercial applications, such as aquaculture feed
and essential omega-3 PUFA productions
Keywords: Dinoflagellate, dokdo islands, fatty acid
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Identification of Target Genes of Encystation-Induced
Transcription Factor Myb2 via a Two-Step Knockout
Mutagenesis in a Tetraploid Protozoan, Giardia lamblia

Identification of Kinesin-13 as a Target of Polo-Like
Kinase in Giardia lamblia
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Kinesin-13 (Kin-13), a depolymerizer of microtubule (MT), was known to
affect the flagella length in Giardia. Immunofluorescence assays of Giardia
trophozoite using anti-G. lamblia Kin-13 (GlKin-13) antibodies showed
labeling of axonemes, flagellar tips and a median body where is also localized
by phosphorylated form of G. lamblia polo-like kinase (GlPLK), one of the
mitotic kinases. Interaction between GlKin-13 and GlPLK was proven using
co-immunoprecipitation experiments using transgenic cells expressing
c-Myc epitope-tagged GlKin-13 and hemagglutinin (HA)-tagged GlPLK
and in vitro-synthesized GlKin-13 and GlPLK proteins. In vitro-synthesized
GlPLK showed auto-hosphorylation activity upon incubation with 32P-gATP and upon an incubation with GlKin-13, both proteins were labeled
with 32P. Morpholino-mediated depletion of both GlKin-13 and GlPLK
caused an extension of flagella and a decreased volume of median bodies.
These results suggested that GlPLK1 plays a role in formation of flagella and
median bodies by modulating activity of GlKin-13 via phosphorylation.

Gene manipulation techniques for gene knockout using CRISPR/Cas9 have
been developed, but complete removal of a specific gene was not feasible for
Giardia lamblia with tetraploid genome. Through two sequential CRISPR/
Cas9 experiments based on homologous recombination, four G. lamblia
myb2 (glmyb2) alleles in its genomes were removed, which encodes a
transcription factor showing encystation-induced expression. Characterization
of null glmyb2 mutant indicated the loss of functions related to encystation,
i.e., cyst formation, and expression of cyst wall proteins. The addition of
wildtype glmyb2 gene into the null mutant restored the defects in encystation.
Chromatin-immunoprecipitation experiment using anti-GlMyb2 antibodies
revealed dozens of target genes. The validation of 23 candidate genes as a
GlMyb2 regulon was performed by comparing the transcript level for each
target candidate in wild type and knockout mutant. The promoter region of
glcwp1 (G. lamblia cyst wall protein 1), one of the GlMyb2-target genes was
analyzed by site-directed mutagenesis of putative GlMyb2 binding sites
present in glcwp1 promoter-luciferase reporter. This study led us to confirm
that GlMyb2 acts as an activator during encystation in G. lamblia.

Keywords: Giardia lamblia, GlKin-13, GlPLK, flagella, median body
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Biosensor Construction to Identify Substrate Regulatory
Promoters in Carbon Monoxide Utilizing Acetogen,
Eubacterium limosum KIST612

Ecological Niche and Electron Transfer Mechanism of
Shewanella oneidensis MR-1 in Microbial Fuel Cell Driven
Electrochemically Active Biofilm
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Eubacterium limosum KIST612 is an acetogenic strain which has a
metabolic versatility on substrate availability. While some genetic tools exist
for working for E. limosum KIST612, but a tightly regulated inducible
promoter system is currently lacking. Therefore, we constructed a vector
system for the identification of inducible promoters with substratedependent regulated. Inducible promoter candidates were secured through
prediction of the Inducible gene’s operon. To measure transcriptional
regulation of selected inducible promoter, GUS reporter gene was placed
downstream of the inducible. The inducible promoter can be confirmed
through GUS activity in a specific substrate condition. We selected a total of
25 genes induced in CO, H2/CO2 conditions based on transcriptome data
and confirmed through RT-PCR whether the genes show a significant
difference in transcriptional levels under specific substrate conditions. Of
these, 15 genes showed significant differences in transcription levels. An
inducible promoter region was obtained through operon analysis of 15
genes, and the inducible promoter was inserted upstream of the GUS to
construct the vector. The secured inducible promoter will be a useful tool for
gene regulation and protein expression studies in E. limosum KIST612.

Microbial fuel cells (MFCs) are systems that convert chemical energy into
electrical energy using electrochemically active bacteria as biocatalysts. In
MFC, the anode acts as a terminal electron acceptor during the oxidation of
the organic material used as fuel. Electrochemically active bacterial species
form a biofilm on the surface of the anode to meet the demands of terminal
electron acceptors and transfer electrons to the electrodes via an extracellular
electron transport system. The ecological niche of EAB in biofilms is related
to the distance between the microbe and the electrode. Therefore, biofilm
formation and microbial EET systems are key factors in MFC development.
In this study, it is proposed that the electron transport system between the
electrode and the cell exhibits different trends depending on the distance
from the electrode of the microorganism in the biofilm.
Keywords: Microbial fuel cell, biofilm, electron transfer system
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Transcriptom-Based Functional Analysis of SporeSpecific Transcription Factors in Aspergillus species

Behavioral and Physiological Study of Amino Acids Taste
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The complexity of amino acid taste is likely due to the structural variety of
these compounds, including amino acids with carboxyl groups, amine
groups, and side chains with alkyl or aromatic groups. Polar amino acids
such as Ser, Thr, Gln, Cys, Arg, and Lys are generally attractive or slightly
attractive, whereas the remaining amino acids are neutral. Further, half of
the non-polar amino acids (Gly, Ala, Pro, Phe, and Met) are attractive,
whereas the rest (Leu, Ile, Val, and Trp) are slightly aversive. This does not
necessarily indicate that polarity itself affects behavioral preference. Instead,
the presence of long chain or branched chain amino acids such as Trp are
likely the reason for the aversive or neutral responses of flies. Moreover,
attraction and aversion might also be determined by amino acid molecular
weight. For instance, low molecular weight amino acids appeared to be more
attractive to flies. Further, various extrinsic and intrinsic factors such as
hydrophobicity, molecular weight, structural complexity, and side chain
length might also be important drivers of taste-mediated attraction and
aversion. Some amino acids such as Arg and Phe are attractive despite
having higher molecular weight. In nature, these amino acids are essential to
support growth, development, and protein synthesis, as well as for reducing
stress. Mammals also perceive Gly, Ala, Ser, Pro, and Thr as sweet-tasting
compounds. Other amino acids such as Val, Leu, Ile, and Trp are aversive in
both flies and mammals.

Aspergillus, a filamentous fungus that makes up the majority of airborne
fungi, reproduces primarily by forming asexual spores called conidia. The
process of making conidia is regulated by various transcription factors
(TFs). Although previous studies have shown that some TFs, such as VosA,
VelB, and WetA, mediate conidia formation and maturation, there are still
unexplored TFs for conidiogenesis. Therefore, we performed transcriptome
analysis of conidia and hyphae in three Aspergillus spps and subsequently
analyzed the function of putative spore-specific TFs in Aspergillus nidulans.
Afterwards, we identified twenty-two spore-specific TFs and each deletion
mutant was phenotypically analyzed in A. nidulans. Among them, we
characterized one of the spore-specific-C2H2 zinc finger A SscA in A.
nidulans. The ΔsscA mutant showed defective conidiation, sexual
development, and reduced conidia viability in A. nidulans. The ΔsscA
mutant conidia were more sensitive to various stresses than wild-type
conidia. And the amount of trehalose in the ΔsscA mutant was decreased
compared to that of the WT. On the other hand, deletion of sscA caused
induced germ tube formation with or without glucose and increased the
amount of β-glucan in ΔsscA mutant conidia compared to wild-type
conidia. Absence of sscA led to increase the amount of sterigmatocystin in
conidia. Furthermore, transcriptome data suggested that SscA affected the
mRNA expression of various genes in A. nidulans conidia. Interestingly,
deletion of sscA resulted in alterations of gene expression involved in the
response of conidia to stimuli and stress. The mRNA levels of β-glucan
biosynthesis gene and sterigmatocystin gene cluster were upregulated in
sscA mutant conidia. In addition, we confirmed that the roles of SscA in
conidia were conserved in A. flavus and A. fumgiatus. Overall, these results
suggest that SscA is a spore-specific transcription factor, essential for proper
asexual and sexual development, conidia maturation, conidia stress
tolerance and secondary metabolites in A. nidulans. And the functions of
SscA in conidia are conserved in three representative Aspergillus spp.

Keywords: Amino acid, attraction, aversion
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Comparative Analysis of Several Histdne Kinases That
Modulate Development Progression in Myxococcus
xanthus
Bongsoo Lee1,2 and Penelope I. Higgs2,3*
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The M. xanthus development program is tightly controlled by a series of
temporally regulated signals that must be coordinated and integrated to
ensure proper fruiting body formation and sporulation. Previous research
independently demonstrated several two component signal transduction
genes that influence the timing of development and sporulation in M.
xanthus: espA, espC, redCDEF and todK. Mutants in these genes cause cells
to aggregate and sporulate earlier than wild type and result in fruiting bodies
that aresmall, numerous, and disorganized. To understand the network of
developmental checkpoints controlling progression hrough the developmental
program, we created several isogenic combinations of mutants and
performed comparative phenotypic analysis of development. Phenotype
and sporulation assays for each single mutant and combination of mutants
suggest that there are at least three developmental pathways that control
development progression. Through these analyses, we also observed that
early spore formation correlated with a decrease in fruiting body organ
ization, suggesting that modulation of progression through developmental
program is necessary for coordinated social behavior.
Keywords: Myxococcus xanthus, histidine kinase, development
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Inverse Relationship between the Degree of IscR
Expression and the Cellular Levels of Ferrous Ions:
Implication in the Pathogenic Interactions within Host
Environments

Metabolomic and Transcriptomic Analyses of L-Fucose
Utilization by Escherichia coli
May Thu Soe, Yu Eun Cheong, and Kyoung Heon Kim*
Department of Biotechnology, Graduate School, Korea University,
Seoul 02841, Republic of Korea

Young Jin Song and Kyu-Ho Lee*
Molecular Microbiology and Biofilm Lab., Department of Life Science,
Sogang University, Republic of Korea

The major monomeric sugar in brown algae, L-fucose possesses high
potential for use in the large-scale production of bio-based products owing
to its high abundance in diverse environments. Escherichia coli, one of the
representative microorganisms in the industrial production of various
chemicals, and the evaluation of the effects of fucose as a carbon source on
intracellular metabolism in E. coli become an interesting subject that is still
not yet identified although fucose catabolic pathways have been
enzymatically evaluated. Comparative metabolomics and transcriptomic
analyses which reveal gene expression levels were performed on E. coli on
L-fucose and on D-glucose as a control to elucidate the effects of fucose on
cellular metabolism and efficient conversion of fucose into bio-based
products. When fucose was used as the carbon source for E. coli, integration
of the two omics analyses revealed that excess gluconeogenesis and quorum
sensing led to severe depletion of ATP, resulting in accumulation and export
of fucose extracellularly and changes in metabolite profiles and upregulation or down-regulation of gene expression, indicating metabolic
engineering and optimization are needed for E. coli to more efficiently
ferment fucose. This is the first multi-omics study investigating the effects of
fucose on cellular metabolism in E. coli, one of the representative
microorganisms in the industrial production of various chemicals. These
omics data and their biological interpretation are beneficial for metabolic
engineering of E. coli, producing bio-based products using fucosecontaining brown macroalgae.

IscR, a well-known transcription factor controlling the expression of the
systems mediating the synthesis of iron-sulfur clusters, is also involved in
transcriptional activation of various virulence factors in Vibrio vulnificus.
Thus, the successful infection by this pathogen requires the appropriate
levels of IscR upon entering the hosts, where the available iron ions are
critically limited. In a model pathogen, V. vulnificus, its cellular IscR level
was maximal at the mid-exponential phase and then drastically decreased to
undetectable level after this phase. This stationary-phase repression of the
iscR expression was mainly achieved at the transcriptional level via binding
of the holo-Fur to the iscR promoter region. During the stationary phase,
the holo-Fur proportion was increased as the cellular levels of ferrous ions
significantly increased, which appeared to be mediated by the induced
activities of both the specific uptake of ferrous ions and the reduction of
ferric to ferrous ions. Therefore, this study proposes that the degree of iscR
expression is tightly controlled through the ferrous ion concentrationdependent transition of the states of Fur protein between apo- and holoforms.
Keywords: IscR, fur, ferrous ion
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Analysis of Fungal Diversity in Gastrodia elata Farm Soil
with Tuber Rot Disease

Potential Etiological Factors Revealed by Comparative
Comparative Genomic Analysis with Fusobacterium
Genomes and Metagenomes
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Fusobacterium genus is a rod-shaped Gram-negative anaerobe and is part of
normal human microbiome. Among Fusobacterium, F. nucleatum has been
extensively studied in terms of pathogenic roles in diverse diseases, and
some virulence factors such as FadA and Fap2 were revealed to participate
in inflammation and colorectal carcinogenesis. However, non-nucleatum
Fusobacterium species remain relatively unexplored. Thus, we compared
entire functional capacity of available Fusobacterium genomes, and analyzed
pan-genome to understand the adaptation of Fusobacterium to human gut.
We collected 231 isolate genomes and 609 metagenome-assembled genomes
from public databases to dissect genetic factors associated with host gut
environments. Then, we manually curated available metadata such as health
status, body mass index, age, and geographic information from 41 projects.
The genomes were filtered by criteria ≥80% completeness and ≤5%
contamination, resulting in 527 refined genomes. Phylogenetic trees were
constructed based on core and/or accessory genome. Furthermore, the trees
were analyzed with gene annotation and host condition metadata to
discover whether specific clades are associated with genes or metadata
attributes. Fusobacterium genomes were clustered by functional differences.
To validate genomic analysis and discover potential etiological agents, we
performed comparative metagenomic analysis using colorectal Cancer
metagenomes.

Gastrodia elata (G. elata) is a perennial parasitic herb cultivated mainly in
Korea and China, and it has been used as medicine and food. However, the
tuber rot disease of G. elata has recently been reported a major problems
reducing its yields in Korea and China. In this study, metagenomic analysis
was used to characterize the fungal community in the soils surrounding
rotting tuber of G. elata. For high-throughput sequencing, the fungal
genomic DNA (gDNA) isolated from the infected soil was amplified using
the internal transcribed spacer (ITS)-barcoding amplicon sequencing
approach. The taxonomic classification of fungus sequncing data had
investigated after sequence quality control processing. We identified
Basodiomycetous fungi were in the top rank and highly predominant in
infected soil in comparison with the normal soil. Most of them consisted of
three fungal species, Mrakia frigida (37.90%), Guehomyces pullulans
(31.41%), and Cystofilobasidium capitatum (11.2%). These fungal species
are well known as pectin-degrading yeast at low temperature, and have been
extensively used in food and textile industries. Therefore, it is suggested that
the fungal species might play an important role as a decomposer in the
matter soils from G. elata tuber rot. Thus, in order to improve the growth
environment of G. elata, further studies are needed to understand the
interaction between these yeast and pathogenic fungi.
Keywords: Gastrodia elata, metagenome, tuber rot disease
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Comparative Genome Analysis of Leuconostoc strains
Which Produce Prebiotic Oligosaccharides

Urban Metagenomics Uncovers the Microbial
Communities and Antimicrobial Resistance Genes in
Mass Transit Systems in Seoul, South Korea
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Leuconostoc spp. have great biotechnological potential due to their produc
tion of carbohydrate-active enzymes, oligosaccharides, and exopolysaccharides.
This study showed the comparative analysis of Leuconostoc mesenteroides
SG315, L. citreum SG255, L. lactis CCK940, and L. lactis SBC001 using their
draft genome sequences. Differences among the four strains were analyzed
using the average nucleotide identity, dot plot, and multiple alignments of
conserved genomic sequences. Functional profiling revealed 2134, 1917,
1751, and 1816 open reading frames; 2023, 1823, 1655, and 1699 proteincoding genes; 60, 57, 83, and 82 RNA-coding genes; and GC content of
37.46%, 38.78%, 43.33%, and 43.15%, in strain SG315, SG255, CCK940, and
SBC001, respectively. The total number of genes encoding carbohydrateactive enzymes were 76 (strain SG315), 73 (strain SG255), 57 (strain
CCK940), and 67 (strain SBC001). These results indicated that the four
strains shared a substantial number of genes, however, their gene contents
differed. This study elucidated the oligosaccharide utilization and folate
biosynthesis pathways in Leuconostoc spp. Taken together, this study
provided useful information on the genomic diversity of CAZymes in the
four Leuconostoc species.

Mass transit systems are important environments for studying the urban
microbiome since the high density of the population uses public transportation
in urban areas. In this study, we used the shotgun metagenomic sequencing
to profile the microbial communities of subway stations and bus stops in the
Seoul mass transit systems as well as to investigate the wide-spectrum
antibiotic resistance genes (ARGs). All surfaces in both subways and buses
were dominated by potential human pathogen Salmonella enterica and
human skin bacteria Cutibacterium acnes. The subway microbiome was
associated with bacteria present in the human oral cavity and respiratory
tract, while the bus microbiome was associated with bacteria present in the
soil, water, and plants. We also observed that temperature had significant
effects on microbial diversity. Furthermore, we detected 41 unique ARG
subtypes that are associated with clinically important antibiotic drugs
including aminoglycosides, carbapenem, glycopeptide, sulfonamides, and
multi-drug resistance class, in agreement with the antibiotics extensively
used in humans. Here, we revealed that the urban transit microbiome was
found to be a reservoir of potential human pathogens and ARGs.

Keywords: Comparative genomics, Leuconostoc strains, oligosaccharides

Keywords: Antimicrobial resistance, microbiome, urban transit
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Genomic Analysis and Metabolic Reconstruction of the
Degradation of Aromatics by Cupriavidus cauae Strain
PHS1
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Donghyuk Kim1,2*
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Benzene, toluene, ethylbenzene, and xylene, collectively known as BTEX
compounds are toxic and ubiquitously present across the environments.
Ralstonia sp. PHS1 strain, which was previously known as a degrader of
BTEX compounds, is reclassified to Cupriavidus cauae PHS1 based on its
newly sequenced genome. Like other Cupriavidus species, PHS1 has two
circular chromosomes. BTEX-degrading gene cluster, which is expected to
have been acquired horizontally, consists of two toluene monooxygenase
(TMO) and meta-cleavage genes. Each of the genes was compared at protein
sequence and structure level across the species. As a result, experiment
results and the predicted structures of TMOs are most similar to those of
Pseudomonas stutzeri OX1. Genome-wide investigation of the PHS1 coding
sequence, and experimentally confirmed regioselectivity of TMOs and
catechol 2,3-dioxygenase enable the reconstruction of BTEX compounds
utilizing pathway. Biodegradation of BTEX starts from aromatic ring
hydroxylation, followed by ring cleavage, and eventually connects with core
carbon metabolism. Predicted protein multimer structures based on
information of structural homologs and AlphaFold multimer pipeline
suggest the cooperative architecture of BTEX-degrading pathway enzymes.
Keywords: Microbial genome, comparative analysis, biodegradation
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Comparative Genomic Analysis of Biosynthetic Gene
Clusters in Probiotic Lactic Acid Bacteria to Identify
Genomic and Functional Features

Occurrences and Distribution of Mobile Antibiotic
Resistome in the Nakdong River
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Kim
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Antibiotic resistance poses a major threat to human health around the
world. The environmental microbiome is known as a reservoir of antibiotic
resistance genes (ARGs), and shotgun metagenomics-based approaches
developed the ARGs studies such as transmission rout of ARGs and
horizontal gene transfer mechanisms. Although the monitoring ARGs in
the environment is important, there is a little study of environmental
ARGs in Korea. Therefore, we investigated the distribution of resistome in
the Nakdong River a continuous aquatic ecosystem through shotgun
metagenome sequencing. Ten sites of Nakdong River were selected and
freshwater samples of each site were collected for 4 times during a month.
The streptomycin and sulfonamide antibiotic resistance genes occurred
across the whole spatiotemporal continuum. Surprisingly, carbapenem
resistance gene also appeared in the river sample. Overall, our results show
that a number of widespread ARGs in the Nakdong River and their
interactions with aquatic microbial ecosystem.

Lactic acid bacteria (LAB) have been highlighted as probiotic strains. The
functionality and safety of the probiotics LAB strain are closely related to the
specific secondary metabolites (e.g. bacteriocin) produced by the strain.
Many secondary metabolite synthesis genes often exist in biosynthetic gene
clusters (BGCs) in the genome. Despite the close relationship between the
functionality of probiotics strain and its genomic biosynthetic gene clusters,
comparative genomic analysis of the biosynthetic gene cluster of probiotics
LAB is not completely surveyed yet. In this study, we performed comparative
analysis of 4,542 secondary metabolite BGCs extracted from 403 probiotics
related genomes. The 403 genomes encompass 19 probiotics strains
announced by the Korean Ministry of Food and Drug Safety, and the
remaining genomes were selected from 9 genera including the announced
strains. We collected the evolutionary conserved BGCs in LAB and
identified the potential BGCs related to the functionality and safety of the
probiotics LAB. Our analysis suggests that biosynthetic gene clusters can be
utilized as a probe to access prediction and evaluation of probiotics
functionality.

Keywords: Antibiotic resistance genes, shotgun metagenomics, resistome
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Investigation of Antibiotic Resistance Gene with Mobile
Genetic Elements from Jeju Environment Using LongRead Based Analysis

Relative Abundance and Correlation Analysis between
Microbial Communities during Fermentation of Traditional
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Jeju region encompasses numerous primary industries which operate and
utilize antibiotics to a great extent. Antibiotics are used for various purposes
such as disease prevention and growth promotion of livestock. However,
remaining non-degraded antibiotics disseminate in the fecal, effluents, and
wastewater expediting to the emergence of antibiotic resistant bacteria
(ARB) and antibiotic resistance genes (ARGs) in the environment. In this
study, we performed antibiotics susceptibility test to isolate antibiotic
resistant bacteria from groundwater, livestock (chicken, cow, and pig) and
human feces for monitoring ARGs. Long-read based whole genome
sequencing (WGS) was carried out by selecting the strain containing most
multi drug resistance gene (MDR) using Oxford nanopore sequencing
(MinION). The results showed that pig fecal samples had the most MDR
bacteria. Moreover, the bacteria resistant to more than 10 antibiotics were
also found in the groundwater samples. The aadA2, aph (3’’)-Ib, aph (6)-Id,
sul1, sul2, TEM-1, tet (A), and floR resistance genes were detected in both
livestock fecal and groundwater. The ground water data confirmed the
presence of fecal derived pathogen, Samonella enterica subsp. enterica,
suggesting fecal contamination in ground water. Our study shows the need
for further monitoring of ARBs and ARG in Jeju environment and can
expand resistome research using long-read based WGS analysis.

With the development of the soy sauce (Jang) industry, the production of the
improved meju is increasing to allow consistent quality and taste by using
starter strains. However, the preference for the diversity of traditional
Korean meju produced through natural fermentation meets consumers’
demands, and from this point of view, scientific understanding of traditional
meju production is still important. In this study, meju produced by natural
fermentation in the southern region of Korea was collected according to the
fermentation period, and the composition of bacteria and fungi communities
was confirmed. Bacteria and fungal communities were analyzed using
amplicon-based metagenomics targeting 16S rRNA and ITS regions,
respectively. The number of high-quality reads were 252,666 and 1,326,231
for bacteria and fungi sequence reads. Weissella, Lactobacillus, Alicyclobacillus,
and Rhodococcus were dominant in the bacterial community, and Mucor
and Cladosporium were present with high abundance in the fungal
community. Based on the correlation analysis with Spearman method,
positive correlation between Weissella and fungi was confirmed, and
Bacillus showed negative correlation with fungus Fusarium. These results
are considered to be significant in providing basic information for research
on the interplay between microorganisms which is highly involved in the
quality characteristics of naturally fermented meju.

Keywords: Antibiotic resistance gene, mobile genetic elements, MinION
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Genome Sequencing of Cohnella herbarum KACC 21257,
a Novel Species Isolated from Fermented Juice of Wild
Grasses

Genome Analysis and Functional and Safety Research of
Industrial Animal-Derived Gut Microbiome
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Fermented wild grass juice is made from plants distributed in the production
area, and various microorganisms are involved in fermentation for each
fermented juice. We screened bacterial microorganisms isolated from a
fermented juice and isolated novel strain KACC 21257T based on the 16S
rRNA sequencing. The 16S rRNA gene sequence of strain KACC 21257T
showed the sequence similarity of 98.3% and 97.8% with Cohnella luojiensis
HY-22RT and Cohnella endophytica M2MS4P-1T. And also we performed
genomic analysis to investigate the genetic diversity of strain KACC 21257T.
According to the genomic analysis, the genomic G+C content of KACC
21257T was 50.7 mol%. The orthologous average nucleotide identity, digital
DNA-DNA hybridization and average amino acid identity values of strain
MFER-1T with the most closely related species, Cohnella luojiensis CCTCC
AB 208254T, were 76.9%, 21.6% and 75.5%, respectively. Genome analysis
using RAST annotation was confirmed 1,911 subsystems in strain KACC
21257T.

In this study, sequencing was performed with a nanopore-based long-read
sequencing platform for 23 intestinal microbial strains received from the
Korea Atomic Energy Research Institute, and genome analysis was
performed. In the case of microorganisms isolated from the intestine, it is
difficult to identify strains using only the 16S rRNA nucleotide sequence. In
addition, since there is a possibility of horizontal movement of gene, analysis
at the genome level is necessary. It is required for the identification of strains
using comparative genomic analysis, safety evaluation (antibiotic resistance
and virulent factors), and functional gene search. Among the 23 strains,
AGMB 03664, AGMB 02846, AGMB 01124 were selected as excellent
strains for anti-inflammation and enzyme production. Based on ANI
(Average Nucleotide Identity) analysis, identification was carried out
through comparative genome analysis with genomes registered in NCBI. As
a result, it was confirmed that virulent factors and antibiotic resistance genes
were not detected in all selected strains and that they had functional genes.
Through genome analysis, it is expected to contribute to the development of
products by analyzing the characteristics of the strain.

Keywords: Genome sequencing, Cohnella herbarum
[This study was carried out with the support (PJ016776) of National Institute
of Agricultural Sciences, Rural Department Administration, Republic of
Korea.]
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Comparison of Bacterial Carbapenem Resistance Genes
and Carbapenem Resistance Genes Abundance by
Metagenome Analysis in Hospital and Community
Wastewater

Pan-Genome Analysis-Based Primer Design for
Diagnosing Streptococcus pneumoniae and its Validation
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Due to the presence of more than ninety serotypes in Streptococcus
pneumoniae, traditional phenotypic assays can lead atypical results. Thus,
molecular assays for diagnosis of S. pneumoniae have been used as an
alternative. However, frequent genetic exchange between S. pneumoniae
and other non-virulent streptococci has limited specific S. pneumoniae
detection. To differentially diagnose S. pneumoniae from other streptococci,
we used pan-genome analysis tool identifying the specific genes of S.
pneumoniae. A total of 459 streptococci genomes including S. pneumoniae,
S. pseudopneumoniae, S. mitis, and S. oralis, downloaded from the NCBI
RefSeq, were dereplicated and clustered based on the genetic similarity
among the four species. The dRep-clustering revealed S. pneumoniae and S.
pseudopneumoniae has the highest similarity among the species. The
genome data of these two close species were further analyzed to identify S.
pneumoniae specific genes by roary, a popular pan-genome analysis tool,
identifying the core and accessory genes. Fifty of S. pneumoniae specific
genes extracted by roary, followed by BLAST score ratio analysis to obtain
final nine candidate genes. The nine specific primer sets targeting the
candidate genes were validated by in silico PCR, and further experimental
validation was conducted by qPCR. The qPCR experiments using all of the
nine primer sets successfully detected all 31 strain of S. pneumoniae isolated
from sputum of pneumonia patient, and could detect differentially from
other three streptococci. Our approach paved the way to enable to design
the primer targeting S. pneumoniae specific genes determined by pangenome analysis and could contribute to minimizing false-positive detection.

Wastewater is a reservoir of microorganisms, and environmental factors
may change the microbial community and the diversity of antibioticresistant bacteria. This study compared the carbapenem resistance genes
abundance by metagenome analysis and the bacterial carbapenem resistance
genes in community wastewater. The microbial communities were analyzed
by QIIME2 with 16S amplicon sequencing data. Antibiotic resistance genes
(ARGs) by metagenomic shotgun sequencing were normalized with the
CARD database. Wastewater samples were taken at sequentially located
6 sites of sewage pipelines from a hospital wastewater treatment plant
(WWTP) to a community WWTP. Carbapenem-resistant bacteria were
isolated using a Chromagar KPC medium. The microbial communities were
similar among sewage points and class Bacteroidia and Clostridia were high
in hospital effluent (point 1). The ratio of beta-lactam and MDRs genes was
the highest at all points. The abundance of the blaGES gene was dominant at
all points, and the bacterial carbapenem resistance genes at sampling point
1 were diverse. A total of 243 carbapenem-resistant bacteria were isolated,
and 142 (58.4%) harbored the carbapenemase resistance gene. Among
them, the strains carrying the blaGES were most dominant (82/243, 33.7%)
followed by blaNDM (37/2453, 15.2%). In the overall aspect, the abundance of
carbapenem resistance genes was not significantly different when compared
with the bacterial genotypes.
Keywords: Community wastewater, carbapenem-resistant bacteria, abundance
of carbapenem resistance genes

Keywords: Streptococcus pneumoniae, pan-genome analysis, qPCR
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Comparative Genome Analysis of Veillonella ratti Strains
with Different Effects on Experimental Autoimmune
Encephalomyelitis Mouse Model

Chromosome-level Genome Assembly of Asparaginaseproducing Fungi Trichoderma simmonsii Isolated from
Edible Kelp

Yu-Jeong An1, Seol-A Jang1*, Yun Kyung Lee2*, and Bong-Soo Kim1*

Youngik Yang and Dawoon Chung

1

National Marine Biodiversity Institute of Korea, Seochun-gun,
Chungchungnam-do, Republic of Korea

Department of Life Science, Multidisciplinary Genome Institute, Hallym
University, Chuncheon, Gangwon-do 24252, Republic of Korea,
2
Soonchunhyang Institute of Medi-bio Science, Soonchunhyang University,
Cheonan 31151, Republic of Korea

Trichoderma simmonsii is a newly described fungal species belonging to the
Harzianum clade, mostly isolated from decaying bark and decorticated
wood. During the screening for asparaginase-producing fungi, we observed
that T. simmonsii GH-Sj1 strain isolated from edible kelp produced
asparaginase. To perform genomic studies, we generated ~14 Gb of
sequencing data using Illumina and Oxford Nanopore technologies. The
assembled genome was ~40 Mb in length and had a GC content of 48.13%.
The genome assembly was in high quality, consisting of seven telomere-totelomere scaffolds without sequencing gaps, where the N50 length was 6.4
Mb. The total number of protein-coding genes was 13,120, constituting
~99% of BUSCO with regard to fungi_odb10 gene groups. The genome
harbored 176 tRNAs, which encode a full set of 20 amino acids. In addition,
it had an rRNA repeat region consisting of seven repeats of the 18S-ITS15.8S-ITS2-26S cluster. Through a close homology search and PFAM domain
search, seven putative asparaginase-related genes were identified, of which
three were up-regulated under asparaginase-rich conditions. We believe the
high-quality T. simmonsii genome will be a valuable resource for the further
study of enzymatic activities, including that of asparaginase, as well as
comparative studies of fungal genomes.

Microbiome plays important roles in human health and diseases. Potential
beneficial microbes have been screened based on the comparison of
microbiome between healthy control and patients. However, biochemical
properties of microbes are different even within the same species. In this
study, we compared whole genome sequences of three Veillonella ratti
strains (MHL_042, MHL_057, and MHL_067) isolated from healthy
children, which showed different effects on the experimental autoimmune
encephalomyelitis (EAE) mouse model. Whole genome sequences for three
strains were obtained using the Pacbio platform and compared genetic
features among strains. Genome size and GC contents of three strains were
2,618,017 bp, 42.7% (MHL_042), 2,524,962 bp, 42.9% (MHL_057), and
2,526,005 bp, 42.9% (MHL_067). The numbers of annotated genes were
1260 (MHL_042), 1261 (MHL_057), and 1261 (MHL_067). The similarity
of genome sequences between MHL_042 and MHL_057 was 99.32%,
between MHL_042 and MHL_067 was 99.33%, and between MHL_057
and MHL_067 was 100%. These genetic differences could be a reason of
different effects on EAE model. We are analyzing key gene contents for a
beneficial effect on EAE model. Results in this study help to understand the
beneficial effects of V. ratti on EAE mouse model (grant number2021R1A6A1A03044501).

Keywords: Telomere-to-telomere assembly, comparative genome analysis,
asparaginase

Keywords: Veillonella ratti, EAE (experimental sutoimmune
encephalomyelitis), genome
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Complete Genome Sequence of Bacillus velezensis JJ47
Isolated from Rhizosphere Soil

Construction of a New Shuttle Vector Based on a Cryptic
Plasmid from Tetragenococcus halophilus

Seunghwan Kim, Seongho Ahn, Daseul Lee, and Chang-Muk Lee*

Minjae Kim1 and Jeong Hwan Kim1,2*

Agricultural Microbiology Division, National Institute of Agricultural
Sciences, Rural Development Administration, Republic of Korea
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Division of Applied Life Science (BK21 Four), Graduate School,
Institute of Agriculture and Life Science, Gyeongsang National University,
Jinju, Republic of Korea
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Bacillus spp. play important roles in production of bioactive natural
products with potential agricultural. Bacillus velezensis strain JJ47 was
isolated from rhizosphere soil of the lettuce plant and identified as B.
velezensis based on phylogenomic analysis. Genome sequencing revealed
that JJ47 contained a single circular chromosome 3,929,792 bps in length,
with 3,975 predicted genes and an average GC content of 46.5%. Genome
analysis revealed 12 putative biosynthetic gene clusters including the
surfactin, difficidin, and fengycin. The genome analysis would provide new
insights to the diversity in genetic elements for secondary metabolites.

A cryptic plasmid, pTH32, was isolated from Tetragenococcus halophilus 32,
an isolate from Jeotgal, and characterized. pTH32 was 3,198 bp in size with
a G+C content of 36% and contained four open reading frames (ORFs).
ORF1 and ORF2 were 456 bp and 273 bp in size, respectively, and their
translation products exhibited 91.61% and 100% identity with the replication
initiation protein of plasmid from Tetragenococcus halophilus, respectively.
ORF3 and ORF4 encoded a putative hypothetical protein of 186 and 76
amino acids, respectively. A Tetragenococcus-Escherichia coli shuttle vector,
pMJ33E (7.3 kb, Emr), was constructed by ligation of pTH32 with
pBluescript II KS(+) and an erythromycin resistance gene (ErmC). pMJ32E
was introduced by electroporation method and successfully replicated in
Enterococcus faecalis 29212 and Tetragenococcus halophilus 31. Further
works are underway, which include transformation of other lactic acid
bacteria (LAB) and a target gene expression in transformed LAB hosts.

Keywords: Bacillus velezensis, complete genome sequence, secondary
metabolite

Keywords: Tetragenococcus halophilus, pMJ32E, shuttle vector
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Purification and Characterization of Methionine
Aminopeptidase (MetAP) from Tetragenococcus
halophilus CY54

Effect of PM2.5 Concentration on Airborne Bacterial
Diversity in Seoul during 2018 Winter

Taejin Kim1 and Jeong Hwan Kim1,2*

Department of Environmental Science and Engineering, Ewha Womans
University, Seoul 03760, Republic of Korea

Sookyung Kang, Geunhee Kim, Ji Yi Lee, and Kyung-Suk Cho*

1

Division of Applied Life Science (BK Four), Graduate School,
2
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Jinju 52828, Republic of Korea

While atmospheric particulate matter below 2.5 µm (PM2.5) has been
issued as a serious problem, bacterial diversity in PM2.5 relatively has been
paid little attention. Especially, it is lack of understanding airborne bacterial
community of PM2.5 in Seoul. In this study, DNA was extracted from
quartz filters sampling PM2.5 during winter (Jan/15–Feb/09/2018) in Seoul.
DNA samples were amplified using primers (515F, 806R) for 16s rRNA
region and Go Taq polymerase (Promega, USA). 16S rRNA sequencing was
performed to the Illumina Miseq. To investigate community diversity,
diversity index such as Shannon and Simpson were used. The bacterial
community was sorted according to percentage of phylum having relative
abundance of above 2%. The concentration of PM2.5 were divided into four
groups based on air quality index (AQI) by EPA. Correlativity between AQI
groups and the bacterial diversity were analyzed statistically applying
ANOVA and Spearman’s coefficient. Consequently, the diversity showed a
strong negative correlation with PM2.5 concentration. Spearman’s
coefficients represented -0.68 and -0.62 for Shannon and Simpson index,
respectively. Also, the result of ANOVA analysis for diversity indicated
statistically significant difference among four AQI groups. In conclusion,
this study contributes to basic data for ecological understanding PM2.5
characteristics and managing air quality in Seoul.

Methionine aminopeptidase (MetAP) catalyzes the removal of aminoterminal methionine from protein. A methionine aminopeptidase gene of
Tetragenococcus halophilus CY54 was amplified by using a primer set: mapF
(5′-GTGACGAACATATGATTACGTTAAAATCAA ATAG-3′ NdeI site),
and mapR (5′-AAACTCGAGGTAACTGCCTTCTTCACCTT-3′, XhoI
site). The amplified fragment was ligated into pET-26b(+) and the ligation
mixture was introduced into Escherichia coli BL21(DE3). The resulting
recombinant plasmid, pET-TM54, was introduced into E. coli BL21(DE3)
and the gene was overexpressed by IPTG induction. Recombinant MetAP
was obtained in soluble fraction and purified by using a Ni-NTA column.
The molecular mass of the purified protein was estimated to be 29 kDa by
SDS-PAGE. The temperature and pH optima for the purified protein were
60℃ and pH 5.0, respectively. It is stable within pH range of 5.0-7.0. The
enzyme activity was slightly increased by Fe2+ whereas decreased by Ca2+,
Mg2+, and Zn2+. The Michaelis-Menten constant (Km) and the maximal rate
of hydrolysis (Vmax) were 0.65 mM and 0.06 mM/min, respectively when
H-Met-pNA was used as the substrate.
Keywords: Tetragenococcus halophilus, methionine aminopeptidase (MetAP)

Keywords: PM2.5, airborne bacterial diversity, Seoul
[This study was supported by the National research Foundation of Korea
(NRF) grant funded by the Korea government, the Ministry of Science and
ICT (MSIT) (No. 2022R1A2C2006615).]
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Method for Rapid Detection and Quantification of
Probiotics Based on Pan Genome Analysis
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Do-Hee You, Jeong-Eun Kwak, and Ju-Hoon Lee*
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Institute of Health,Cheongju 28160, Republic of Korea

Department of Agricultural Biotechnology, Department of Food and
Animal Biotechnology, Center for Food and Bioconvergence, Research
Institute of Agriculture and Life Science, Seoul National University,
Republic of Korea

Shiga toxin–producing Escherichia coli (STEC) was first reported in US in
1983, causes hemolytic uremic syndrome (HUS) and severe renal failure.
However, recently, reports of outbreak of non-O157 STEC are increasing.
Among these, HUS outbreaks caused by E. coli O104:H4 were reported in
Germany in 2011, and have been occurring all over the world. These
serotype have been isolated in Korea, but there are few reports of their
genetic information. In this study, we analyzed the whole genome sequence
of five E. coli O104 strains (NCCP 14019, 14055, 14059, 14080, and 14122)
isolates from patients with diarrhea between 2003 and 2005. Analysis was
performed with PacBio and Illumina HiSeq. All 5 strains had the stx2 gene,
and the average GC (%) of the 5 strains was 50.74. The number of contigs of
each strain was 2 or 3 and the genome size of each strain was in the range of
4,819 Kbp to 5,232 Kbp. In pan-genome analysis, strain NCCP 14055
showed 99% similarity to the reference strain, E. coli O104:H4 (211C-3493,
NC_018658.1). From the point of view of a public health and clinical
microbiology, WGS is the most powerful technique for comparing homology
between isolates, confirming the presence or absence of pathogenic genes,
and analyzing similarities. The genetic information for clinical isolates E.
coli O104 can be used as base data for future research on pathogenesis and
treatment.

Probiotics are live microorganisms that survive in the human gut and have
beneficial effects on health. As the demand for commercial products using
probiotics increases due to the well being trends, many products adding
indiscriminate probiotics are being made. In addition, resolution among
closely related species is low, some products provide inaccurate information
of species used. Traditional methods of identifying probiotics require
multiple steps which are time consuming and labor-intensive. For these
reasons, we use real-time polymerase chain reaction (PCR) method to
identify and quantify probiotics based on pan-genome analysis. Using Pangenome analysis, method that compares different sets of genes, we can
differentiate core and unique genes and designate the inherent gene of each
probiotics species. In this study, we aimed to rapid detection and
quantification of the probiotics which are designated by Ministry of Food
and Drug Safety with highly accurate primer and probe sets. To select the
target gene of each bacteria, pan genome analysis was performed with total
1,952 genome sequences to verify the difference between the species and
subspecies. Then primer and probe sets were designed based on target gene
sequence. The primer sets were validated by the methods of singleplex,
crosscheck PCR and the probe sets were validated by the methods of realtime PCR in triplicates. With these novel primer and probe sets, it could
specifically detect and quantify each probiotics strains. Thus our method
contribute to detect accurate strain and establish base of safety evaluation
standards.

Keywords: STEC, E. coli O104, genomic analysis
[This research was supported by a fund (2021-NI-010-01) of Korea National
Institute of Health]

Keywords: Probiotics, real-time polymerase chain reaction, pan genome
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Bacterial Community Structure in Tall Fescue (Festuca
arundinacea) Rhizosphere Soil Contaminated with Heavy
Metals and Diesel

Antibiotic Susceptibility Profiles and Genome Analysis of
Acquire Resistances of Enterococcus spp. Isolated from
the Environment and Crops

Soo Yeon Lee, Yun-Yeong Lee, and Kyung-Suk Cho*

Jeong-Eun Kwak, Joongi Kwon, Soo-Jeong Lee, Hojeong Choi, and
Ju-Hoon Lee*

Department of Environmental Science and Engineering, Ewha Womans
University, Seoul 03760, Republic of Korea

Department of Agricultural Biotechnology, Department of Food and
Animal Biotechnology, Center for Food and Bioconvergence, Research
Institute of Agriculture and Life Science, Seoul National University,
Republic of Korea

The contamination of soil with heavy metals and total petroleum
hydrocarbons (TPHs) have become an environmental pollution due to the
increasing industrialization, agricultural and mining activities. Soil bacterial
communities are susceptible to soil environmental changes caused by
contamination stress. Dynamics of the bacterial community in the rhizosphere
of tall fescue (Festuca arundinacea) were investigated for 60 days. The
structures of bacterial community were analyzed in three kinds of soil
samples (SI, Cu 500 mg/kg+Pb 500 mg/kg+diesel 0 ppm; SII, Cu 500 mg/kg
+Pb 500 mg/kg+diesel 10,000 ppm; SIII, Cu 500 mg/kg+Pb 500 mg/kg
+diesel 30,000 ppm). They were analyzed the 16S rRNA region was
sequenced with an Illumina MiSeq sequencing analysis. Sphinomonas
had the highest abundance in the SI sample for 60 days. In the SII sample,
Castellaniella (7.89%) was the dominant bacterium on day 0, but
Sphingomonas (6.62%) and Cavicella (4.28%) had dominancy on day 60. In
the SIII sample, the dominant bacteria was Acinetobacter (8.03%) on day 20,
and Chthoniobacter (6.61%) showed the highest abundance on day 60. In
the study, the effects of heavy metals and TPHs on the bacterial community
in rhizosphere was characterized. This study can be utilized in the
development of strategies to innovate the rhizoremediation technology of
co-contaminated soil with heavy metals and TPHs.

Antibiotic resistance is a major health problem that is rapidly spreading
worldwide, and scientific interest in the circulation of antibiotic resistance
bacteria are increased. Enterococcus spp. are gram-positive bacteria which
tend to acquire and disseminate antibiotic resistance genes. In this study, 27
Enterococcus spp. were isolated from 4 crops, 3 agricultural waters and 2
sewer near hospital. And then, multidrug resistance Enterococcus spp. were
screened. E. faecalis EN010 isolated from cucumber showed the highest
Minimum inhibitory concentrations value in 4 antibiotics (Clindamycin,
Erythromycin, Minocycline, Tetracycline). Complete genome analysis of E.
faecalis EN010 was conducted and confirmed that ermB (erythromycin
resistance gene), lsa(E) (clindamycin resistance gene) and ANT(6)-Ia
(aminoglycoside antibiotics resistance gene) exist between the IS6 family. To
compare the IS6 family sequence with other strains, downloaded all E.
faecalis complete genome sequences from the NCBI. As a result, we
confirmed that 15 E. faecalis strains include IS6 family region and 4 strains
have similar IS6 family sequence with E. faecalis EN010. These results
suggest the knowledge of the antibiotic resistance-susceptibility profiles of E.
faecalis and provide the genetic basis of their acquired resistance.

Keywords: Tall fescue (Festuca arundinacea), heavy metals and diesel
contamination, soil bacterial community

Keywords: Enterococcus spp., antibiotic susceptibility, genome analysis

[This study was supported by the National Research Foundation of Korea
(NRF) grant funded by the Korea government, the Ministry of Science and
ICT (MSIT) (2019R1A2C2006701).]

M-24
Genome Sequencing of Spirosoma rhododendri KACC
21264, a Novel Species Isolated from a Flower of Royal
Azalea
Miyoung Won, Daseul Lee, Byeong-Hak Han, Soon-Wo Kwon,
Seung-Beom Hong, and Jun Heo*
Agricultural Microbiology Division, National Institute of Agricultural
Sciences, Rural Department Administration, Wanju-gun,
Jeollabuk-do 55365, Republic of Korea
As part of the study on the microbiological diversity of wildflowers dis
tributed in Korea, we collected Royal azalea (Rhododendron schlippenbachii)
and screened bacterial microorganisms. Strain KACC 21264T isolated from
the surface of a royal azalea petal was classified as Spirosoma genus based on
16S rRNA gene sequencing. Strain KACC 21264T shared the highest 16S
rRNA gene sequence similarity with Spirosoma oryzae DSM 28354T
(96.6%). We investigate the genetic diversity and differentiation of strain
KACC 21264T. According to genomic analysis, the genomic DNA G+C
content of KACC 21264T was 55.2 mol%. The orthologous average
nucleotide identity and digital DNA-DNA hybridization values between
strain KACC 21264T and Spirosoma oryzae DSM 28354T were 81.5% and
23.9%, respectively. According to RAST annotation server, 1,358 subsystems
were predicted in strain KACC 21264T.
Keywords: Spirosoma rhododendri, Rhododendron schlippenbachii, genome
[This study was carried out with the support (PJ016776) of National Institute
of Agricultural Sciences, Rural Department Administration, Republic of
Korea.]
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Comparison of Peach[Prunus persica (L.) Batsch]
Microbiome and Mycobiome Associated
with Peach Gummosis and Functional Differences

Constructing a Bacteroidales Culture Collection
from Human Oral and Fecal Samples
Lae-Guen Jang, Seolah Kim, Hee-Soo Hwang, Ji-Won Huh, and
Jihyun F. Kim*

Tae Hyung Park1, Min Kyu Park2, Kyeongmo Lim2, GyuDae Lee2,
DoKyung Lee1, Yeon-Kyeong Lee1, Wanro Kim1, and Jae-Ho Shin1,2*
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Department of Intergrative Biotechnology, Kyungpook National
University, Daegu 41566, Republic of Korea,
2
Department of Applied Biosciences, Kyungpook National University,
Daegu 41566, Republic of Korea

Bacteroidales is one of the most prevalent bacteria found in the human gut,
which includes Bacteroides and Prevotella that shape the enterotype of
human according to their host lifestyle. Although accumulating evidence
have suggested that the two major genera affect the health and disease of
human, which subspecies and associated pathways are involved in the
physiology remains largely intact. Because of the increasing implication of
the two genera, there is a great demand to establish the pool of microbial
isolates for them. Here, we aim to construct a targeted culture collection for
Bacteroidales with oral rinse and fecal samples obtained from healthy
individuals. Bacterial culture was carried out using a non-selective high
nutrition medium and three selective media with antibiotics. In line with
their reciprocal distribution in human gut, Bacteroides and Prevotella were
exclusively isolated in fecal and oral rinse samples, respectively. To retrieve
as many species of Prevotella–underexplored in most datasets with Western
people–as possible, different combination of selection media will be further
tested. This study will provide a fundamental framework to study the
human microbiome and to understand ecological roles of Bacteroidales.

Peach gummosis is one of the most critical and fatal symptoms in a peach,
and many studies have attempted to control it. About 80% of fungi that
cause gummosis were reported in Korea, such as Lasiodiplodia theobromae,
Diplodia seriata, and Botryosphaeria dothidea. However, these previous
reports have only pointed to the cause of infection in peach trees through
traditional bacteria and fungi isolation. The way these microbes interact
with other microbes and exist, and the effects of the disease symptoms and
interactions on peach trees have not yet been evaluated.In this study, we
tried to understand the structure of microorganisms present in peach trees
by investigating peach trees with peach gummosis using NGS. Microbiome
and mycobiome present in the bark and soil were compared in healthy trees
and unhealthy trees. Also, microbiome and mycobiome structures of the
gum generated in peach trees were also analyzed. In conclusion, we
confirmed that significant differences exist in terms of cluster structure and
diversity in both microbiome and mycobiome between healthy and diseased
groups of peachtree bark and soil. We found that in mycobiome analysis
between healthy and unhealthy groups, plant-pathogenic fungi (Cytospora,
Cystobasidium, and Botryosphaeria) were mainly found in the bark of
unhealthy trees. As a result of identifying the microbiome structure of the
bark, it was possible to confirm the difference between bacteria(Robbsia,
Burkholderia).

Keywords: Bacteroidales, culture collection
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Identification of Microbial Taxa Associated with
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Gastric cancer (GC) is one of the prevalent cancers in the world, for which
microbial effects are well explained in cancer development: Helicobacter
pylori infection triggers the carcinogenesis process. Recent reports, however,
suggest the possibility that H. pylori is not the sole microbial factor causing
GC. We analyzed microbiota structures of the stomach through 16S rRNA
gene sequence analysis with respect to disease states that include chronic
superficial gastritis, intestinal metaplasia (IM), and GC. Gastric microbiota
structures were distinctive between disease states. We observed some
microbial groups were abundant in superficial gastritis or GC respectively.
We investigated five other cohorts for validation. We selected four cohorts
from China population and the other cohorts from South Korea which are
in the top five countries with high incidence rates of gastric cancer. We
found consistent microbial taxa had an association with gastric cancer in
multiple cohorts. This study allows us to suggest useful biomarkers, which
would contribute to the diagnosis of gastric cancer.
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The Therapeutic Efficacy of Cutibacterium avidum GEN501 for the Treatment of Staphylococcus aureus-Induced
Skin Disorder

Design and Amplification of Salmonella phage vB_SalSKFSSE1 DNA Fragments to Construct a Reporter Phage
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Science and Technology (GIST), Gwangju, Republic of Korea

Salmonella is one of the three major foodborne pathogens, and various
detection methods have been presented including PCR analysis, isothermal
amplification and enzyme linked immunosorbent assay. However, these
methods couldn’t differentiate between living and dead bacteria. To
differentiate the living bacteria, phage was introduced due to its specific
activity against living bacteria. In this study, we try to recombine the reporter
gene to phage to construct a reporter phage. DNA genome of Salmonella
phage vB_SalS-KFSSE1, isolated and purified from samples of chicken
processing plant, was analyzed by whole genome sequencing. Then, region
to insert the reporter gene was identified through NCBI BLASTP and RAST
server. For the recombination, we amplified several DNA fragments from
Salmonella phage vB_SalS-KFSSE1 using specific primer pairs and KAPA
HiFi DNA polymerase. Each DNA fragments has homologous base with
adjacent fragments, respectively. Reporter genes, lacZ and GFP, also have
homologous base with adjacent DNA fragment. In this study, we identified
major capsid protein (MCP) coding region for the reporter gene insertion.
According to manufacturer’s instruction, 9 DNA fragments which smaller
than 10,000 bp were designed. For the assembly, primers were designed so
that adjacent DNA fragments have 50 bp homology. Also, the reporter genes
were designed to have 60 bp homology with the DNA fragment containing
MCP coding region. As result, 9 DNA fragments from Salmonella phage
vB_SalS-KFSSE1, and the two reporter genes were designed and amplified.

Constitutive activation of EGF/EGFR signaling pathway is frequently
identified in many solid tumors; thereby, therapeutic agents targeting EGF/
EGFR signaling (e.g. gefitinib, erlotinib, afatinib) have been developed to
treat cancers. Despite clinical benefits of EGFR inhibitors, many patients
suffer from drug-induced skin rash. Recent studies have revealed the
overgrowth of Staphylococcus aureus as a major cause to aggravate skin rash
so that antibiotics are frequently prescribed to relieve skin rash. However,
long-term medication of antibiotics leads to unwanted adverse effects such
as inflammation of liver or blood vessels, fever, and other rash problem.
Therefore, we investigated the identification of beneficial bacteria via disc
diffusion assay and biofilm inhibition assay. Interestingly, Cutibacterium
avidum GEN-501 showed substantial growth inhibition and reduction of
biofilm formation against S. aureus including methicillin-resistant S. aureus.
In addition, topical application of Cutibacterium avidum GEN-501 signifi
cantly reduced S. aureus colonization in in vivo rash model. These data
suggest that Cutibacterium avidum GEN-501 can be a potential therapeutic
agent to treat EGFR inhibitor induced skin rash.
Keywords: Staphylococcus aureus, skin rash, live biotherapeutic product

Keywords: Salmonella detection, Salmonella phage vB_SalS-KFSSE1,
reporter gene
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Identification of a Novel Healthy Skin-Derived Bacterium,
Sphingomonas paucimobilis GENSC03 to Protect
Photoaging Caused by UV Rays

Soil Microbiota Alteration Caused Plant Growth
Enhancement
Kyeongmo Lim1, Yeong-Jun Park1,2, Tae-Hyung Park1, and
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Gyeonggi-do 13486, Republic of Korea,
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Science and Technology (GIST), Gwangju, Republic of Korea

Environmental policy related to carbon neutral is prevalent worldwide.
Next-generation microbial agents can be a way to fulfill this environmental
policy. In this research, we focused on soil microbiome transfer as a nextgeneration microbial agent. Soil microbiome is known to interact with plant
roots and contribute to plant health and resistance to biotic and abiotic
stress. In experiments, cucumber cultivated soils were collected from a
cucumber farmhouse in Gunwi-gun, Gyeongsangbuk-do, South Korea.
Collected samples were grouped by healthy and unhealthy soil based on the
cucumber’s health. For the cucumber pot experiment, healthy and unhealthy
soils were mixed with gradient concentration. The cucumber pot experiment
showed enhanced plant growth by increasing healthy soil concentration.
The microbiome analysis result showed increased abundance in some
bacterial genera including Nitrospira, and fungal genera including
Mortierella as a concentration of healthy soil increases. The microbial
diversity analysis result showed significant differences between high healthy
soil concentration group and other groups. As a result, we could see the
alteration of soil microbiota with a phenotypical difference in plants. For
more practical applications, further research is needed.

The skin is the most external organ and plays a critical role in protecting
body from harmful external environments. Ultraviolet (UV) rays such as
UVA and UVB are natural hazards to cause wrinkle formation and increase
in water loss, which is called “Photo-aging”. Despite the important
contribution of skin microbiome to treat various skin disorders, little is
known about the effect of skin microbiome to protect skin photoaging. To
identify a novel bacterial supernatant which can reduce damages by UV
rays, we screened gene expression of MMP-1, a key indicator of photoaging,
after the treatment of various bacterial supernatant in UVB-irradiated
human dermal fibroblasts (NHDFs). Interestingly, the supernatant of
Sphingomonas paucimobilis GENSC03 isolated from healthy adult skin,
significantly reduced MMP-1 expression. In addition, S. paucimobilis
GENSC03 supernatant resulted in upregulation of procollagen type I
and III, indicating protective effects of the supernatant of S. paucimobilis
GENSC03 on photodamaged skin. We also investigated whether the
supernatant of S. paucimobilis GENSC03 can restore damaged skin barrier
by increasing the gene expression of Filaggrin and Claudin-1 using in
HaCaT keratinocytes. Indeed, the supernatant of S.paucimobilis GENSC03
significantly induced the upregulation of Filaggrin and Claudin-1. Overall,
our data suggest S. paucimobilis GENSC03 as a novel protectant for
photodamaged skin.

Keywords: Carbon neutral, soil microbiota, plant microbiota
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Multi-Omic Analysis of the Microbiome and Metabolome
in Probiotics Effect by Lactobacillus spp.

Keywords: Skin microbiome, photoaging, Sphingomonas paucimobilis

MoonGyu Chung, Jin Woo Kim, Hye Sun Yun, Pyeong An Lee,
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N-8

Korea Research Institute of Bio-Medical Science, 6,
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Live Biotherapeutic Lactococcus lactis GEN3013
on the Antitumor Efficacy of Cancer Treatment
1

Pharmacology team, Microbiome Research Center,
GENOME&COMPANY, Gyeonggi-do 13486, Republic of Korea,
2
Department of Biomedical Science and Engineering, Gwangju Institute of
Science and Technology (GIST), Gwangju, Republic of Korea
Recent studies have highlighted the role of gut microbiome as a key
modulator of host immune responses associated with tumor growth.
Indeed, many pharmaceutical companies put their efforts on identifying
effective bacteria with antitumor efficacy to develop live biotherapeutic
products (LBPs). Here, we evaluated the anti-cancer efficacy of a potential
therapeutic candidate, Lactococcus lactis GEN3013. In various cancer cells,
L. lactis GEN3013 induced cancer cell growth suppression and regulated
gene expression implicated in angiogenesis. In addition, we confirmed that
oral administration of L. lactis GEN3013 not only exerted growth inhibition
in xenograft model but also improved the antitumor efficacy of oxaliplatin
and PD-1 blockade in MC38 syngeneic mouse model. Analysis of immune
cell components in tumor tissues and spleen revealed that L. lactis GEN3013
led to increase in CD4+ T, CD8+ effector T, and NK cell populations.
Therefore, our results indicate that GEN3013 is a promising anti-cancer
candidate to potentiate cancer treatment by combination with
immunotherapy.

Keywords: Microbiome, multi-omics, probiotics
[This work was supported by the Korea Institute of Planning and Evaluation
for Technology in Food, Agriculture and Forestry (IPET) through the High
Value-added Food Technology Development Program, funded by the
Ministry of Agriculture, Food and Rural Affairs (MAFRA) (#321035-5).]
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Probiotics are live microorganisms which when administered in adequate
amounts confer a health benefit on the host. Probiotics are beneficial
microorganisms for the gut health in human as well as animals when
consumed. LABs are frequently found in the human intestinal tract. We
humans are mostly microbes, over 100 trillion of them and human
microbiome is the genetic material of all the microbes - bacteria, fungi,
protozoa and viruses - that live on and inside the human body. Multi-omics
is a biological analysis approach in which the data sets are multiple “omes”,
such as the genome, proteome, transcriptome, epigenome, metabolome, and
microbiome. The intestinal microbiomes according to the factors such
environment, age, diet and probiotics consumption. The purpose of this
study was to compare the gut microbial diversity, Calprotectin,
β-Glucuronidase and Short Chain Fatty Acids(SCFAs) between
standard(SD), high-fat diet(HFD) and with supplementation with
Lactobacillus curvatus KU15003 (KU15003), Lactobacillus brevis KU15006
(KU15006), Lactobacillus brevis KU15151 (KU15151), Lactobacillus brevis
B151(B151) and Lactobacillus plantarum KU21052 (KU21052). We
analyzed Microbiome and Multi-omics in stool and cecum samples collected
from 49 mices using Next Generation Sequencing.

Suro Lee1, Hyerim Kim1, and Hansoo Park 1,2*
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Gut Microbiome Characteristics of Healthy Companion
Dogs and Canine Mammary Tumor Patients.

Novel Interpretation of the Relation between
Ramadan Fasting and Intermittent Fasting via Shifts
in Gut Microbiome

JunBum Lee1,3, Saehah Yi1,3, Hyokeun Song1,3, Woo-Hyun Kim1,3,
Wonseok Oh1,2, and Seongbeom Cho1,2,3*

GyuDae Lee, Jerald Conrad Ibal, Min-Ji Kim, Amani Sliti, and
Jae-Ho Shin*
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College of Veterinary Medicine and Research Institute for Veterinary
Science, Seoul National University, Seoul 08826, Republic of Korea,
2
Center for veterinary integrative medicine, College of Veterinary
Medicine, Seoul National University, Seoul 08826, Republic of Korea,
3
Comparative medicine Disease Research Center, Seoul National
University, Seoul 08826, Republic of Korea

Department of Applied Biosciences, Kyungpook National University,
Daegu 41566, Republic of Korea
It is well known that caloric restriction has dramatic effects on aging and
health including losing weight and glucose regulation. The experiment was
conducted to find out the effect of the intermittent fasting on intestinal
microbiome through Ramadan fasting. Feces and dietary information were
collected 3 times during the fasting period and 2 times after the fasting was
over from 20 Muslins in Korea. As a result of the analysis, It was confirmed
that the calorie intake was decreased during fasting. Beta diversity between
samples was significantly different between fasting and post fasting group.
Alpha diversity was decreased during Ramadan fasting and increased after
finishing Ramadan. In genus level, only two different taxa including
Coprococcus and Lachnospiraceae NK4A136 group were significantly
changed between start of fasting period and other groups. It has decreasing
tendency during fasting period, and consistently observing amount of SCFA
including butyrate, propionate, acetate was decreasing during fasting period.
Those of genus are representative butyrate-producing bacteria and maintains
the intestinal environment anaerobic. In this result, it could be suggested
that microbial variation in gut environments are less affected by fasting.

Some pro-carcinogenic microorganism of the gut microbiome can
contribute to development and progression of cancer through several
pathways. Cancer itself can shape bacterial communities by forming a proinflammatory microenvironment for some bacteria species. Canine
mammary tumor (CMT) is a common type of cancer affecting companion
dogs, but little is known about the relationship between CMT and canine
microbiome. Therefore, we investigated the gut microbiome characteristics
of healthy and CMT companion dogs. Metagenomes were extracted from
the fecal samples of CMT dogs and healthy dogs, and sequenced using 16S
rRNA sequencing. Microbial diversity and abundance were analyzed to
compare the gut microbiome between two groups. Dominant phyla of the
CMT group was Firmicutes, Proteobacteria and Bacteroidetes. Genus level
analysis showed difference in taxonomic proportion of the gut microbiome.
The alpha diversity of CMT group gut microbiome was lower than average
diversity of healthy group. In conclusion, healthy controls and CMT group
showed distinct gut microbiome characteristics. Further study is needed to
understand which microbes are related to CMT condition, and how the
microbiome affects host oncogenesis.

Keywords: Microbiome, ramadan fasting, SCFA
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Composition of the Oral Cavity Microbiome Based on
Human Tonsils and Saliva Samples
Da Hyeon Choi1, Jiwon Park1, Kyeong Eun Lee1, Min Ji Cho1,
Seung Jae Yun1, Jeong Eun Kim1, Won Hee Lee2, Jinho Yang2,
Chan Oh3, Ho-Ryun Won3, Bon Seok Koo3, Jae Won Chang3, and
Yoon Shin Park1*
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Identification of Endophytic Bacteria
from Rootlets of Pine Trees in Nursery Field
Mira Son, Eun-kyung Bae, Min-Jeong Kang, Sang-A Lee, and
Jei-Wan Lee*
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Department of Biological Sciences and Biotechnology, School of
Biological Sciences, College of Natural Sciences, Chungbuk National
University, Cheongju 28644, Republic of Korea,
2
Institute of MD Healthcare Inc., Seoul, Republic of Korea, 3Department of
Otolaryngology-Head and Neck Surgery, Chungnam National University
College of Medicine, Daejeon 35015, Republic of Korea

Forest Microbiology Division, National Institute of Forest Science,
Suwon 16631, Republic of Korea

The oral cavity is associated with local and systemic diseases and plays a
major role in microbiome-associated diseases. Among the many tissues in
humans, the tonsillar tissue can suggest the microbiome environment of
both cavities through comparison with the saliva and alimentary tract
microbiome. Here, we focused on the distribution and correlations of
microbiota in saliva and tonsillar tissues of young tonsillectomy patients
based on the evaluation of the V3-V5 region of 16S rRNA genes to
examine the hypothesis that the microbiome is associated with tonsillar
hyperplasia in children. The top 10 ranked taxa in the saliva group and
tonsillar group based on average relative abundance were Haemophilus,
Streptococcus, Fusobacterium, Veillonella, Prevotella, Alloprevotella,
Neisseria, Prophyromonas, Campylobacter, and Treponema 2. Analysis of
the microbiomes between tonsil and saliva revealed that many bacterial
communities are shared and show similarities in terms of diversity and
composition, suggesting close interactions between the two microbial
groups. Our results revealed that the oral microbiome exerts significant
effects on not only the tonsil itself but also tonsil-derived immune or stem
cells through regulating the microbial community.

Keywords: Endophytic bacteria, Pinus densiflora, rootlet

Keywords: Microbiome, saliva, tonsil
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Endophytic bacteria with beneficial effects, such as plant growth promotion,
biocontrol, and nitrogen fixation activities, have been commercialized as
biostimulants, biofertilizers, and biocontrol agents. Likewise, despite the
potential of endophytic bacteria within trees for such a commercial usage,
there is few studies on the diversity of endophytes living in pine trees and
their interactions. In this study, We isolated endophytic bacteria from the
roots of pine tree (Pinus densiflora) that had grown for 10 years in a nursery
field at the National Institute of Forest Science, Suwon. As a result, 30
culturable bacteria were isolated from the pine rootlets. The 30 isolates
showed ten different colony morphotypes, which were divided into three
groups including Pseudomonas sp., Bacillus sp., and Lysinibacillus sp by
further analysis using their 16S rRNA gene sequences. The results from this
study will be useful to compare not only endophyte communities of pine
tree rootlets in diverse growth environments but also to study the
interactions between the endophytes and the rootlets.
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Biofumigation Modify Soil Microbiome and
Has Good Effect on Cucumber (Cucumis sativus) Growth
Performance

Metagenomic Analysis of Gut Microbiome
as Non-Invasive Biomarkers for Cervical Cancer
Da-Ryung Jung1, Gi-Ung Kang2, Minsoo Jeong1, Min-Sueng Kim1,
Hyung Soo Han3, Gun Oh Chong3, and Jae-Ho Shin1*

DoKyung Lee1, Setu Bazie Tegele2, Tino BASHIZI FLORY2,
Raoul Colince Kuate2, Yeon-Kyeong Lee1, and Jae-Ho Shin1*
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Daegu 41566, Republic of Korea,
2
Deutsches Rheuma-Forschungszentrum (DRFZ), Institute of the Leibniz
Association, 10117 Berlin, Germany,
3
Clinical Omics Research Center, School of Medicine, Kyungpook National
University, Daegu 41940, Republic of Korea
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Department of Integrative Biology, Kyungpook National University,
Daegu 41566, Republic of Korea, 2Department of Applied biosciences,
Kyungpook National University, Daegu 41566, Republic of Korea
Biofumigation is a broad and general method for improving soil properties
in agriculture and it has positive effect for alleviating monocropping related
constraints including buildup of soil-borne pathogens. Plant growth
improvement following biofumigation is not only attributed to the change in
the soil chemical properties but also through modifications of soil microbial
community assembly. Nevertheless, there are very limited studies about the
effect of biofumigation on soil microbiome via whole-metagenome
sequencing. Therefore, in this study, we determined the effect of three
biofumigants, namely caliente (Brassica juncea cultivar caliente), green
mustard (Brassica juncea cultivar ‘Jeil Cheong’), and red mustard (Brassica
juncea cultivar ‘Jeil Red’) on soil chemical properties, functional genes
profile of soil microbiome, weed emergence, and cucumber (Cucumis
sativus) yield. Biofumigant non-amended soil was served as control. The
results showed that cucumber plant height, chlorophyll content, and fruit
yield was remarkably improved by all tested biofumigants. Weed emergence
was substantially reduced by biofumigants, red mustard showed the highest
reduction. Moreover, whole metagenome data revealed that the well-known
beneficial bacteria and fungi were enriched following biofumigant
incorporation. Compared to control, biofumigants also increased the
bacterial and fungal diversities. Overall, the current study revealed that
biofumigation has the potential to suppress weed emergence and improve
cucumber growth.

The gut microbiome is increasingly used for the diagnosis of various
diseases, including digestive and non-digestive diseases. Human
papillomavirus (HPV) infection is a major cause of carcinogenesis of
cervical cancer (CC), but it is not sufficient to understand carcinogenesis of
CC. Also, many studies have demonstrated that it is import to understand
complex host variation. Thus, in our study, we searched for association with
CC and gut microbiome and discovered potential bacterial biomarkers for
diagnosis of CC using machine learning. Based on shotgun metagenome
sequencing, the gut microbiome of healthy women and patients with CC
was analyzed. The gut microbiome of patients with CC had a decreasing
trend in Shannon’s index and observed features, although no statistical
significance was observed. The intergroup diversity of the gut microbiome
by beta diversity analysis confirmed a clearly distinction between healthy
women and patients with CC. In the group of healthy women,
Bifidobacterium adolescentis, Bifidobacterium longum, and Fusicatenibacter
saccharivorans showed higher abundance than patients with CC. Reversely,
Prevotella timonesis, Finegoldia manga, and Streptococcus anginosus group
were confirmed to be higher abundance in the group of patients with CC.
Moreover, it was shown that the gene abundance of amino acid and bile acid
biosynthesis-related metabolic pathways, which positively affect the gut
microbiome, was higher in the group of healthy women. For discovering
bacterial biomarker to discriminate CC, LEfSe, random forest, and lasso
regression were used. Finally, Bifidobacterium adolescentis, Finegoldia
manga, and Streptococcus anginosus group were selected as candidates of
bacterial biomarker. Species-specific primer sets were designed for these
three bacteria, and bacterial quantification was performed through qPCR. A
random forest model that can distinguish CC was constructed using the
bacterial quantitative value, and an AUC score of 0.72 was confirmed.
Therefore, with the gut microbiome research development, selected
potential biomarkers will promisingly become a non-invasive diagnostic
method for cervical cancer screening.

Keywords: Functional gene, soil microbiome, metagenome
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Effects of Galgeun-Tang through Alteration of Gene
Expression and Modulation of Intestinal Microbiota
in High Fat Diet Induced Metabolic Dysfunction Mice

Revealing the Diversity and Stability of Bacterial
Communities in Organic Tomato Rhizosphere Microbiota
Chang Ki Shim, Min-Jeong Kim*, Jae-Hyeong Lee, and
Choeki Wangchuk

Songyi Han and Hojun Kim*
Department of Rehabilitation Medicine of Korean Medicine,
Dongguk University, 814 Siksa-dong, Ilsandong-gu, Goyang-si 10326,
Republic of Korea

Organic Agriculture Division, National Institute of Agriculture Sciences,
Wanju 55365, Republic of Korea
There is increased research in microbial communities that influence natural
beneficial interactions between crops and soil microbes to improve soil
healthy and crop production. In this study, the variation and composition of
rhizobacterial communities in five organic tomato field soilsa, combined
with one cultivar in difference cultivation year of organic tomato, were
systematically investigated. The organic tomato rhizosphere microbiota
related with more organic cultivation year was dominated by bacteria from
the phyla Proteobacteria, Bacteroidetes, and Acidobacteria, mainly
comprising
Burkholderiales,
Nitrosomonadales,
Myxococcales,
Sphingobacteriales, Cytophagales and Acidobacteria subgroups. The
rhizobacterial community in the rhizosphere microbiota of the tomato in
the organic tomato rhizosphere soil generally overlapped with that of tomato
cultivation year with 2, 3, 5, 10 and 15 year, which was grown in five local
field soils. The results revealed that the hypothesis that tomato harbors
largely conserved communities of rhizosphere microbiota that related with
organically cultivated year. The results demonstrated that the rhizosphere
bacterial communities was collectively influenced by soil stable time,
including the available bacterial communities of the rhizosphere soils, and
crop cultivation type

Type 2 diabetes is a metabolic disease characterized by insulin resistance,
Hyperglycemia and insulin secretion disorders, and obesity is the biggest
cause. We investigated the effects of Galgeun-tang (GGT) on high fat diet
(HFD)-induced metabolic dysfunction in mice. The C57BL/6 mice fed a
HFD and fructose in water and then administrated with GGT or Metformin
for 10 weeks. We measured the body weights, calorie intakes, OGTT,
inflammatory cytokines (TNFα, MCP-1), gut permeability (ZO-1,
Occludin), metabolic markers, and 16s rRNA sequencing. Administration
of GGT significantly improved the HFD-induced metabolic disorders in
mice in terms of the prevention of body weight gain, caloric intake, and
reduction in the weights of the major adipose tissues and total fat. In
addition, it improved glucose homeostasis and insulin sensitivity. These
effects were also associated with the inhibition of low-grade intestinal
inflammation and improvement of hepatic function. These results revealed
a difference in the distribution pattern of the gut microbial communities
between groups. Alpha diversity revealed that the gut microbiota
composition in the HFD group was significantly different from that in the
GGT group. Microbiota composition changes might partly be driven by an
SCFA-producing bacterium, Peptostreptococcaceae, Lachnospiraceae
NK4A136 group, and Romboutsia, which was decreased in HFD group and
subsequently increased by GGT group. All these results, treatment with
GGT appears effective in improving the pathways related to metabolic
disorders in HFD-induced mice.

Keywords: Organic tomato, rhizosphere, microbiota
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Development of Probiotic Strain Lacticaseibacillus
rhamnosus Isolated from Vaginal Microbiota
as an Anti-Tuberculosis Drug Candidate

Efficacy of Lactobacillus against Carbapenem-Resistant
Klebsiella Infections In Vivo and Pilot Study
by Optimizing Food Grade Medium

Md Abdur Rahim1,2, Hoonhee Seo1, Sukyung kim1, Hanieh Tajdojian1,2,
Indrajeet Barman1,2, Youngkyoung Lee1,2, Saebim Lee1, and
Ho-Yeon Song1,2*
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The prevalence of Carbapenem-resistant Enterobacteriaceae (CRE) that
produce Klebsiella pneumonia carbapenemase (K. pneumonia carbapenemase)
is dramatically reported worldwide and has become more and more resistant
to nearly all antibiotics during the past decade. The emergence of Klebsiella
pneumonia (K. pneumonia) strains with decreased susceptibility to most all
last-resort treatment options including ß-lactam antibiotics such as
carbapenems, is a significant threat to hospitalized patients worldwide as
Klebsiella pneumonia (K. pneumonia) infection is responsible for a high
mortality rate in the elderly, and immunodeficient individuals. These
findings suggest that there is an urgent need for an antibiotic alternative to
be a potential candidate for treating CRE and multi-resistant pathogens in
the future. In this study, we used Lactobacillus as a candidate probiotic for
treating CRE-related infections and investigated its effectiveness. We treated
mice with Lactobacillus fermentum (L. fermentum) originating from the
vaginal fluid of a healthy Korean woman and evaluated the Lactobacilli ’s
efficacy in preventive, treatment, non-establishment, and colonization
mouse model experiments. Compared to the control, pre-treatment with L.
fermentum significantly reduced body weight loss in the mouse models, and
all mice survived until the end of the study which showed that it affects
Carbapenem resistant klebsiella (CRK) bacteria. Also, the number of
Klebsiella bacteria was decreased to below 5.5 log10 CFU/ml following oral
administration of L. fermentum in the colonization model. Then as the first
step in developing the commercial probiotic product used as a potential
candidate to treat CRE infection in the future, we have developed a low-cost
food-grade medium by modifying the MRS medium composition and
constructed the pilot plant model in a 200 L food-grade medium using
Lactobacillus sakei originates from kimchi as a new generation probiotic
(NGP) and accomplishes L. sakei powder producing through performing
freeze-dry and packaging process. The oral administration of L. sakei in
long-term treatment decreased the mortality and illness severity in CRKinfected mice during 22 days of observation as well as the pre-treatment
with packed probiotic powder significantly reduced body weight loss and
mortality in the CRK infection mouse model. These findings demonstrate
Lactobacillus antibacterial activity and its potential to treat CRE infection in
the future. Although, more extensive studies are needed in the future, such
as toxicity tests and clinical trials.

Tuberculosis (TB), caused by the etiological agent of Mycobacterium
tuberculosis that remains the world’s oldest known deadly infectious disease
in humans, considering as one of the top ten leading causes of death globally.
There are 10 million active cases of TB per year with 1.5 million deaths, and
one-third of the world’s population is estimated to harbor latent M. tb
infection. Moreover, the emergence of multi-drug-resistant (MDR),
extremely-drug-resistant (XDR), and the recent totally drug-resistant
(TDR) M. tb has become a global health concern. Therefore, it is urgently
needed to emphasize the development of new drugs with different
mechanisms to combat this deadly menace. In these circumstances,
probiotics can be a potential choice, so we focused on developing them as an
anti-tuberculosis drug candidate. Here, we report the anti-tubercular
activities of Lacticaseibacillus rhamnosus (L. rhamnosus) isolated from the
vaginal microbiota of healthy women. L. rhamnosus strain exhibited a
promising intracellular killing effect against both drug-sensitive and
resistant M. tb infected murine macrophage cell line RAW 264.7 without
showing any cytotoxicity. Additionally, it also inhibited the growth of M. tb
under broth culture medium. L. rhamnosus strain did not show abnormal
clinical symptoms or changes in body weight in a 2-week repeated oral
administration toxicity test in a guinea pig model. We also found that our
candidate strain activates autophagy by raising the signal of well-known
autophagy gene markers in a dose-dependent manner, implying an
intracellular killing mechanism.
Keywords: Probiotics, tuberculosis, autophagy
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Lacticaseibacillus rhamnosus HDB1258 Regulate
the Gut-Microbiota Disrupted by Excessive Inflammation
Response
Kyung Min Kim and Seunghun Lee*

The Therapeutic Effect of Fecal Transplantation
on the Murine Model of Colitis-Associated Cancer Is
Related to the Increment of Short-Chain Fatty Acid
Caused by Gut Microbiota Modulation

Biohealthcare R&D Center, HYUNDAI BIOLAND Co., Ltd.,
Ansan-si 15407, Republic of Korea
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The effects of Lacticaseibacillus rhamnosus HDB1258 on gut-microbiota
were reported along with the immune system modulating function in
normal and inflammation-induced mice models. The purpose of this study
is to reinterpret the role of HDB1258 on the gut-microbiota disrupted by
excessive inflammatory response. HDB1258 did not significantly affect on
the gut-microflora in the normal mice, but in the colitis mice model,
restored the abundance of family Rikenellaceae, especially genus Alistipes,
and Lachnospiraceae, which in common includes butyrate-producing
bacteria. On the other hand, the abundance of family Erysipelotrichaceae,
known to be highly correlated with colitis, was reduced to a normal level in
the LPS-treated mice. As a result, we expect that HDB1258 could provide
beneficial effects to intestinal immune system by restoring the gutmicroflora ruined by opportunistic factors than changing healthy bacterial
community. In further study, we plan to verify the gut-microbiota regulation
of L. rhamnosus HDB1258 by confirming the correlation between the
immune regulatory effects and changes of the butyrate-producing flora in
the human gut.

Background and aim: Imbalances in the gut microbiota is known to be
associated with various diseases such as inflammatory bowel disease and
colon cancer. Although the most effective method for restoring intestinal
dysbiosis is fecal microbiota transplantation (FMT), the effectiveness of
FMT on colitis-associated cancer (CAC) and its mechanism are not fully
elucidated. We aimed to determine the therapeutic effect of FMT on the
CAC-induced mouse model and investigate the compositional and
functional change of gut microbiota. Methods: CAC in mice was induced
with azoxymethane (AOM) and dextran sulfate sodium (DSS) for 46 days.
FMT was performed by oral gavage of the healthy mice stool (normobiotic
FMT, nFMT) and the DSS-treated mice stool (dysbiotic FMT, dFMT). Fecal
samples were sequenced using Illumina NovaSeq 6000 platform. Results:
nFMT changed the gut dysbiosis status of CAC mice similar to normobiosis,
and specifically, a relatively large number of short-chain fatty acid (SCFA)producing bacteria including Lactobacillus murinus, Lachnospiraceae
bacterium A4, Lachnospiraceae bacterium 10-1, and Faecalibaculum
rodentium were identified. On the other hand, non-FMT showed a high
relative abundance of Bacteroides vulgatus, which is known to have a high
risk of colorectal cancer. As a result of shotgun sequencing analysis, it was
confirmed that the abundance of the MetaCyc pathway possessed by SCFA
producing bacteria was high. Using the network analysis on the function at
the pathway level and species-level bacteria, we found that the change in the
intestinal microbial community is highly correlated with the change of
SCFA. Finally, liquid chromatography with tandem mass spectrometry
showed that FMT significantly increased SCFA level. Conclusion: These
results demonstrate that the therapeutic effect of FMT on the murine model
of CAC is related to the increment of SCFA caused by modulation of gut
microbiota suggesting FMT as a valuable therapeutic option in the
microbiome-metabolite-related pathologies.

Keywords: Probiotics, Lacticaseibacillus rhamnosus, gut-microbiota
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A large microbial community dwells in the rhizosphere, among which
specialized bacteria known as Plant Growth Promoting Rhizobacteria
(PGPRs) confer benefits on host plants, including growth promotion and
disease suppression. PGPR taxa vary in the way they reduce the negative
effects of plant pathogenic invaders. However, a cumulative or synergistic
effect does not always ensue when a bacterial consortium is used. In this
work, we evaluate the mechanisms of suppression of Phytophtora blight
disease by PGPRs and evaluate their potential to promote the growth of
plants, in particular Pepper. We also provide proof of the potentialities of the
different strains at the biochemical level as well as their compatibilities to
constitute a consortium. Finally, we tested the strains in Pots in a consortium
in order to see their effectiveness by comparison with a second treatment
containing only the pathogen. From the results, we concluded from the
applicability of these strains in the consortium in order to fight against P.
Capsici, while keeping the idea of testing the strains individually in the
future, but also to carry out an experiment in the field.
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Elucidating the Effect of Altered Gut Microbiome
Composition on Host Susceptibility to Non-Alcoholic
Fatty Liver Disease (NAFLD)

Effects of Different Copper Sources on Fecal Microbiome
in Growing Pigs
MIN JI KIM, Jin Young Jeong, Seol Hwa Park, Pil Nam Seong,
Byeong Hyeon Kim, and Hyunjung Jung
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Department of Microbiology and Immunology, Brain Korea 21 FOUR
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Minerals have several functions for maintance, growth, metabolic
physiology and reproduction in livestock. High copper diet in pigs has been
widely used to prevent diarrhea and promote growth performance but it can
have harmful effects on pigs and environmental pollution such as copper
excretion. This study was conducted to evaluate the effects of different
copper sources (inorganic and organic) on fecal microbiota shift in pigs. A
total of 40 growing pigs were randomly allocated to 5 dietary treatments
(different copper sources): a basal control diet (CON), 4 experimental diets
added with copper sulfate (CuSO4), Cu-glycine complex (CuGly), Cuamino acid complex (CuAA), and Cu-hydroxy-4-methylthio butanoate
chelate complex (CuHMB) at 100 ppm, respectively. Alpha and Beta
diversity anaylsis resulted in copper supplementation did shifted gut
microbioal community structure. At the genus level, the relative abundances
of Prevotella, Lactobacillus, Megasphaera, and SMB53 of the CuGly and
CuHMB groups were significantly higher than those of copper sulfate and
basal diet groups. Overall, this study may provide the potential role of
organic copper replacing inorganic copper, resulting in increased beneficial
bacteria in the pig gut.

Non-alcoholic fatty liver disease (NAFLD) has become one of the most
issued chronic liver diseases around the world. It is characterized by a series
of hepatological injuries, including simple hepatic steatosis, steatohepatitis,
cirrhosis, and liver carcinoma. NAFLD is associated with obesity,
dyslipidemia, hyperinsulinemia, and can promote arterial hypertension.
However, there are still no drugs approved specifically to treat NAFLD. A
few studies recently reported that manipulation of gut microbiota alleviated
or even prevented occurrence and progression of NAFLD, which implies the
significance of gut-liver axis on liver health. In this study, we aim to alleviate
NAFLD by exploiting gut microbiota correlated with lipid metabolism. We
verified that clindamycin (CL), an antibiotic for anaerobic microbes,
changes the total microbial environment of mouse intestine from our
previous research. We treated a group of C57BL/6 mice with CL while
feeding high fat diet simultaneously (HF+CL) in comparison to high fat diet
fed mice without CL treatment (HF) to validate attribution of gut microbiota
to NAFLD progression. We assessed the biomarkers of liver damage
including alanine transaminase and aspartate transaminase, and HF+CL
displayed less severity than HF from the overall markers. After done treating
CL, we also conducted co-housing of HF+CL with HF to check whether the
aggravation is directly attributed to gut microbiome. The body weight of
co-housed HF+CL showed a pattern of faster recovery after discontinuing
the CL treatment than the group without co-housing. We compared the
fecal 16S composition analysis of HF+CL with co-housing and without it
and confirmed that co-housing increased Akkermansia muciniphila (Am)
and Parabacteroides goldsteinii (Pg) significantly. In further study, we plan
to identify the role of Am and Pg on treating dysbiosis and liver damage
alleviation with in vivo experiments using high fat fed mice under different
conditions.

Keywords: Copper sources, fecal microbiome, growing pigs
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Lettuce is widely consumed in South Korea, and is one of the most common
crops in the world. Microorganisms live in various parts of plants and
interact with them. Climate is an important driver of plant microbial
community. We analyzed microbial community from 99 lettuce sample (37
samples from spring, 23 samples from summer, 21 samples from fall and 18
samples from winter), which collected at different seasons in South Korea.
Genomic DNA was extraction using a DNeasy PowerSoil Pro Kit (Qiagen)
and genome sequencing was performed by Illumina Miseq platform. Then
they were analyzed based on SILVA version 138.1 as reference database.
Throughout the analysis of ASVs (Amplicon Sequence Variants), alpha and
beta diversity was performed using DADA2 pipeline. Proteobacteria and
Firmicutes were the most predominant phyla in all season. The Shannon
and Simpson diversity indices were highest in spring (p<0.05). Beta diversity
was illustrated using PCoA and showed the significantly differs in the
bacteria composition across four seasons (p=0.01). This study can help to
understand the changes in the lettuce microbial community due to change
of season.
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Effect of Shiga Toxin-Producing Escherichia coli MFDS
1000736 on Microbial Communities during Kimchi
Fermentation

Yoonia acrochaetii sp. nov., and Yoonia besae sp. nov.,
Isolated from Marine Red Algae

HYO JU CHOI, Woojung Lee, Min-Hee Kim, Seung Hwan Kim, and
Soon Han Kim*

1

Myeong seo Jin1, Jeong Min Kim2*, and Che Ok Jeon3*
Department of Life Science, Chung-Ang University, Seoul 06974,
Republic of Korea, 2Department of Life Science, Chung-Ang University,
Seoul 06974, Republic of Korea, 3Department of Life Science,
Chung-Ang University, Seoul 06974, Republic of Korea

Food Microbiology Division, National Institute of Food and
Drug Safety Evaluation, Ministry of Food and Drug Safety,
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Two Gram-negative, strictly aerobic, catalase- and oxidase-positive, and
non-motile rod bacteria, designated as strains BS5-3T and SS1-5T, were
isolated from marine red algae. Phylogenetic analyses based on 16S rRNA
gene sequences revealed that strains BS5-3T and SS1-5T formed distinct
phylogenic lineages within the genus Yoonia. Strains BS5-3T and SS1-5T
were most closely related to Yoonia maricola DSM 29128T with 98.4%, and
98.3% 16S rRNA sequence similarities, respectively. Phosphatidylglycerol
and unidentified aminolipid were identified from both strains as major
polar lipids, and strain BS5-3T additionally contained phosphatidylcholine.
Strains BS5-3T and SS1-5T contained ubiquinone-10 as the predominant
isoprenoid quinone. Esculin and gelatin were hydrolyzed by strains BS5-3T
and SS1-5T, and urease and β-glucuronidase activities were positive only in
strain BS5-3T. The optimum growth temperature, salinity, and pH of both
strains were 25℃, 1.5%, and 7.5, respectively. Phenotypic, chemotaxonomic,
and molecular features support that strains BS5-3T and SS1-5T represent
different two novel species of the genus Yoonia, for which the names Yoonia
acrochaetii sp. nov. and Yoonia besae sp. nov. are proposed, respectively.

Kimchi is one of the traditional food in korea. It is fermented vegetable
product that varies depending on the temperature and fermentation period,
and the composition of various microorganism change during the process.
In this study, we investigated the effect of shiga toxin-producing Escherichia
coli (STEC) during the fermentation of kimchi using next generation
sequencing (NGS). Genomic DNA was extracted from kimchi and the
seven corresponding hypervariable regions of 16S rRNA (V2, V3, V4, V6V7, V8 and V9) were amplified and sequenced using the Ion S5TM system.
The bacterial community analysis was performed based on SILVA database,
and QIIME was used for OTU and diversity analysis. There were no
differences in pH between the control group, samples not inoculated with
STEC, and the STEC group, samples inoculated with STEC MFDS 1000736.
The pH of two groups fermented at 10℃ and 25℃ decreased rapidly at the
beginning of fermentation and then reached pH 4.05 and pH 3.65. In both
groups, the genera Lactobacillus, Leuconostoc, and Weissella were
predominant. Our result suggests that microbial communities during
kimchi fermentation may be affected by the fermentation parameters, such
as temperature and period, not shiga toxin-producing Escherichia coli
(STEC).

Keywords: Marine red algae, new taxa, proteobacteria
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Machine Learning Approach Reveals Microbiota Signature
for Infection with Mycobacterium avium subspecies
paratuberculosis in Cattle
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Although Mycobacterium avium subspecies paratuberculosis (MAP) has
been threatened public health and livestock industry, the current diagnostic
tools (e.g. fecal PCR, ELISA) for MAP infection have some limitations such
as intermittent shedding or low sensitivity during the early stage. This study
was aimed to develop an novel biomarker focusing on elucidating gut
microbial signature of MAP-positive ruminant since the clinical sign of
MAP infection is related to dysbiosis. By 16S rRNA-based gut microbial
community analysis for 22 MAP-positive and 32 negative cattle, not only the
apparent shift with decreased microbial diversity but also several distinct
taxa were observed by MAP infection. To determine the discriminant taxa
between groups, machine learning-based feature selection and predictive
model construction were applied for taxa abundance data or its transformed
derivatives. The selected taxa were used to build model using Support
Vector Machine (SVM), linear SVM, K-Nearest Neighbor, and Random
Forest with 10-fold cross validation. The ROC-AUC analysis for models
revealed their high accuracy up to about 96%. Collectively, taxonomic
signatures of MAP infection could be identified by feature selection tools,
and be applied to establish the predictive model for infection state.
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Anti-Inflammatory Effect of Limosilactobacillus reuteri
IDCC 3701 and Lactococcus lactis IDCC 2301 via
Suppression of NF-κB and MAPKs Signaling Pathways
in LPS-Induced RAW 264.7 Cells

Effects of Different Copper Sources and Levels on Growth
Performance and Gut Microbiome in Growing Pigs
MIN JI KIM, Pil Nam Seong, Jin Young Jeong, Seol Hwa Park,
Byeong Hyeon Kim, and Hyunjung Jung
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National Institute of Animal Science, Wanju, Republic of Korea

IBS R&D Center, Ildong Bioscience, Pyeongtaek-si, Gyeonggi-do 17957,
Republic of Korea

Copper (Cu) is an essential trace element for growth and optimum health in
swine diets. From an environment point of view, water and soil pollution by
excessive Cu excretion is a worldwide concern in swine industry. Therefore,
the objective of this study was to evaluate the effects of different copper
sources (inorganic and organic) and levels (50 and 100 mg/kg) on growth
performance and gut microbiome in growing pigs. In this experiment, the
pigs were penned individually and a 3×2+1 treatment structure was used.
The dietary treatments consisted of control (CON) diet (basal corn-SBM
diet without additional added Cu) and other treatments were fed the CON
diet with CuSO4, Cu-amino acid complex (CuAA), and Cu-hydroxy-4methylthio butanoate complex (CuHMB) at 50 and 100 mg/kg, respectively.
In this study, the growing pigs fed low inclusion level (50 mg/kg) of Cu in
growing pig diets had similar growth performance with those fed high
inclusion level (100 mg/kg) of Cu. At the phylum level, Firmicutes and
Bacteroidetes were the most abundant phyla at all times regardless of
treatment. At the genus level, prevotella was the most abundant at all times
regardless of treatment. It suggests that supplementing diets of growing pigs
with 50 or 100 mg/kg of Cu resulted in improved growth performance
without detrimental effect on health.

We investigated the anti-inflammatory effect of Limosilactobacillus reuteri
IDCC 3701 and Lactococcus lactis IDCC 2301. Cell viability, nitric oxide
and prostaglandin E2 production, and expression of inflammatory markers
were qualitatively analyzed in lipopolysaccharide (LPS)-stimulated RAW
264.7 macrophages. Treatment of LPS-induced macrophages with cell-free
supernatant of L. reuteri IDCC 3701 and L. lactis IDCC 2301 significantly
decreased (p<0.05) the mRNA expression levels of tumor necrosis factor
(TNF-α) and interleukins (i.e., IL-1β and IL-6). Nitric oxide synthase
(iNOS) and cyclooxygenase (COX-2) levels also significantly decreased in
LPS-induced macrophages. Furthermore, the expression of NF-κB, IkB-α,
ERK, JNK, p38, and their phosphorylated forms were quantified. The
protein expression level of phosphorylated forms significantly decreased in
LPS-induced RAW 264.7 cells. Thus, these results support that L. reuteri
IDCC 3701 and L. lactis IDCC 2301 have anti-inflammatory activity.
Keywords: Probiotics, anti-inflammation, NF-κB signaling pathway
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Alterations and Prediction of Functional Profiles of Gut
Microbiota After Fecal Microbiota Transplantation for
Iranian Recurrent Clostridioides difficile Infection with
Underlying Inflammatory Bowel Disease: A Pilot Study

Characterization of BpGH117, an α-Neoagarobiose and
Neoagarooligosaccharide Hydrolase, Originating
from a Human Gut derived Bacteroides plebeius
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2
Foodborne and Waterborne Diseases Research Center, Research Institute
for Gastroenterology and Liver Diseases, Shahid Beheshti University of
Medical Sciences, Tehran, Iran, 3Department of Intergrative Biology,
Kyungpook National University, Daegu 41566, Republic of Korea

α-Neoagarobiose (NAB) and neoagarooligosaccharide (NAO) hydrolase
contribute notably to usage of agarose as an exo-3,6-anhydro-α-(1,3)-Lgalactosidase. Agarose, a major component of red algae, is a polysaccharide
consisting of 3,6-anhydro-L-galactose (AHG) and D-galactose units.
Agarose degradation has been generally observed in marine microbes; yet
latest metagenomic studies reported that genes encoding enzymes which
participate in agarose degradation, including α-NAB/NAO hydrolase, were
found in Bacteroides (currently Phocaeicola) plebeius, a human intestinal
bacterium. Among the agarose hydrolases, BpGH117 has been partly
characterized. For this, we characterized the exo-acting α-NAB/NAO
hydrolase BpGH117, derived from B. plebeius. The optimum temperature
and pH for enzyme activity of His-tagged BpGH117 were 35℃ and 9.0,
respectively, implicative of its distinctive origin. His-tagged BpGH117
showed thermostability up to 35℃. The enzyme activity was kept up to 80%
in comparison with that of pre-incubation, which was proceeded at 40℃ for
120 min. Km and Vmax values of NAB were respectively 30.22 mM and 54.84
U/mg, and Kcat/Km value was 2.65 s-1mM-1. These results propose that Histagged BpGH117 may be used for manufacturing bioactive products
including AHG and agarotriose from agarose effectively.

Fecal microbiota transplantation (FMT) has emerged for the therapeutic
treatment of recurrent Clostridioides difficile infection (rCDI) with
concurrent inflammatory bowel disease (IBD). As the first Iranian
population cohort, we examined how gut microbiota and their functional
profiles change in Iranian rCDI patients with underlying IBD before and
after FMT. FMT was performed to eight IBD patients via colonoscopy.
Profiles of gut microbiota from donors and recipients were investigated
using 16S rRNA gene sequence analysis. Patients experienced no IBD flareups or other adverse effects, and all recovered to full health. Moreover, all
rCDI patients lacked the Bacteroidetes present in donor samples. After
FMT, the proportion of Bacteroidetes increased until a normal range was
achieved. More specifically, the relative abundance of Prevotella was found
to increase significantly following FMT. Prevotella was also found to
correlate negatively with inflammation metrics, suggesting that Prevotella
may be a key factor for resolving CDI and IBD. Gut microbiota diversity was
found to increase following FMT, while dysbiosis decreased. However, the
similarity of microbial communities of host and recipients did not increase,
and wide variation in the extent of donor stool engraftment indicated that
the gut bacterial communities of recipients do not shift towards those of
donors. FMT leads to significant alterations of the community structure of
gut bacteria in rCDI patients with IBD. The change in relative abundance of
Proteobacteria and bacterial diversity indicated that FMT promotes
recovery from intestinal permeability and inflammation in rCDI patients.
Moreover, strong negative correlation between Prevotella and inflammation
index, and decreased dysbiosis index advocate that the improvement of CDI
is possibly due to gut microbiome alteration. Collectively, our findings show
that FMT would be a promising therapy to help reprogram the gut
microbiome of Iranian rCDI patients with IBD.

Keywords: α-neoagarooligosaccharide hydrolase, exo-acting 3,6-anhydroα-(1,3)-L-galactosidase, bacteroides plebeius
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Effects of Rainfall in Shaping Microbial Community
during Microcystis Bloom in Nakdong River, Korea

Molecular Characterization of Gut Microbiome
in Weaning Pigs Supplemented with Animal Probiotics
Using Multi-Omics Approaches
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Various environmental factors play a role in the formation and collapse of
Microcystis bloom. Among them, rainfall has important influences not only
on Microcystis but also on microbial community that interacts with
Microcystis. To elucidate the distinct changes in the diversity and the
composition of the microbial community by rainfall, we employed 16S
rRNA high-throughput sequencing from June to October in 2019 and 2020
at three sampling sites in the Nakdong River, Korea. Compared to 2019,
there was unusually heavy rainfall in 2020, so the analysis was conducted by
comparing 2019 and 2020. The investigation period was divided into PreBloom, Bloom, and Post-Bloom in 2019. But it was more finely divided into
Pre-Bloom, Bloom_1, Rainy Season, Bloom_2, and Post-Bloom in 2020.
Microcystis abundance as well as microbial communities were influenced
by rainfall and accompanied by phase-specific transitions. In 2019, alpha
diversity indices and the relative abundance of Gammaproteobacteria
increased in the Post-Bloom period with the collapse of Microcystis bloom.
However, such a transition pattern appeared earlier with heavy rainfall
during the Rainy Season in 2020. Network analysis revealed that microbial
module directly associated with rainfall was coincident both in 2019 and
2020. The presumptive functions that increased in Post-Bloom, such as
chemotaxis, metabolism of cofactors and vitamins, ketone bodies synthesis,
showed the same pattern in the Rainy Season. In conclusion, higher
precipitation significantly influenced the shaping of bacterial communities
associated with the collapse of Microcystis blooms.

The gut microbiome is a complex network of microorganisms, metabolites,
and signaling molecules that has been recognized as a critical component of
human and animal health. It has recently been demonstrated that alterations
in the gut microbiota have an effect on more than simply gut health. Notably,
probiotic therapy may be beneficial in modifying and improving the fatty
acid composition of pig meat and lowering cholesterol levels. In prior
research, we found that feeding mixed probiotics had an influence on shear
force, ash, salinity, pH, PUFA, and some amino acids related with taste and
flavor, but had no adverse effect on carcass characteristics. In this study,
multi-strain probiotics (MSP) feeding altered the microbial composition of
the gut microbiota in weaned pigs, as demonstrated by metagenomic
analysis, with Lactobacillus increasing and Clostridium decreasing, with
these results showing a similar pattern to the culturomic approach. In
addition, when MSP was supplied, metabolomic analysis revealed an
elevation in amino acids, including valine and proline, as well as a variation
in the concentration of acetic acid. These alterations are important in energy
synthesizing metabolism, such as branched-chain amino acid (BCAA)
metabolism and coenzyme A biosynthesis, according to correlation analyses.
Therefore, MSP administered to piglets alters the gut microbiome
composition along with various physiological energy metabolism functions
and contribute to meat quality and taste.
Keywords: Multi-omics, multi-strain probiotics, gut microbiome

Keywords: Rainfall, microcystis bloom, nakdong river

Poster Session

591

49th Annual Meeting & International Symposium

2022 KMB Selected Five Leading Technologies in Microbiology and Biotechnology

N-35

The Korean society for
Microbiology and Biotechnology

N-36

Production of Prebiotic Neoagarooligosaccharides
by Using Saccharomyces boulardii Engineered
by CRISPR-Cas9

Bifidobacterium lactis IDCC 4301 Exerts Anti-Obesity
Effects in High-Fat Diet-Fed Mice Model
by Regulating Lipid Metabolism
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Saccharomyces cerevisiae var. boulardii was isolated from lychee as well as
mangosteen and well-known as probiotic strain used in many industries.
However, research about the production of beneficial materials from S.
boulardii has not been conducted yet. Agarose is a main substance of red
macroalgae, and endo-β-agarase can depolymerize it into
neoagarooligosaccharides (NAOSs). NAOSs, especially neoagarotetrase
(NeoDP4), are prebiotics with health beneficial effects such as enhancing
the growth of probiotics in the human gut. In this study, production of
NAOSs was held from engineered yeast S. boulardii by an endo-β-agarase
BpGH16A, derived from Bacteroides plebeius which is a human microbiome.
For this, secretion of BpGH16A protein from S. boulardii was tested using
different signal peptides for the first time. For producing NeoDP4
extracellularly from agarose, optimum signal peptide SED1 derived from S.
cerevisiae was chosen. Plasmid vector system as well as clustered regularly
interspaced short palindromic repeat (CRISPR)-Cas9 system were used for
the BpGH16A expression. Then, NeoDP4 produced from engineered S.
boulardii was identified. Engineering method of S. boulardii using plasmid
system and CRISPR-Cas9 system produced 1.86 and 0.80 g/L of NeoDP4 at
72 h, respectively. Thus, NAOS was produced from engineered S. boulardii
for the first time. In conclusion, our study proposes that for the production
of health beneficial materials in the human gut, S. boulardii can be used as a
microbial host.

Chronic hypernutrition and lack of physical activity promote lipid
accumulation in the white adipose tissue, and excessive lipid accumulation
leads to obesity. Recent in vitro and in vivo studies have proven that
probiotics may prevent obesity by regulating lipid metabolism. However, the
mechanisms of action of probiotics in obesity are not fully understood. In
this study, Bifidobacterium lactis IDCC 4301 was selected for its anti-obesity
potential after evaluating inhibitory activity of pancreatic lipase and
cholesterol reducing activity. Next, we investigated the roles of B. lactis
IDCC 4301 on lipid metabolism in 3T3-L1 cells and high-fat diet-fed mice.
Our results show that B. lactis IDCC 4301 inhibits cell differentiation and
lipid accumulation by suppressing the expression of adipogenic enzymes in
3T3-L1 cells. Moreover, the administration of B. lactis IDCC 4301 resulted
in decreased body and epididymal adipose tissue weight, improvement in
serum lipid levels, and downregulated adipogenic mRNA expression in
HFD-fed mice. Collectively, these results support that B. lactis IDCC 4301
could be used as an alternative treatment for obesity.

Keywords: BpGH16A, Saccharomyces boulardii, neoagarooligosaccharides

Neurodegenerative Effect of Bacillus spp. in
Caenorhabditis elegans and Intestinal Dysbiosis Mouse
Model through Gut-Brain Networks
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Production by Inhibiting Tyrosinase
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Melanogenesis is a multistage chemical process of melanin biosynthesis
including oxidation and subsequent polymerization of tyrosine, which takes
place in pigment-producing melanocytes. Melanin protects skin from
foreign stimuli such as UV irradiation and oxidative stress, but excessive
synthesis of melanin not only causes freckles but also promotes skin aging.
Thus, it is necessary to suppress melanogenesis by inhibiting tyrosinase to
maintain healthy skin. Although natural products as tyrosinase inhibitors
have been recognized as attractive skin brightening agents, the agents
derived from probiotics is still not well studied. In this study, it was tested
whether probiotics suppress melanogenesis in B16F10 and Melan-a cells by
inhibiting tyrosinase activity. Our results show that culture supernatants of
L. plantarum IDCC 3501 and B. bifidum IDCC 4201 inhibit tyrosinase and
DOPA tyrosinase. These strains reduced melanin contents and decreased
expressions of melanogenic enzymes in B16F10 cells. Additionally,
metabolomic analysis suggested that phenyllactic acid might be a possible
target compound against melanogenesis. Collectively, these results support
that L. plantarum IDCC 3501 and B. bifidum IDCC 4201 could be used as
valuable cosmetic ingredients.

Keywords: Bacillus spp., gut-brain axis, nitric oxide
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Since antiquity, fermentation has been considered as a method applied to
efficiently preserve food. However, in the modern society, fermentation has
started to be regarded as more than a producing method, but a complex
process carrying out health benefits. During the fermentation, the
fermenting bacteria, typically Bacillus, work to produce favorable bacterial
metabolites. Among them, especially nitric oxide, has been studied to
provide an array of health benefits preventing inflammatory, carcinogenic
and allergenic conditions. In reference to the previous studies, we
investigated the advantages of multiple species of Bacillus and their nitric
oxide extracts through the gut-brain pathway using neurodegenerative
Caenorhabditis elegans model. As Bacillus were supplemented, 4 strains of
neurodegenerative C. elegans models, which are genetically induced of Aβ
protein accumulation, exhibited increased lifespan and prevented
hypomotility and hyposmia, the typical aged-phenotype. Moreover, the
food-sourced Bacillus fermented nitric oxide extract also enhanced the
survival of C. elegans and neuroblastoma cell line. In terms of vivo, Bacillus
supplementation successfully colonized to the intestinal dysbiosis mouse
model induced by antibiotics-cocktail and diversified the microbiota and
restored the body weight, colon length, and immune homeostasis along with
the bacterial by-products.
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Effect of Postbiotic Supplementation Containing
Heat-Killed Lactobacilli Modulates on Body Weight
Associated with Gut Microbiota in a Pig Model

Molecular and Microbiological Characterization of SporeForming Probiotic Bacterium Weizmannia coagulans
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Weizmannia coagulans is well established potential probiotic bacterium in
food industry. It is a gram-positive bacteria and have spore-forming, lactic
acid-producing function. In particular, spore-forming characteristics to
survive the host's gastrointestinal tract and positive function as probiotics
for host health. In this study, we confirmed the probiotic characteristics
including acid, bile and antimicrobial activity and heat tolerance of W.
coagulans isolated from human breast milk. W. coagulans have high acid
and bile tolerance comparing with Lacticaseibacillus rhamnosus GG (LGG)
as positive control, and showed heat tolerance. Additionally, we evaluated
W. coagulans affect on host intestinal microbial diversity composition in gut
environments using FIMM (Fermentor for Intestine Microbiota Model)
system coupled with 16S metagenomic sequencing using Illumina
sequencing. Our results propose that W. coagulans could be probiotic
bacterium and applied on various food and feeds as next generation
probiotics (NGP) in human and animal gut health.

Lactobacillus, well-known for its positive effect on the intestinal health of
the host, has been used as a probiotic until now and is known to help cure
various diseases including obesity. We used a pig model to confirm the antiobesity effect of heat-killed Lactobacillus spp. 189 (HK LS 189) and verified
the effect based on changes in the composition of gut microbiota. A total of
48 pigs were fed either a basal diet or a diet supplemented with HK LS 189
for 4 weeks. HK LS 189 supplementation had the effect of significantly
reducing the grow performance of pigs. As a result of confirming changes in
the composition and function of gut microbiota using 16S rRNA gene
sequencing analysis, the proportion of Prevotella was decreased and
Parabacteroides was increased. The beta-diversity result also showed a
significant difference between the control group and the HK LS 189
treatment group, and the functional pathway study confirmed the difference
in lipid metabolism. From the results, it was found that the supplementation
of HK LS 189 affected the composition of gut microbiota and induced
weight loss. In conclusion, the current study showed that the composition of
gut microbiota was different in the HK LS 189 group compared with the
control group, resulting in significantly lower growth performance. Our
study aided in our understanding of the anti-obesity effect, along with the
effect of postbiotic supplementation of HK LS 189 on gut microbiota in a pig
model.

Keywords: Next generation probiotics, Weizmannia coagulans, sporeforming bacteria

Keywords: Lactobacillus, gut microbiota, pig model
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Optimization of Mouse Model Experiments for
Development of Functional Verification Platform
Technology

Stimulation of Synthetic Community by a Beneficiary
Flavobacterium dauae TCH3-2 Promotes Plant Growth
JuHui Kim1, Sang-Moo Lee1, Hyun-Hee Lee2, So Eon Kim1,
Young-Su Seo2, and Seon-Woo Lee1*

MinYoung Kim1, Keunwook Lee2*, Nam Joo Kang3*, and
Bong-Soo Kim1*
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Department of Applied Bioscience, Dong-A University, Busan 49315,
Republic of Korea, 2Department of Systems Plant Microbiology,
Pusan National University, Busan 46241, Republic of Korea

1

Department of Life Science, Multidisciplinary Genome Institute,
Hallym University, Chuncheon, Gangwon-do 24252, Republic of Korea,
2
Department of Biomedical Science and Research Institute for Bioscience
and Biotechnology, Hallym University, Chuncheon, Gangwon-do 24252,
Republic of Korea, 3School of Food Science and Biotechnology,
Kyungpook National University, Daegu 41566, Republic of Korea

Rhizosphere microbiota is known to have important roles in plant growth
and development. Previously, we showed that Flavobacterium dauae TCH32 (TCH3-2) activates tomato root microbiota to promote plant growth in
upland soil by an unknown mechanism. In this study, we conducted
transcriptome analysis of tomato roots in natural upland microbiota and
treated with TCH3-2. RNA-seq data revealed that TCH3-2 activates the
expression of genes involved in plant hormone signaling including
gibberellic acid (GA) and brassinosteroid (BR) in tomato root. To validate
whether the plant growth promotion by TCH3-2 and the upland microbiota
is associated with BR biosynthesis in tomato, we adopted a reductionist
approach with an upland soil-mimicking synthetic community (SynComT).
TCH3-2 and the SynComT were co-treated into Micro-Tom, a BR and GA
biosynthesis-defective tomato cultivar and normal tomato cultivar
Moneymaker. Interestingly, there was no difference in the plant growth of
Micro-Tom treated with TCH3-2 and SynComT compared to control.
However, TCH3-2 and SynComT promoted the growth of Moneymaker.
Our results suggested that native soil microbiota and Flavobacterium dauae
might promote plant growth via activation of plant hormone signaling.

The understanding interactions between host and microbes is important in
microbiome studies. Several in vitro and in vivo system have been used to
analyze these interactions. However, most in vivo studies have been used the
mouse models without validation of treated bacteria colonization. In this
study, we analyzed the colonization of treated bacteria in mouse model after
administration of antibiotics as a process of develop systems. We extracted
metagenomic DNAs from 72 fecal samples of 12 mice (8-9 weeks age; 24
non-treated, 24 Amoxicillin treated, and 24 antibiotics-cocktail treated
mice). The bacterial amounts were measured by quantitative real-time PCR,
and the shift of microbiota was analyzed using MiSeq platform. The
bacterial amounts and diversity were decreased after antibiotics treatment,
whereas and then they were recovered after 14 days of stop antibiotics
treatment. The bacteria amount was the lowest at 4 days during antibiotic
treatments and increased again after stop antibiotics treatment in
Amoxicillin group, whereas the lowest amount was at stop antibiotics
treatment and increased again after 7 days of stop antibiotics treatment in
cocktail group. Ileibacterium was the most decreased genus in both
Amoxicillin and cocktail group. The microbiota after antibiotics treatment
was different to the microbiota before treatment in both groups. Results in
this study will apply to develop the functional verification platform
technologies for holobiome research (Grant number-2021M3A9I4023974).

Keywords: Flavobacterium dauae TCH3-2, synthetic community, plant
growth-promotion
[This research was supported by Basic Science Research Program through
the National Research Foundation of Korea funded by the Ministry of
Education (2020R1A6A1A03047729) and Green Fusion Technology
Program funded by Ministry of Environment, Republic of Korea.]
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Combination of Flavobacterium dauae TCH3-2 and
Microbial Synthetic Community Enhance Tomato Growth
in Rhizosphere

Isolation of Gut Bacteria Capable of Degrading Various
Carbohydrates Such as Starch, Cellulose and Mannoside
from Korean Cattle ‘Hanwoo’ Feces

So Eon Kim, Sang-Moo Lee, Ju Hui Kim, Jee Eun Heo, and
Seon-Woo Lee*

Jae-Kyung Kim, Ki-Nam Yoon, Seo-Joon Yeom, Beom-Seok Song, and
Jong-Heum Park*

Department of Applied Bioscience, Dong-A University, Busan 49315,
Republic of Korea

Advanced Radiation Technology Institute, Korea Atomic Energy Research
Institute, Jeongeup 56212, Republic of Korea

Rhizosphere microbiota plays an important role in plant growth. Previously,
we showed that a novel species Flavobacterium dauae TCH3-2 affects
tomato rhizosphere and endosphere microbiota to promote plant growth in
upland soil. In this study, seven different strains were used as upland soilmimic synthetic community (SynComT) to test the combination effect of
plant growth-promoting effect with TCH3-2. None of individual SynComT
member could not promote tomato growth. Interestingly, the mixed
treatment of viable TCH3-2 and SynComT improved fresh weight, dry
weight, height, and stem width in tomato plant. To investigate plant growthpromoting activity by the SynComT, we adopted soil-free hydroponic
tomato cultivation system. Our hydroponic experiment showed that the
absence of specific taxa in SynComT cause the delay of plant development
and the reduction of plant growth-promoting activity in tomato plant.
Further investigation of SynComT-derived determinant for plant growth
promotion is under progress using the hydroponic system.

Gut microbiota of live stock are well known to improve growth performance
and immune system. In this study, we attempted to isolate and identify gut
microorganisms capable of decomposing various carbohydrates from
Korean cattle ‘Hanwoo’ feces. First, more than 100 kinds of anaerobic
bacterial strains isolated from ‘Hanwoo’ feces were cultured, followed by
homogenizing with a bead ruptor to prepare lysates, and their β-mannanase
activity was measured using substrate locust bean gum. As a result, only
CM01 strain lysate was able to degrade the substrate. In addition, the lysate
could additionally degrade carbohydrate substrates such as starch and
carboxymethylcellulose, but such an effect was not found for 5-bromo-4chloro-3-indolyl-galactopyranoside. 16S ribosomal RNA gene analysis
revealed that the CM01 strain was identified as Lacrimispora
algidixylanolytica. To test whether live L. algidixylanolytica CM01 and its
cell-free culture supernatant(CFS) also exhibit similar activity to that of the
CM01 lysate, they were inoculated onto agar plates containing each substrate
and then anaerobically incubated. Like its lysate, the results showed that
both live CM01 bacteria and its CFS had identical amylase, cellulase, and
β-mannanase activities.

Keywords: Hydroponic system, synthetic community, plant growth
promotion

Keywords: Anaerobic bacterial strain, strain CM01, carbohydrase activity

[This research was supported by National Research Foundation of Korea
(NRF) grant funded by the Korea government (MEST) (No.
2020R1A2C3005453) and Green Fusion Technology Program funded by
Ministry of Environment.]

N-46
Gut Microbiota Transition and Neuronal Nitric Oxide
Synthase (nNOS) Expression in Crowding Stress Mouse
Model

N-45
Isolation of Gut Bacteria Capable of Degrading Various
Carbohydrates Such as Starch, Cellulose and Galactoside
from Porcine Feces

Kyung Sun Eo1, Soyoung Yeo2*, Hyunjoon Park3*, and
Chul Sung Huh1,3*
1

Graduate School of International Agricultural Technology,
Seoul National University, Pyeongchang 25354, Republic of Korea,
2
Department of Agricultural Biotechnology, College of Agriculture and
Life Sciences, Seoul National University, Seoul 08826, Republic of Korea,
3
Institute of Green-Bio Science and Technology, Seoul National University,
Pyeongchang 25354, Republic of Korea

Jong-Heum Park, Ki-Nam Yoon, Seo-Joon Yeom, Beom-Seok Song,
and Jae-Kyung Kim*
1Advanced Radiation Technology Institute, Korea Atomic Energy Research
Institute, Jeongeup 56212, Republic of Korea

Over the last decade, interest in the gut-brain axis was surging, and
bidirectional communication between the organs has been described from
recent experimental approaches. The gut microbiota is regarded as one of
the critical regulators of the interaction with the immune system, the vagus
nerve, and the enteric nervous system. Neuronal nitric oxide synthase
(nNOS) produces NO in neurons in the brain. The paraventricular nucleus
(PVN) is one of the major hypothalamic nuclei that regulates NO production
during stress, and it is an important brain region in terms of the nNOS
expression. This study has investigated the correlation between the nNOS
and the gut microbiota using a stress-induced mouse in vivo model, a
genetically modified mouse with HiBiT sequence knock-in (KI) into the
nNOS gene. As a result, prolonged crowding stress increased nNOS
expression in the mouse hypothalamus and serum corticosterone
concentrations. Although gut microbiota and nNOS-related stress response
have not been clearly established, emerging evidence from this experimental
model supports the understanding that a significant role of gut microbiota
in mental health issues.

Keywords: Anaerobic bacterial strain, strain BG03, carbohydrase activity

Keywords: Gut-brain axis, chronic stress, nNOS
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Microorganisms present in the gut of livestock play a significant role in their
growth promotion and disease prevention. Here, we attempted to isolate and
identify gut microorganisms capable of decomposing various carbohydrates
from porcine feces. First, more than 100 kinds of anaerobic bacterial strains
isolated from porcine feces were cultured, followed by homogenizing with a
bead ruptor to prepare lysates, and their β-galactosidase activity was
measured using substrate 5-bromo-4-chloro-3-indolyl-galactopyranoside.
As a result, only four-strain lysates were able to degrade the substrate. In
addition, the lysates could additionally degrade carbohydrate substrates
such as starch and carboxymethylcellulose, but such an effect was not found
for locust bean gum. Of those strain lysates, strain BG03 was observed to
have the best carbohydrase activity and was identified as Mitsuokella
multacida by 16s ribosomal RNA analysis. To test whether live M. multacida
BG03 and its cell-free culture supernatant(CFS) also exhibit similar activity
to that of the BG03 lysate, they were inoculated onto agar plates containing
each substrate and then anaerobically incubated. Like its lysate, the results
showed that both live BG03 bacteria and its CFS had identical amylase,
cellulase, and β-galactosidase activities.
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A Novel Phocaeicola Species, Isolated
from Human Faeces

A Novel Sporolactobacillus sp. KGMB08714T, Isolated
from Korean Faeces

Hyo Eun Do1,2, Young Bong Ha1, Han Sol Kim1,3, Ji-Sun Kim1,
Min Kuk Suh1,3, Mi Kyung Eom1, Ju Huck Lee1, Seung-Hwan Park1,
Se Won Kang1, and Jung-Sook Lee1,4*

Min Kuk Suh1,2, Han-sol Kim1,2, Ji-Sun Kim1, Mi Kyung Eom1,
Hyo Eun Do1,3, Se Won Kang1, Ju Huck Lee1, Seung-Hwan Park1, and
Jung-Sook Lee1,4*
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3
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Korean Collection for Type Cultures, Korea Research Institute of
Bioscience and Biotechnology, Jeongeup-si 56212, Jeollabuk-do, Republic
of Korea, 2Department of Oriental Medicine Resources, Jeonbuk National
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Jeollabuk-do, Republic of Korea, 4Department of Biotechnology,
University of Science and Technology, Daejeon 34113, Republic of Korea
A novel Phocaeicola species KGMB11183T, was isolated from the faeces of a
healthy Korean. Cell of strain KGMB11183T were Gram-negative, Catalasenegative, and Oxidase-negative activity. Colonies on Gifu anaerobic medium
(GAM) agar are round and translucent. Growth of strain KGMB11183T
occurred at 30-45℃ (optimum, 37℃), at pH 6–9 (optimum, pH 8) and in
the presence of 0-0.5% NaCl (optimum 0%). Phylogenetic analysis based on
16S rRNA gene sequence revealed that strain KGMB11183T was showed
that formed a separate lineage in the genus Phocaeicola and were closely
related to Phocaeicola plebeius M12T (95.40%), Phocaeicola faecicola
AGMB3916T (94.19%). The predorminant cellular fatty acids(>10%) of
strain KGMB11183T were C18:1 cis9 FAME, anteiso-C15:0 FAME and summed
feature 11 (iso-C17:0 3OH and/or C18:2 DMA). Based on the taxonomic data,
strain KGMB11183T represents a novel species in the genus of phocaeicola.
The type strain is KGMB11183T (=KCTC 25284T).

A novel bacterium belong to Sporolactobacillus, KGMB08714T was isolated
from a faecal sample of a healthy Korean. Cells of strain KGMB08714T were
anaerobic, Gram-positive, endospore-forming straight rods with rounded
ends and approximately 2.7-3.1×0.6-0.7 µm in size. Colonies on MRS agar
(pH 5.2) are round, smooth and white. Phylogenetic analysis based on 16S
rRNA gene sequence showed that strain KGMB08714T belonged to the
geneus Sporolactobacillus and was closely related to Sporolactobacillus
putidus QC81-06T, with a 95.58% 16S rRNA gene sequence similarity. The
genome sequencing of strain KBGM08714T revealed a genome size of
4,414,702 bp, a G+C content of 47.7 mol%. It contains a total of 4,051 CDSs,
4 rRNA genes and 61 tRNA genes. According to the data obtained strain
KGMB08714T shared ANI value below 72.05%-72.94%, dDDH value below
20.5% with the closet species of Sporolactobacillus. The major cellular fatty
acids (>10%) of strain KGMB08714T were anteiso-C17:0 FAME, anteiso-C15:0
FAME and C16:0 FAME. Based on the phylogenetic and phenotypic
characteristics, KGMB08714T described as a novel species of the family
Sporolactobacillus.

Keywords: Phocaeicola sp. nov., human faeces, gut microbiota
[This work was supported the National Research Foundation of Korea
(NRF) funded by the Ministry of Science and ICT (MSIT) of the Republic of
Korea (NRF- 2016M39A9F3947962) and a grant from the Korea Research
Institute of Bioscience and Biotechnology (KRIBB) Research initiative
program.]

Keywords: Gut microbiome, sporolactobacillaceae, taxonomy
[This research was supported by the National Research Foundation of Korea
(NRF- 2016M39A9F3947962) funded by the Ministry of Science and ICT
(MIST) of the Republic of Korea and a grant from the Korea Research
Institute of Bioscience & Biotechnology (KRIBB) Research Initiative
Program.]
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A Novel Bacterium of the Genus Gordonibacter Isolated
from Faeces of Healthy Korean

The Evolution and Competitive Strategies of
Akkermansia muciniphila in Gut

Han Sol Kim1,2, Ji-Sun Kim1, Min Kuk Suh1,2, Hyo Eun Do1,3,
Mi Kyung Eom1, Ju Huck Lee1, Seung-Hwan Park1, Se Won Kang1, and
Jung-Sook Lee1,4*
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Akkermansia muciniphila is a commensal bacterium using mucin as its sole
carbon and nitrogen source. A. muciniphila is a promising candidate for
next-generation probiotics to prevent inflammatory and metabolic
disorders, including diabetes and obesity, and to increase the response to
cancer immunotherapy. In this study, a comparative pan-genome analysis
was conducted to investigate the genomic diversity and evolutionary
relationships between complete genomes of 27 A. muciniphila strains,
including KGMB strains isolated from healthy Koreans. The analysis
showed that A. muciniphila strains formed two clades of group A and B in a
phylogenetic tree constructed using 1,219 orthologous single-copy core
genes. Interestingly, group A comprised of strains from human feces in
Korea, whereas most of group B comprised of strains from human feces in
Europe and China, and from mouse feces. As group A and B branched,
mucin hydrolysis played an important role in the stability of the core
genome and drove evolution in the direction of defense against invading
pathogens, survival in, and colonization in the mucus layer. In addition,
WapA and anSME, which function in competition and post-translational
modification of sulfatase, respectively, have been a particularly important
selective pressure in the evolution of group A. KGMB strains in group A
with anSME gene showed sulfatase activity, but KCTC 15667T in group B
without anSME did not. Our findings revealed that KGMB strains evolved
to gain an edge in the competition with other gut bacteria by increasing the
utilization of sulfated mucin, which will allow it to become highly colonized
in the gut environment.

A novel Gram-positive bacterium, designated KGMB12511T, was isolated
from healthy Korean faecal sample. Strain KGMB12511T was an anaerobic,
non-spore-forming, and short rod-shaped bacterium. Phylogenetic analysis
based on 16S rRNA gene sequence showed that strain KGMB12511T was
closely related to Gordonibacter pamelaeae 7-10-1-bT (95.2%) and
Gordonibacter urolithinfaciens DSM 27213T (94.5%). Their optimal
temperature, NaCl concentration and pH for growth were 37℃, 0% (w/v)
NaCl and pH 7.5, respectively. The major cellular fatty acids (>10%) of strain
KGMB12511T were C18:1 cis9, C18:1 cis9 DMA, and C16:0 DMA. The draft
genome of KGMB12511T comprises 2,744 protein-coding genes and a total
3,326,705 bp genes with an N50 of 195,068. The DNA G+C content based
on whole genome sequences was 59.9 mol%, and contains 48 tRNAs and 3
rRNAs. Based on polyphasic taxonomic data, strain KGMB12511T represent
a novel species in the genus Gordonibacter. The type strain is KGMB12511T
(=KCTC 25343T).
Keywords: Gordonibacter sp. nov., human faeces, gut microbiota
[This work was supported by the National Research Foundation of Korea
(NRF) funded by the Ministry of Science and ICT (MSIT) of the Republic of
Korea (NRF-2016M39A9F3947962) and a grant from the Korea Research
Institute of Bioscience and Biotechnology (KRIBB) Research initiative
program.]

Keywords: Akkermansia muciniphila, environmental adaptation, evolution
[This work was supported by the National Research Foundation of Korea
(NRF) funded by the Ministry of Science and ICT (NRF2016M3A9F3947962) and Korea Research Institute of Bioscience and
Biotechnology (KRIBB) Research Initiative Program.]
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Korean Gut Microbiome Bank (KGMB)

Synbiotic Effects of 2’-Fucosyllactose and
Bifidobacterium on Human Gut Microbial Community
and Metabolite Changes Analyzed
by In Vitro Fecal Fermentation

Jung-Sook Lee1,5, Mi Kyung Eom1, Seung-Hwan Park1, Ju Huck Lee1, Se
Won Kang1, Ji-Sun Kim1, Min Kuk Suh1, Han Sol Kim1,
Byeong Seob Oh1, Jam-Eon Park1, Seung Yeob Yu1, Seoung Woo Ryu1,
Seung-Hyeon Choi1, Ji Young Choi1, Dong-Ho Lee2, Hyuk Yoon2,
Je Hee Lee3, and Insu Jang4

Hyunbin Seong, Dong Hyeon Lee, and Nam Soo Han*
Brain Korea 21 Center for Bio-Health Industry, Department of Food
Science and Biotechnology, Chungbuk National University,
Cheongju 28644, Republic of Korea
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Republic of Korea, 4Korean Bioinformation Center, Korea Research
Institute of Bioscience and Biotechnology, Daejeon 34141, Republic of
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Republic of Korea

Human milk oligosaccharides reach distal colon, collectively modify the gut
microbiota, and show various health functions. In this study, we developed
synbiotics with 2’-fucosyllactose (2’-FL) and Bifidobacterium sp. W1, and
analyzed their prebiotic effects on human intestinal microbiota. Among the
various Bifidobacterium isolates, the W1 strain could grow using 2’-FL as
carbon source and it was stable under human gastrointestinal conditions. In
digestibility tests, 2’-FL was not degraded by human digestive enzymes. In in
vitro fecal fermentation test, 2’-FL and W1 increased Bifidobacteria in genus
level and 2’-FL produced acetate and lactate and, less trimethylamine than
FOS. Analysis of these results indicated that 2’-FL and W1 played a synbiotic
role by the stimulation of probiotics in gut, producing the health promoting
metabolites, and preventing the production of secondary bile acid precursor.
Furthermore, when prebiotic effect of 2’-FL was evaluated using gut
microbiome health index score, it showed high prebiotic index value as
much as commercial prebiotics. This study demonstrates that both 2’-FL
and Bifidobacterium sp. W1 can be used as synbiotic to promote gut health
as prebiotic and probiotic.

The human gut is colonized by billions of commensal microbes, which
constitute a complex and diverse community known as the gut microbiota.
Physiological and omics-based studies to date have shown the potential for
human health and risk of disease be mediated or modulated by the gut
microbial community. In order to study the relationship between diseases
and gut microbiome, it is very important to isolate microorganisms from
gut. So far, many microbiome studies have been focused on metagenomic
analysis. Therefore, it has been difficult to subsequent studies using
microbial resources due to insufficient acquisition of gut microbiota. We
absolutely needed Korean microbiome research and started Korean Gut
Microbiome Bank (KGMB) project. Until now, we isolated and preserved
13,066 strains belong to 457 species from 835 healthy Koreans. Now, we
distribute the gut microbiota that we have isolated and preserved on our
website (https://www.kobic.re.kr/kgmb_dist). We also provide the
metagenomic analyses of gut microbial community and the coding
sequences (CDSs) in whole genome sequences of each isolate to help
recipients to select strains (https://www.kobic.kr/kgmb). We will also
expand the types of microorganisms distributed sequentially. For those who
want to use resources that are not currently distributed, we will support
recipients through consultation. We hope that the use of KGMB resources
will activate the microbiome research and industry.

Keywords: 2’-Fucosyllactose, Bifidobacterium, synbiotic effect

Keywords: Korean gut microbiome bank, KGMB
[This work was supported by the National Research Foundation of Korea
(NRF) funded by the Ministry of Science and ICT (NRF2016M3A9F3947962) and Korea Research Institute of Bioscience and
Biotechnology (KRIBB) Research Initiative Program.]
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Animal Gut Microbiome Bank (AGMB)

Disordered Development of Gut Microbiome Interferes
with the Establishment of the Gut Ecosystem
during Early Childhood with Atopic Dermatitis

Seoung Woo Ryu1, Byeong Seob Oh1, Seung Yeob Yu1,
Jeong Eun Bak1, Se Won Kang1, Seung-Hwan Park1, Mi-Kyung Lee1,
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As gut microbiota have been shown to play a fundamental role in human
health, in animal population and diversity of the gut microbiota are
responsible for their health including nutritional, physiological and
immunological functions. In several studies, livestock including pig and cow
microbiota were strongly correlated with host fitness and production along
with different growth stages. However, the perturbation of gut microbiota
called dysbiosis leads to loss of gut barrier function, and gives rise to
pathogenic infection. While metagenomics based on culture-independent
study largely contributed to discover the importance of gut microbiota in
human and animal health, isolation of gut microbes based on culturedependent study has been recently realized more important in gut
microbiota field because the isolated gut microbiota will be needed for
further study such as verification or characterization of the functions of gut
microbiota, and development of probiotic and pharmabiotics. Therefore, we
planned to collect large scale of animal gut microbiota from pigs and cows,
and has performed Animal Gut Microbiome Bank (AGMB) project since
2019. Until now, we have isolated and preserved 8,714 strains comprising
524 species from 192 pigs, 224 Korean cows, and 76 dairy cow samples.
Furthermore, from this year we have initiated the distribution of our isolated
gut microbiota; the information of microbes can be checked in the AGMB
homepage (https://www.kobic.re.kr/agmb/), and please contact to juhuck@
kribb.re.kr for the distribution. We believe that our resources will help the
research and development of animal gut microbiota.
Keywords: Gut microbiome, livestock, culturomics
[This work was supported by NRF (Project No. NRF-2019M3A9F3065226)]
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Gut microbiome ecosystem develop through assembly, succession, and
diversification during early life. This process is dynamic and critical to
establish healthy gut ecosystem. The establishment of the gut microbiome
during infancy affects to the immune system development and health status
during our life. Perturbations of the gut microbiota during this period can
contribute to development of allergic diseases. Although the alteration of gut
microbiome with atopic dermatitis (AD) has been reported, the
comprehensive understanding of microbiome-host crosstalk during
establishment of gut ecosystem in infants with AD still unclear. Here, we
analyzed the alteration of gut microbiome ecosystem in early childhood on
atopic dermatitis (AD) and the potential interactions between host and
microbiome that control this homeostasis. We analyzed the gut microbiome
in 346 fecal samples (6-36 months age; 112 non-AD, 110 mild AD, and 124
moderate to severe AD) by 16S rRNA gene sequencing and metagenomic
sequencing from the Longitudinal Cohort for Childhood Origin of Asthma
and Allergic Disease birth cohort. In addition, the bacterial amounts in fecal
were quantified by real-time PCR. The microbiome-host interactions were
analyzed in animal and in vitro cell assays. We analyzed the development of
the gut microbiome and alteration of functional genes at different age
according to AD severity. Although the gut microbiome maturated with age
in both AD and non-AD groups, dysregulated maturation of gut microbiota
and functional gene was observed in infant with AD. Disordered
colonization of short-chain fatty acids (SCFA) producers along with age led
to abnormal SCFA production and increased IgE levels. A butyrate
deficiency and downregulation of GPR109A and PPAR-γ genes were
detected in AD-induced mice. Insufficient butyrate decreases the oxygen
consumption rate of host cells, which can release oxygen to the gut and
perturb the gut microbiome. The disordered gut microbiome development
could aggravate balanced microbiome-host interactions, including immune
responses during early childhood with AD. These result can help to
understand the symbiotic relationships is critical for preventive and
therapeutic strategies to treat AD in early childhood.
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Description of Novel Strain Gaetbulibacter sp.
2012CJ34-3 Isolated from Marine Sponge Callyspongia
elongata

Description of Novel Strain Muricauda sp. 2012CJ35-5
Isolated from Marine Sponge Callyspongia elongate

Seung Min Han and Jin Sook Park*

Hannam University, Republic of Korea

JiYoon Shin and Jin Sook Park*

Hannam University, Republic of Korea

Gram-stain-positive, rod-shaped, aerobic, yellow- pigmented bacterium,
designated strain 2012CJ35-5T, was isolated from the marine sponge
Callyspongia elongata from the Chuja-myeon, Jeju-si, Jeju-do, Republic of
Korea (33°59'25.0"N 126°14'58.6"E). The Strain 2012CJ35-5T was able to
grow at pH 5.5-8.5 (optimum, pH 6.5), in the presence of 0.5-5% NaCl (w/v)
(optimum, 2.0%), and at 18–37℃ (optimum, 30℃). Phylogenetic analysis
based on 16S rRNA gene sequences revealed that strain 2012CJ35-5T
belonged to the family Flavobacteriaceae, and was most closely related to
Muricauda alvinocaridis SCR12T (95.71%). The predominat fatty acids were
C15:0 iso(31.73%), C15:1 iso G(29.15%), C17:0 iso 3OH(18.04%). The major
respiratory quinone was MK-6. The polar lipid profile contained PE, AL, L.
Phenotypic, phylogenetic, genomic and chemotaxonomic characteristics
showed that strain 2012CJ35-5T represents a novel species of the genus
Muricauda, 2012CJ35-5T sp. nov. is proposed.

Gram-stain-negative, rod-shaped, ivory- pigmented bacterium, designated
strain 2012CJ34-3T, was isolated from the marine sponge Callyspongia
elongata from the Chuja-myeon, Jeju-si, Jeju-do, Republic of Korea
(33°59'25.0"N 126°14'58.6"E). The Strain 2012CJ34-3T was able to grow at
pH 5.5-8.5 (optimum, pH 7.0-7.5), in the presence of 0-4.0% (w/v)
(optimum, 2.0%), and at 10-30℃ (optimum, 25℃). Phylogenetic analysis
based on 16S rRNA gene sequences revealed that strain 2012CJ34-3T
belonged to the family Flavobacteriaceae, and was most closely related to
Gaetbulibacter marinus IMCC1914T (96.47%). The major fatty acid is
iso-C15:0 (21.79%), iso-C15:1 G (18.77%), iso-C15:0 3OH (12.90%),
iso-C17:0 3OH (12.90%). The major respiratory quinone was MK-6. The
major lipid were phosphatidylethanolamine (PE). Phenotypic, phylogenetic,
genomic and chemotaxonomic characteristics showed that strain 2012CJ343T represents a novel species of the genus Gaetbulibacter, 2012CJ34-3T sp.
nov. is proposed.

N-57
The Characteristics of Bacteroides xylanisolvens
(DSM23964) from Human Gut
So Hyun Ki, Yujae Jeon, Byeong Kook Kim, Yong Sang Cho,
Jieun Park, and Taehyun Kim*
R&D Center, TE Bios Co.,Ltd., Osong, Republic of Korea
Here we report the biological characteristics and functional activity of a
Bacteroides xylanisolvens (DSM 23964) isolated from human gut. The strain
DSM 23964 was identified by its strictly anaerobic, non-spore-forming,
nonmotile and Gram-negative cells. The biological and functional
characteristics of the B. xylanisolvens (DSM 23964) was identified by SEM,
sequencing of 16S rRNA genes, RAPD PCR and ELISA for tumor-specific
antigen, Thomsen-Friedenreich (TF, CD176) antigen. The B. xylanisolvens
(DSM 23964) were short rod-shaped cells and 0.4-0.5 μm in width and 1-2
μm in length. The existence and expression of TF antigens on the surface of
B. xylanisolvens (DSM 23964) also identified by Bacterial ELISA. The solid
tumor-specific TF antigen can induce the anti-TF antibodies play a major
role in cancer immuosurveillance. Therefore, B. xylanisolvens (DSM 23964)
is an attractive candidate for immune boost and anti-tumor therapy.

Poster Session
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Calf Diarrhea Caused by Cryptosporidium parvum Alters
Gut Microbiota

Anti-Allergic Effect of Probiotic Bacteria in the Gut
Microbiome

Hyung Chul Cho1, Dong-Hun Jang1, Min Kyu Sang2, Yoong Seok Lee2,
and Kyoung-Seong Choi1*

Mi-Kyung Lee1, Jae-Young Lee1*, Yong Guan1*, and Kyungsook Jung2*
1

Biological Resource Center, Korean Collection for Type Cultures (KCTC),
Korea Research Institute of Bioscience and Biotechnology (KRIBB),
Jeongeup 56212, Republic of Korea, 2Functional Biomaterials Research
Center, Korea Research Institute of Bioscience and Biotechnology
(KRIBB), Jeongeup 56212, Republic of Korea

1

Department of Animal Science and Biotechnology, College of Ecology and
Environmental Science, Kyungpook National University, Sangju 37224,
Republic of Korea, 2Department of Life Science and Biotechnology,
College of Natural Sciences, Soonchunhyang University, Asan 31538,
Republic of Korea

Recent studies have shown that the gut microbiome influences the
development of allergic diseases. And some gut bacterial microbiomes are
known to play a role in alleviating allergic responses. Mast cells are known
as a key player in IgE-dependent allergic reactions and inflammatory
immune responses. Here, we investigated the anti-allergic effect of bacteria
isolated from the gut microbiome on IgE-mediated mast cell activation. 8
strains isolated from healthy human gut microbiome were acquired from
Korea Gut Microbiome Bank (KGMB), and we established the culture
method. To confirm the efficacy against IgE-mediated allergic responses, we
measured the release of β-hexosaminidase using bone marrow-derived
cultured mast cells (BMCMC) from C57BL/6 mice. Pre-incubation of
BMCMC with cultured microbiome (Lactobacillus sakei subsp.,
Bifidobacterium bifidum, Bifidobacterium animalis subsp.) resulted in dosedependent inhibition of anti-IgE-induced release of β-hexosaminidase.
Based on these results, we intend to confirm the therapeutic effect of in vivo
allergic disease model by modulating allergic and inflammatory immune
responses in further study.

Calf diarrhea leads to severe economic losses worldwide in the livestock
industry due to morbidity, poor growth rates, treatment costs, and mortality.
Outbreak of calf diarrhea is mainly associated with various infectious agents
such as virus, bacteria, protozoa, and parasites. Among these, there are few
studies available on changes in the gut microbiota during bovine viral
diarrhea virus (BVDV) and Cryptosporidium parvum infection. The
objective of this study is to investigate the alterations in gut microbiota in
calves infected with BVDV or C. parvum. A total of 92 fecal samples were
directly collected from diarrheic calves from June to August in 2019. DNA
and RNA were extracted and various pathogens causing calf diarrhea were
examined. Of these, only feces which were positive for C. parvum, BVDV,
and both BVDV and Escherichia coli (E. coli) were selected. Microbial DNA
was extracted, purified, and subjected to PCR amplification for the V3 and
V4 regions (Macrogen). The sequences were analyzed using QIIME2
software packages. Alpha and Beta diversity values were calculated using
QIIME2 core‐metrics. Differences were considered significant for P values
of 0.05 or below. 92 fecal samples were tested for BVDV, bovine coronavirus,
bovine rotavirus, C. parvum, Giardia duodenalis, and E. coli. Among 92
feces, BVDV and C. parvum were detected in 21 and 21 calves, respectively.
Co-infection with BVDV and E. coli was found in 6 calves. Among them, we
selected 7 BVDV-, 5 C. parvum-positive samples, and 3 co-infected samples
with BVDV and E. coli. Five feces in which the above-mentioned pathogens
were not detected were used as control. The diversity of bacterial populations
was significantly decreased in C. parvum-infected calves compared to other
groups. According to principal coordinates analysis (PCoA) based on BrayCurtis dissimilarity, the composition of microbiota in C. parvum-infected
calves was significantly different from that of other groups. C. parvuminfected calves had more abundance of Bacteroides fragilis and Ruminococcus
gnavus, while Lactobacillus johnsonii, L. reuteri and L. ultunensis had less
abundance than in control groups. These results show that C. parvum
infection leads to alteration in gut microbiota composition, resulting in
severe diarrhea. This study provides new insights to understand pathogenesis
of C. parvum.

Keywords: Microbiome, probiotics, allergic effect
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Characteristic of Tissue Microbiota in Korean Patients
with Prostate Cancer
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Prostate cancer is a major cancer in men with high morbidity and mortality.
Intra-prostatic inflammation with diet, chemical injury, and altered
microbiome can be a risk factor for prostate carcinogenesis. Previous studies
report that microbiome exist in prostate tissue and they can support prostate
tumor growth by promoting chronic inflammation. However, the study
about the role of the microbiota in prostate cancer is still limited. Here, we
analyzed the tissue microbiota between adjacent normal and tumor tissue in
Korean patients with prostate cancer (n=60). The microbiota and their
predicted functions were significantly differed between normal and tumor
tissue. The influence of type II diabetes mellitus (DM) on the tumor tissue
microbiota was found in this study. The microbiota (p=0.031) and predicted
functions (p=0.003) in tumor tissue were significantly different between
non-DM and DM. Predicted functions related to tumor development were
higher in tumor tissue than in normal tissue, and functions related to DM
were lower in both normal and tumor tissue of non-DM group. Results in
this study can help to understand the role of tissue microbiota in prostate
cancer.

Keywords: Calf diarrhea, microbiome, Cryptosporidium parvum
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The Influence of Microbiome in Adenoid and Gut on
Otitis Media with Effusion

Falsirhodobacter algicola sp. nov., an Alginate-Degrading
Bacteria Isolated from Marine Red Algae Grateloupia sp.

JaeWon Jo1, Seok-Min Hong2*, and Bong-Soo Kim1*

Eun-seo Cho, Chang-woo Ahn, Grace Choi, and Yong Min Kwon*

1

National Marine Biodiversity Institute of Korea (MABIK), Seocheon-gun,
Chungcheongnam-do 33662, Republic of Korea

Department of Life Science, Multidisciplinary Genome Institute,
Hallym University, Chuncheon, Gangwon-do 24252, Republic of Korea,
2
Dongtan Sacred Heart Hospital, Hallym University School of Medicine,
Otorhinolaryngology-Head and Neck Surgery, Hwaseoung 18450,
Republic of Korea

A Gram-negative, pale yellow-pigmented, non-flagellated, motile rods and
aerobic bacterium, designated strain PG104T, was isolated from red algae
Grateloupia sp. collected from the coastal area of Pohang, South Korea.
Phylogenetic analysis based on the 16S rRNA gene sequences indicated that
strain PG104T formed a phylogenetic lineage with members of the genus
Falsirhodobacter and exhibited 16S rRNA gene sequence similarities of 96.9
and 97.1% to Falsirhodobacter deserti W402T and Falsirhodobacter
halotolerans JA744T, respectively. Strain PG104T has a single circular
chromosome of 2,279,458 bp with a DNA G+C content of 66.68 mol% and
five plasmids; pL104-1 to pL104-5 with lengths ranging from 44,911 bp to
175,961 bp. The isolate chemoheterotrophically grew at 15-35℃ (optimum,
30℃), at pH 6.0-10.0 (optimum, pH 7.5-8.0) and with 0-8% (w/v) NaCl
(optimum, 5%). The predominant fatty acids (>10%) included C17:0, C18:0,
11-Methyl C18:1 ω7c and summed feature 8 (C18:1 ω7c) and the major
quinone was Q-10. Polar lipids included phosphatidylethanolamine,
phosphatidylcholine, phosphatidylglycerol, diphosphatidylglycerol, one
unidentified lipids, and one unidentified aminolipids. Based on polyphasic
taxonomic study, strain PG104T represents a novel species in the genus
Falsirhodobacter, for which the name Falsirhodobacter algicola sp. nov. is
proposed. The type strain of Falsirhodobacter algicola is PG104T (=KCTC
82230T=JCM 34380T).

Otitis media with effusion (OME) is defined as the presence of middle ear
effusion without acute inflammation. The microbiome in adenoid can be
one of the factors in the pathogenesis of OME. However, the influence of
adenoid microbiome in OME is still unclear. We analyzed the microbiome
in adenoid and gut of patients with OME compared to healthy control
group. We analyzed microbiome in adenoid and feces collected from
childhood (2-12 years old) with OME (adenoid n=15, feces n=14) and
healthy control group (adenoid n=18, feces n=18). Whole metagenome
sequences obtained from Illumina NovaSeq (250bp paired-end) were
analyzed based on HuManN3 pipeline. The diversity and composition of
microbiota were significantly different between adenoid and gut (p<0.01).
The taxonomic and functional features of microbiome in adenoid were
significantly different between healthy control group and patients with
OME (p<0.05), but not in gut. Six species were significantly different
between healthy control group and patients (p<0.05). The microbiome in
adenoid was affected by middle ear fluid type in patients (p<0.05). Eighteen
metabolic pathways differed between healthy control group and patients
(p<0.01). Results in this study can extend our understanding about the
influence of microbiome in the pathogenesis of OME (Grant number2019R1F1A1061016).

Keywords: Falsirhodobacter algicola sp. nov., Grateloupia sp., PG104

Keywords: Otitis media with effusion, adenoid microbiome, middle ear
fluid
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Metformin is the first line medication for treating type 2 diabetes that has
clear benefits in relation to the patients’ energy metabolism. Recently,
several studies have emphasized its interaction with the gut microbiota
affecting the drug efficacy. However, despite of their explicit correlation, the
causation of their function has not been revealed yet. In this study, we
conducted ex vivo fecal microbiota cultivation with treatment of metformin
and analyzed the fecal microbiome composition and its metabolite profiles.
In order to evaluate the effects of long-term use of metformin on the gut
microbiota adaptability, two fecal samples from patient metformin user and
a healthy individual were used. Metagenomic and metabolomic analyses
were performed based on 16S rRNA gene sequencing and mass spectrometry
(GC/MS and LC/MS/MS), respectively. Various statistical approaches
including univariate, multivariate, metabolic network visualization and
microbiome-metabolome integrative analyses showed significantly different
bacterial and metabolic profiles between the fecal samples as well as the
metformin treatments. In conclusion, our results suggest that metformin
would act as a regulator of gut microbial community and provide distinct
mechanisms on the human gut related to the bacterial adaptability to the
drug.
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Mutual Interactions of Transmissible Microbiota
from Oral Saliva to Facemask on Skin Trouble

Analysis of the Fecal Microbiomes at Different Growth
Stages of Korean Jindo-Dog Using 16S rRNA
Next-Generation Sequencing

Hanhee Na1,3, Dae-Hyuk2, Hwi Won Seo1*, and Choong-Min Ryu1*

Soyoung Choi, Bong-Hwan Choi, Kyung-Tai Lee, Minjeong Ko,
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Mi-rim Park, Yeong-jo Lim, and Woncheoul Park*
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Biotechnology and Bioengineering, Sungkyunkwan University,
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Animal Genomics and Bioinformatics Division, National Institute of
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Republic of Korea

Under COVID-19 crisis, wearing a facemask plays an important role in
preventing the droplet transmission of virus particles through person to
person. The long-lasting face mask wearing causes skin trouble such as acne
and contact dermatitis. The casual microbe was suspected as anaerobic
bacteria species. To understand the ecology of facemask microbiota related
to skin trouble, anaerobic microbiota isolated from facemask was evaluated
and validated with a mice model. The metagenome analysis of saliva,
facemask, and skin revealed that the facemask microbiome consists of skin
and oral microbiota. Among the facemask derived microbiota, ten
pathogenic bacteria were identified through in vivo intradermal infection.
Other non-pathogenic facemask microbiota closely interacted with
pathogenic bacteria and affect the growth and virulence of pathogenic
bacteria. In particular, the interaction of pathogenic bacteria and helper
bacteria enhancing virulence of pathogenic bacteria demonstrated that
composition of facemask microbiota can predict prevalence of facemaskinduced skin trouble. Moreover, we elucidated inhibition of helper bacteria
could indirectly suppress the pathogenic bacterial growth and virulence,
which contribute to mitigating the skin trouble. Taken together, our study is
first attempt to investigate the ecological interaction between microbiota
within facemask and it could be helpful to understand the impact of
facemask microbiome on skin trouble.

The gut microbiota has been allied to aging, immunity, disease, and
metabolism. In recent years, microbiome research has gained a lot of
attention, particularly in biology sectors like metabolic and gastrointestinal
illnesses, treatments, and diagnostics. The gut microbiome is considered to
be related to the progressive regulation of growth and development.
Therefore, the goal of this study was to find changes in the gut microbiome
at different growth stages using bacterial 16S rRNA sequences. We collected
the fresh feces of 6 Jindo dogs aged from 4 to 16 months and produces16S
rRNA sequences. The Illumina MiSeq platform was used to perform pairedend sequencing of the V3-V4 region of the bacterial 16S rRNA gene. After
removing chimeras and low-quality reads, an average of 56,983 reads per
sample remained. As result, we found that Firmicutes, Actinobacteria,
Bacteroidetes, and Fusobacteria were the most prevalent phyla, presented at
all growth stages. Shannon’s indices and observed-ASVs confirmed alpha
diversity of each growth stage, but there were no signiﬁcant differences.
Based on Bray-Curtis distance, beta diversity plots were constructed for all
samples and the result showed that 4 and 16 months were found to be
grouped respectively. We found significantly different 23 taxa between 4 and
16 months, and subsequently, we used the LEfSe analysis. At the age of 4
months, ten bacteria including Lactobacillus were detected to be significantly
higher than the age of 16 months. And the age of 16months, 13 bacteria
including Bacteroides were confirmed to be significantly higher than the age
of 4 months. In this study, we identified the composition of the microbiome
between 4 and 16 months and expected that the functions of intestinal
microbes will also differ according to age. To understand the association
between gut microbiota and growth in Jindo-dog, more research is needed
to compare the fecal microbiome of other breeds and examine the functional
analysis of the microbiome according to the growth stage.

Keywords: Ecological interactions, microbiome, skin trouble
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Genome Mining and Description of Chitinophaga horti sp.
nov., Isolated from Flower Garden Soil
Mingyeong Park
Microbiology, Kyonggi University, Gyeonggi-Do 16227, Republic of Korea
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A Gram staining negative, straw color and flexirubin test-positive bacterium,
designated GS18 was isolated from soil sample at the garden, Korea. Strain
GS18 hydrolysed gelatin but not starch and casein. Cells were aerobic and
grew well at 32-37℃. A phylogenetic analysis based on its 16S rRNA gene
sequence revealed that strain GS18 formed a lineage within the family
Chitinophagaceae and clustered as members of the genus Chitinophaga. The
closest members were Chitinophaga qingshengii JN246T (98.76% sequence
similarity), Chitinophaga eiseniae DSM 22224T (98.27%), Chitinophaga
varians 10-7W-9003T (98.27%), and Chitinophaga solisilvae O9T (97.69%).
The genome was 8,073,769 bp long and contained 6,336 protein-coding
genes. The major cellular fatty acids were iso-, and iso- 3-OH. The major
respiratory quinone was MK-7. The principal polar lipids were
phosphatidylethanolamine and aminolipids. The DNA G+C content of the
type strain was 48.8 mol%. Based on genomic, chemotaxonomi, phenotypic
and phylogenetic analyses, strain GS18 represents a novel species in the
genus Chitinophaga. The type is GS18.
Keywords: Chitinophaga horti
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Optimization of In Vitro Co-Culture Conditions for SCFAs
Cross-feeders Isolated from Korean Faeces

Alternations in the Bacterial and Fungal Communities
Interacted with Microcystins during Toxic Cyanobacterial
Blooms
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Cyanobacterial harmful algal blooms (HABs), which are caused by rising
water temperatures and global warming, generate toxic compounds, known
as cyanotoxins. Microcystins (MCs), which are hepatotoxicity, damage not
only human health but also the surrounding ecosystem. This study focused
on the effects of MCs on bacterial and fungal communities in the freshwater
body. Water samples of the Nakdong River from midstream to downstream
were collected at the 10 sites twice a week from July to August 2021 during
HAB season. Microbial communities were analyzed by 16S rRNA and ITS
sequencing. MC concentrations and water parameters were also measured.
At the Phylum level, population of Cyanobacteria and Proteobacteria
increased with MC concentrations. However, Actinobacteria, known as the
dominant phylum in the epilimnion, showed a decreasing trend. At the
Family level, Acetobacteraceae, Microscillaceae, and Oxalobacteraceae
showed a positive correlation with the MC concentration. A negative
correlation was detected between DO (Dissolved Oxygen) and MC
concentration. BOD (Biochemical Oxygen Demand) and TOC (Total
organic carbon) showed a positive correlation with MC concentration. Our
results demonstrated the effects of HABs on the microbial ecosystem in
freshwater.

Cross-feeding is an important metabolic interaction between microbes in
their habitats. Short-chain fatty acids (SCFAs) are important for maintaining
host cell metabolism and the immune system. SCFAs are produced by
SCFAs cross-feeders in the gut, and their interactions are critical to maintain
SCFAs concentration. Faecalibacterium prausnitzii and Bifidobacterium
adolescentis are commensals in the healthy gut, and they are known as crossfeeders in the production of SCFAs. F. prausnitzii produces butyrate by
using acetate produced by B. adolescentis. However, the co-culture
conditions for SCFAs cross-feeders are still limited. In this study, we
evaluated previously reported co-culture conditions using two isolated
strains from Korean feces (KCTC 5756, KGMB 08719). Four different
media (TSB, RCM, RCMB, YBHI) were used to evaluate co-culture
conditions. Single- and co-culture were conducted in an anaerobic condition
for 24 hours at 37℃. The growth of strains was assessed by OD600 absorbance,
quantitative real-time PCR using specific primers, CFU measurement, and
SCFAs measurement. We found the better medium for co-culture of these
two strains. Results in this study will be used to analyze the interactions
between SCFAs cross-feeders and host cells (Grant number-2021M3A9I
4023974).

Keywords: Water microbiology, cyanotoxin, microbiota
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Anti-Inflammatory Effect of Butyricicoccus on LPSInduced pro-Inflammatory Factors in Raw 264.7 cells

The Gut Microbiota Regulates Autism-like Behavior
by Mediating Synaptic Loss and Metabolites
in CLC4 KO Mice

Mingyu Kim and Hojun Kim*
Department of Rehabilitation Medicine of Korean Medicine,
Dongguk University, 814 Siksa-dong,Ilsandong-gu, Goyang-si 10326,
Republic of Korea

Yura Choi and Hojun Kim*
Department of Rehabilitation Medicine of Korean Medicine,
Dongguk University, 814 Siksa-dong, Ilsandong-gu, Goyang-si 10326,
Republic of Korea
Autism spectrum disorder (ASD) is a severe neurodevelopmental of
neuropsychiatric disorder that characterized by repetitive behavior,
abnormal sensory processing, restricted interests, and deficits in social
interaction and communication. Chloride ion channel 4 (CLC4) is highly
expression in the brain. The pathophysiology of CLC4 related development
disease is not yet understood. Our previous studies have shown that CLC4
KO mice have shown impaired social interaction, and memory function and
have over-activity like ASD and neuronal markers. In this study, we observed
differences of behavior, response of drug and gut microbiota derived
metabolite in KO mice were associated with gut microbiota composition.
The compositions of gut microbiota in CLC4 KO and WT mice were
significantly different in terms of the relative abundance of Muribaculaceae,
Alistipes, Prevotella, Gastranaerophilales and Oscillibacter. Also, we
investigated the effect of haloperidol on neuronal phenotypes and dysbiosis.
In addition, we administrated antibiotics to CLC4 KO mice. As a results,
haloperidol effect was interrupted by antibiotics on ASD like behavior and
metabolite. Our results suggests that ASD phenotype regulated by gut
microbiota composition.

Keywords: Anti-inflammatory effect, LPS, Butyricicoccus

Keywords: Gut microbiota, autism spectrum disorder, chloride channel
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According to the results of previous studies, Butyricicoccus were reported to
regulate acute intestinal injury and inflammation in LPS-induced mouse
models at the in vivo level. However, there have been no reports of studies
on the improvement of inflammation at the cellular level. Therefore, we
identified a potential mechanism for anti-inflammatory effects by treating
sterilized microorganisms for LPS-induced inflammation in Raw 264.7
cells. The concentration of microorganisms that do not affect cell viability
was selected through CCK-8 assay, and the anti-inflammatory effect was
confirmed through NO assay and qPCR. It was confirmed that the treatment
of microorganisms with 107CFU/ml did not affect the cell viability. Four
types of 15 microorganisms were selected through NO assay. As a result of
qPCR, it was confirmed that inflammatory cytokines such as INOS, COX-2,
and TNF-α were decreased at the mRNA level. These results show that
Butyricicoccus potential anti-inflammatory effect through modulating the
synthesis of several mediators and cytokines involved in the inflammatory
process.
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Bacterial Diversity of Aerobic Sporobiota in Human Gut
Explored by PCR-Based Profiling of Biosynthetic Gene
Clusters

Comparison of Microbial Community Profiling on Korean
Traditional Fermented Fish Products, Jeotgal, Produced
in Jeolla and Jeju Province Area

Haeyoung Jeong, Man Su Kim, Jung Ae Kim, Ha-Rim Kim,
Da-Eun Jeong, Jae-Gu Pan, and Soo-Keun Choi*

Gwangsu Ha, Su-Jin Shin, JinWon Kim, Su-Ji Jeong,
Myeong Seon Ryu, Ji Won Seo, Hee-Jong Yang, and Do-Youn Jeong*

Infectious Disease Research Center, Korea Research Institute of Bioscience
and Biotechnology (KRIBB), Daejeon 34141, Republic of Korea

Microbial Institute for Fermentation Industry (MIFI), Sunchang 56048,
Republic of Korea

Although being a minor proportion of human gut microbiota, aerobic
sporobiota recently draws attention due to its possible role in human health
and disease. As aerobic spore-formers such as Bacillus species are considered
soil microbes, characterization of aerobic sporobiota could elucidate their
adaptation to human gastrointestinal tract and help their application to
probiotic or therapeutic uses. We isolated 799 aerobic spore-forming
bacteria from 90 human fecal samples. Full-length 16S rRNA sequence
analysis, after dereplication into 168 clusters, classified them into 29 species
using EzBioCloud service, but a majority of them were designated as
Bacillus subtilis, B. tequilensis, B. amyloliquefaciens, B. siamensis and B.
velezensis, species that cannot be discriminated using 16S rRNA similarity
(>99%). We devised a simple PCR-based profiling method that leverages
species-specific differences in biosynthetic gene clusters (BGCs). 1,244
RefSeq genomes, re-allocated into species using fastANI (95% threshold),
were analyzed for gene presence/absence patterns, and three candidate
genes were found from bacillomycin D, difficidin, and macrolactin BGCs
from the BLAST score ratio analysis. Multiple lines of evidence such as
phylogenetic analyses using shared genes or MLST allele sequences
supported our species re-allocation. Primer sets designed from the speciesspecific multiple sequence alignments were used for classifying 485 isolates
into species level, resulted in that the largest species was B. subtilis followed
by B. velezensis and B. amyloliquefaciens. For few isolates that exhibited
ambiguous PCR patterns, MLSA could be applied.

To compare the microbial communities of Korean traditional fermented fish
products (Jeotgal) produced from two different area, Jeolla (JL) and Jeju (JJ)
province, and compare their taxonomic differences, we analyzed the V3-V4
region of 16S rRNA of collected Jeotgal samples by using next generation
sequencing. The results of α-diversity analysis showed that indices indicating
species richness such as ACE, Chao1, Jackknife are not significant. However,
there was a significant differences in diversity between JLand JJ at both
shannon (p=0.042) and phylogenic diversity (p=0.032). Firmicutes was the
most common phylum in both groups, representing 67.97% and 86.68% in
the JL and JJ groups respectively and the dominant genus in two area were
Lactobacillus and Tetragenococcus. Permutational multivariate analysis of
variance (PERMANOVA) to assess the statistical significance between two
groups showed that the statistical difference in microbial cluster between the
two groups was significant at the confidence level of p=0.003. Linear
discriminant (LDA) effect size (LEfSe) analysis was performed to reveal the
significant ranking of abundant taxa in two groups. A size-effect threshold
of 2.0 on the logarithmic LDA score was used for discriminative functional
biomarkers. The relative abundances of Enterococcaceae and Tetragenococcus
in JJ was twice as high as in JL. On the contrary, Vibrionacweae,
Halanaerobium and Weissella were about seven to ten times higher in JL.
Keywords: Jeotgal, NGS, microbiome
[This work was supported by a grant from Establishment of Integrated
Biobank for Agriculture, Food and Livestock Microbiome Project funded by
Ministry of Agriculture, Food and Rural Affaires (MAFRA)].
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Microbiological Analysis of Kimchi in Different Regions

Identification of Key Bacterial Taxa and Metabolic
Pathways Associated with Short-Chain Fatty Acid Profiles
in Human Gut by High Throughput Sequencing of
16S rRNA Gene

Gwangsu Ha, Yunjeong Noh, Ho-Jin Jeong, Se-won Park,
Hee-Jong Yang, and Do-Youn Jeong*
Microbial Institute for Fermentation Industry (MIFI), Sunchang 56048,
Republic of Korea

Hokyung Song1, Dabin Jeon2, and Tatsuya Unno1,2*
1

Subtropical/Tropical Organism Gene Bank, Jeju National University,
Jeju 63243, Republic of Korea, 2Faculty of Biotechnology, School of life
Sciences, SARI, Jeju National University, Jeju 63243, Republic of Korea

Kimchi is a traditional Korean fermented food made by major vegetables
(cabbage, radish, cucumber, etc.) and various minor materials (red pepper
powder, garlic, ginger, onion, etc.). In addition, Kimchi greatly varies
depending on the material and manufacturing method, and the degree of
fermentation varies according to the amount added. Microorganisms
involved in the fermentation of Kimchi are diverse, and lactic acid bacteria
such as Leuconostoc spp. and Lactobacillus spp. were dominated. In this
study, the microbial distribution of Kimchi by region (Gangwon-do,
Gyeonggi-do, Chungcheong-do, Jeolla-do, Gyeongsang-do) was analyzed
using the next-generation sequencing (NGS) method. All samples showed
good’s coverage of library of more than 99.8%, which gave sufficient
reliability for comparative analysis. In α-Diversity analysis, species richness
(ACE, Chao1) and bacterial community abundances (OTUs) were
measured. The microbial composition of Frimicutes was measured to be
more than 96% at the phylum level, and it was dominant in all Kimchi. In
addition, at the genus level, Lactobacillus (44.02%) and Weisella
(53.71~64.73%) were dominant in Gangwon-do and rest of the regions,
respectively. Also, at the species level, Weissella kandleri was commonly
dominant in Kimchi in all regions.

Short chain fatty acids produced by gut microbes are important for human
health in many aspects including intestinal homeostasis, regulation of
immune system and communication between gut and brain. In this study,
we performed an in vitro gastrointestinal digestion and fecal fermentation of
eight different prebiotics. After fermentation, microbial communities in the
samples including blank were identified through 16S rRNA gene sequencing
based on the Illumina MiSeq platform and the metabolic pathways of
identified communities were predicted using PICRUST2 software. The
amounts of short chain fatty acids were quantified using gas chromatography.
The results from Spearman’s correlation test showed that bacterial genera
which had positive correlation with short chain fatty acids were mostly wellknown producers of short chain fatty acids (e.g. Bifidobacterium) but also
included potential genera that could be directly or indirectly associated with
short chain fatty acid production (e.g. Allisonella). The metabolic pathways
that had significant positive correlation with short chain fatty acids included
“TCA cycle VII (acetate-producers)”. In contrast, “methanogenesis from
acetate” and “pyruvate fermentation to acetone” were negatively correlated
with short chain fatty acids.

Keywords: Kimchi, NGS, lactic acid bacteria
[This work was supported by a grant from the Establishment of Integrated
Biobank for Agriculture, Food and Livestock Microbiome Project funded by
the Ministry of Agriculture, Food and Rural Affairs (MAFRA)]
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Comparative Analysis of Gut Microbiota among Broiler
Chickens, Pigs and Cattle

Mouse Feeding Study and Microbiome Analysis of Lactic
Acid Bacteria Fermented Sourdough Bread for Evaluation
of Its Health Beneficial Effects

Ho Jin Jeong, Gwangsu Ha, Su-Jin Shin, Su-Ji Jeong,
Myeong Seon Ryu, Hee-Jong Yang, and Do-Youn Jeong*

Jeong-Eun Kwak and Ju-Hoon Lee*

Microbial Institute for Fermentation Industry (MIFI), Sunchang 56048,
Republic of Korea

Department of Agricultural Biotechnology, Department of Food and
Animal Biotechnology, Center for Food and Bioconvergence, Research
Institute of Agriculture and Life Science, Seoul National University,
Republic of Korea

To analyze gut microbiota of livestock in Korea and compare taxonomic
differences, we conducted 16S rRNA metagenomic analysis through nextgeneration sequencing. Fecal samples from broiler chickens, pigs, and cattle
were collected from domestic feedlots randomly. α-diversity results showed
that significant differences in species richness estimates were identified
among the three groups. However, NPShannon, Shannon, and Simpson
indices revealed that abundance and evenness of the species were statistically
significant only for poultry (broiler chickens) and mammals (pigs and
cattle). Firmicutes was the most predominant phylum in the three groups of
fecal samples. Linear discriminant (LDA) effect size (LEfSe) analysis was
conducted to reveal the ranking order of abundant taxa in each of the fecal
samples. A size-effect over 2.0 on the logarithmic LDA score was used as a
discriminative functional biomarker. As shown by the fecal analysis at the
genus level, broiler chickens were characterized by the presence of Weissella
and Lactobacillus, as well as pigs were characterized by the presence of
provetella and cattele were characterized by the presence of Acinetobacter. A
permutational multivariate analysis of variance (PERMANOVA) showed
that differences of microbial clusters among three groups were significant at
the confidence level (p=0.001). This study provides basic data that could be
useful in future research on the domestic livestock industry.

Sourdough bread which fermented with yeast and lactic acid bacteria (LAB)
has attracted the public interest on the health benefits. LAB fermentation
not only enhances digestion, but also provides a better taste and flavor. To
find out the health beneficial effects of sourdough bread, mouse feeding
study and microbiome analysis were performed. As a result, 40% sourdoughcontaining white bread (WBS) reduced glycemic index (GI), total
cholesterol, triglyceride and the ratio of LDL and HDL. This is probably due
to dietary fiber and short chain fatty acids by LAB and suggests a possible
risk reduction of diabetes and cardiovascular disease. And, WBS increased
magnesium absorption by phytate degradation during fermentation and
decreased pro-inflammatory cytokines (TNF-α and IL-6). Gluten
degradation by fermentation and antioxidation activity by gut microbiota
support this anti-inflammation activity of WBS. Microbiome analysis of
WBS showed increased some beneficial gut bacteria such as Lactobacillus,
Bifidobacterium and Akkermansia. Akkermansia has been suggested to be
associated with anti-inflammation. These results suggest that WBS has
health beneficial effects, such as GI and cholesterol lowering, mineral
absorption, anti-inflammation, and establishment of healthy gut microbiota.

Keywords: Feces, gut microbiota, next generation sequencing

Keywords: Sourdough, fermentation, microbiome

[This work was supported by a grant from the Establishment of Integrated
Biobank for Agriculture, Food and Livestock Microbiome Project funded by
the Ministry of Agriculture, Food and Rural Affairs (MAFRA)]
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Chronic Antibiotics Exposure Induce Alteration of Gut
Environment in Fish Models: Microbiota, Inflammation,
and Pathogen Susceptibility
Jun Hyeok Yang1, Sungmin Hwang3, Seungki Lee4, Se-Hui Lee5,
Park Sun5, Jin-Young Yang5, and Ki Hwan Moon1,2*
1

Dpartment of Marine Bioscience and Environment, Korea Maritime and
Ocean University, Busan 49112, Republic of Korea, 2Division of
Convergence of Marine Science, Korea Maritime and Ocean University,
Busan 49112, Republic of Korea, 3Clean Energy Research Center, Korea
Institute of Science and Technology (KIST), Seoul 02792, Republic of
Korea, 4National Institute of Biological Resources, Environmental
Research Complex, Incheon 22689, Republic of Korea, 5Mucosal
Immunology Laboratory, Department of Biological Sciences, Pusan
National University, Busan 46241, Republic of Korea
The gut microbiome is a diverse consortium of bacteria, archaea, fungi,
protozoa, and viruses that inhabit the gut of all vertebrate. These community
of microorganism plays important role not only metabolism, but also
nervous system, immune system, and pathogen resistance in the host. The
gut microbiome can be composed and changed by species, diet, age and
intake of antibiotics. Previous studies have shown that chronic antibiotics
exposure modulated gut microbiome and biochemical characteristics in
fishes. In this study, we hypothesized that chronic antibiotic exposure can
alter the composition of gut microbiome in the host, and influence to
pathogen susceptibility. We selected five antibiotics: ampicillin (Amp),
erythromycin (Ery) for the Korea native ricefish (Oryzias latipes), and
oxytetracycline (Otc), sulfamethoxazole/trimethoprim (Smx/Tmp) and
erythromycin for zebrafish (Danio rerio), and conducted chronic antibiotics
exposure assay for 30 days. The metagenomics analyses showed that the gut
microbiome of all antibiotic-treated groups was changed, and particularly,
distinct dysbiosis induced in the Amp and Ery groups of ricefish and Ery
groups of zebrafish. Exposure to Smx/Tmp and Ery influenced gut
microstructure of zebrafish by increasing goblet cells. Intriguingly, Smx/
Tmp and Ery exposure groups were less susceptible to representative fish
pathogen, Edwardsiella piscicida. Our study will provide new insights into
the interrelationship between the gut microbiome and pathogens.
Keywords: Antibiotics, gut microbiome, pathogen susceptibility
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Exploring Plant Beneficial Bacteria from
the Rhizosphere of Bacterial Wilt Resistant Tomato

The Detection of Erwinia amylovora, the Pathogen
Responsible for Fire Blight, via CRISPR/Cas Systems

Jaehyo Park1, Ju Yeon Song1, Boyoung Lee1, Soojin Kim1,
Seon-Woo Lee2, and Jihyun F. Kim1,3*

Ye Ram Cho1, Ju Yeon Song1, Boyoung Lee1, Geon Hui Son2,
Sang Hee Kim2, and Jihyun F. Kim1*

1

1

Department of Systems Biology, Division of Life Sciences, and
Institute for Life Science and Biotechnology, Yonsei University, Seoul,
Republic of Korea, 2Department of Applied Biology, Dong-A University,
Busan, Republic of Korea, 3Strategic Initiative for Microbiomes in
Agriculture and Food (iMAF), Yonsei University, Seoul, Republic of Korea

Department of Systems Biology, Division of Life Sciences, and Institute for
Life Science and Biotechnology, Yonsei University, Seoul 03722, Republic
of Korea, 2Division of Life Science, Gyeongsang National University,
Jinju 52828, Republic of Korea
CRISPR/Cas systems, the bacterial and archaeal immune system, have been
highlighted in its application in genome editing and the diagnosis of
infection and disease. Cas12 and Cas13 CRISPR/Cas systems possess the
capability to detect target nucleic acids, coupling it with non-specific,
collateral nuclease activity. We aim to utilize CRISPR/Cas systems to
diagnose fire blight. Fire blight is an infectious disease of fruit crops,
including apple and pear trees, caused by the bacterium Erwinia amylovora.
Fire blight is highly contagious and causes severe disease symptoms to its
host, resulting in a profound loss in crop agriculture, thus categorizing it as
a quarantine disease. In South Korea, fire blight outbreaks have occurred
every year since 2015. To develop diagnostic technology for fire blight
utilizing the CRISPR/Cas system, we selected target sequences through
genome analysis and evaluated the application of CRISPR/Cas systems in
detection of E. amylovora.

Soil is a favorable habitat for various microorganisms and plants. Plants in
the soil provide appropriate environments for the microorganisms, resulting
in an assembly of microbial communities associated with plant roots. The
microorganisms in the rhizosphere play roles in modulating plant
phenotypes, such as development, growth, response to stress, and disease
resistance. In particular, the rhizosphere bacteria often protect the plant
from infection by phytopathogens via directly antagonizing the pathogen or
indirectly inducing systemic resistance. In this study, the rhizosphere of
bacterial wilt resistant tomato was used to collect microorganisms that
contribute to the bacterial wilt resistance. We isolated bacterial colonies
grown on various culture media with varied nutrient compositions.
Consequently, a total of 1,758 isolates were identified. By comparing 16s
rDNA sequences of the isolates in the culture collection with metagenomic
data, we selected the strains which have the potential to improve plant
resistance, and the suppressive effects of the strains was tested against
bacterial wilt disease. The results from this study will provide resources to
discover plant probiotics and understand plant-microbe interactions.

Keywords: Diagnosis, Erwinia amylovora, CRISPR/Cas system

O-3

Keywords: Plant-associated bacteria, disease resistance, plant probiotics

Rhizosphere-Derived Novel Verrucomicrobiota Species
Improve Plant Health in Tomato
Minseo Choi, Hyoung Ju Lee, Jee Eun Heo, and Seon-Woo Lee*
Department of Applied Bioscience, Dong-A University, Busan 49315,
Republic of Korea

Keywords: Rhizosphere, Verrucomicrobiota, plant Health
[This research was supported by National Research Foundation of Korea
(NRF) grant funded by the Korea government (MEST) (No.
2020R1A2C3005453) and Green Fusion Technology Program funded by
Ministry of Environment.]
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Plant-associated rhizosphere microbiota contributes to plant growth
promotion and disease resistance. Bacteria in the phylum Verrucomicrobiota
and phylum Planctomycetota are cosmopolitans in plant rhizosphere, but
there is few report on the culturable strains in those phyla and thus their
functions are enigmatic. This study aimed to isolate bacteria of
Verrucomicrobiota and Planctomycetota from tomato rhizosphere and to
study plant-microbe interactions in those phyla. To obtain the bacterial
strains, tomato rhizosphere fractions were enriched by a liquid culture using
various carbon sources and antibiotics. Using the enrichment culture, 27
novel bacterial species were isolated including 1 species of Planctomycetota
(P1) and 2 species of Verrucomicrobiota (V1, V2). To investigate the effect
of isolated strains on plant health, promotion of plant growth and disease
resistance to bacterial wilt (BW) were assessed in Hawaii 7996 plant treated
P1, V1, and V2. Among three isolated bacteria, the treatment of V2 increased
the plant fresh weight and hypocotyl length in tomato. Interestingly, V2
treatment also enhanced the number and length of root hairs in tomato. In
addition, V1 treatment significantly suppressed the disease severity of BW in
tomato, compared to control. Taken together, our results showed that
isolated novel two Verrucomicrobiota species enhance plant growth and
disease resistance in tomato plant. The further study to understand the
mechanism of tomato-Verrucomicrobiota interaction is under progress.
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Polyclonal Antibody against Bacterially Expressed
Levansucrase to Differentiate between
Erwinia amylovora and E. pyrifoliae

Evaluation of Hot-Water Treatment on Disinfection and
Seedling Growth in Organic Wheat

Ahyeon Lee, Eun Seon Moon*, Seongdae Kim*, and Chang Won Choi*

Min Jeong Kim, Jae Eun Choi, Chang Ki Shim*, Jae Hyeong Lee, and
Choeki Wangchuk

Department of Biology, Graduate School, Pai Chai University,
Daejeon 35345, Republic of Korea

Organic Agriculture Division, National Institute of Agriculture Sciences,
Wanju 55365, Republic of Korea

In Korea, Erwinia amylovora causes fire blight, while E. pyrifoliae causes
shoot blight of apple and Asian pear trees. Comparative genomics between
E. amylovora and E. pyrifoliae showed that both species are overall highly
similar, although specific differences were identified. E. amylovora has lsc
gene functioning levansucrase while E. pyrifoliae lacks the gene covering
this extracellular enzyme. The cloned lsc gene of E. amylovora was expressed
in E. coli by using the pET-28a vector, the purified recombinant levansucrase
(rLsc) was injected into mice as antigen, and polyclonal antibody (pAbrLsc) was purified from mice sera. When analyzed by Western blot analysis,
cell lysates extracted from cultured E. amylovora strongly reacted with pAbrLsc but did not with cell lysates extracted from cultured E. pyrifoliae. The
detection limit of pAb-rLsc was 100 ng of rLsc. Therefore, levansucrase may
contribute to the difference in virulence/host range between the two species.

A hot water seed treatment under practical conditions against bacteria and
fungi-naturally infected organic wheat seed, was compared with a difference
temperature of water treatment in laboratory experiments. For the hot water
treatment under practical conditions four wheat varieties were dipped into
hot water at 45, 48, 52, and 55℃ in a tea bag during 3, 5, 6, and 10 minutes,
then rapidly dipped into cold water and air-dried at room temperature
during 30 minutes. Hot water treatment under practical conditions was as
efficacious against bacteria and fungi on wheat seed as the laboratory hot
water treatment. Among the treatments, 48℃ had no damaging effect on
the germination of seeds and improving seedling growth compared to the
untreated control. It was concluded that for organic farming, hot water
treatment of wheat seeds at 48℃ for 3 or 5 minutes are an alternative to the
chemical seed dressing against bacteria and fungi.

Keywords: E. amylovora, E. pyrifoliae, levansucrase

Keywords: Disinfection, seed borne, wheat
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Isolation of Plant Growth Promoting
Rhizo-Microorganisms for Replanting of Liriope
platyphylla, Hosta longipes (Franch. & Sav.) Matsum and
Aster koraiensis in Damaged Topsoil

Isolation, Characterization and Identification of
Halotolerant Plant Growth Promoting Rhizbacteria from
Lycopersicon esculentum L.
Eun-Hae Kwon, Ji-In Woo, Jin-Ryeol Jeon, Sang-Mo Kang, and
In-Jung Lee*

Ji Seul Kim1, Jun-Ho Kim1, and Eun-Young Lee2*
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Department of Environmental Engineering, The University of Suwon,
Hwaseong 18323, Republic of Korea, 2Department of Environmental and
Energy Engineering, The University of Suwon, Hwaseong 18323,
Republic of Korea

Department of Applied Biosciences, Kyungpook National University,
Daegu, Republic of Korea

The initial settlement of the replanting process is very important for the
restoration of damaged topsoil. To make this successful, plant growth
promoting rhizo-microorganisms (PGPR) were isolated, and 3 types of
plants to be applied to damaged areas were selected. They are easy to
manage, can be food for wildlife, and are economical and easy to obtain in
large quantities. To isolate their rhizosphere soil and root, purchased potseedling or wild plants were collected. They were screened for strains using
the serial dilution method. In order to investigate the plant growth
promoting ability of each strain, IAA production ability, ACC deaminase
activity ability, siderophore synthesis ability, and phosphate solubilization
ability were measured. As for microorganisms having both siderophore
synthesis ability and phosphate solubilization ability, 19 strains were selected
from Liriope platyphylla, 22 strains from Hosta longipes (Franch. & Sav.)
Matsum., and 10 strains from Aster koraiensis. IAA production ability and
ACC deaminase activity were measured for these.
Keywords: PGPR, damaged soil, replanting

Keywords: Salinity stress, PGPR, greenhouse

610

Poster Session

Due to a reduction in soil moisture potential, salinity stress can be
devastating to crop output. It directly impacted around 50% of irrigated land
around the world. The plant rhizosphere is home to a genus of saprophytic
bacteria known as plant growth promoting rhizobacteria (PGPR). PGPR is
well known for aiding plant uptake of nutrients from the soil and building
tolerance to salt stress. The purpose of this study was to see how the
rhizosphere microbe gathered in the greenhouse helped to relieve salt stress
and promote plant growth. 130 PGPR strains were isolated from soil
collected from a tomato greenhouse in Gunwi-gun, Republic of Korea.
Based on the examination of growth promoting factors against abiotic stress,
ten PGPRs were selected: 1) Ability to produce IAA 2) Phosphate solubilizing
activity. These PGPR was identified using 16S rDNA gene sequencing.
Denitrificimonas caeni KJWG216, Priestia megaterium KJWG222, Priestia
aryabhattai KJWG227, Bacillus aerius KJWG006, Bacillus altitudinis
KJWG014, Bacillus velezensis KJWG113 and Bacillus safensis KJWG134 are
effective in terms of phosphate solubilizing activity and IAA generation.
These findings imply that our isolates might be employed as environmentally
friendly biologics to prevent salt accumulation in facility crops.
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Library Construction for Actinomycetes with Plant
Parasitic Nematode Activity and Isolated Compounds

Alteration of Symbiotic Microbiome Following the Decline
of Korean Fir tree (Abies koreana) in Regions of Mt.
Hallasan, Jeju Island, the Republic of Korea :
Preliminary Findings

Min-Kyoung Kang1, Hyeon Ji Jeong1,3, Byeong Min Lee1,
Bong hyun Sung2, Jong-Hoon Kim1, Dong-Jin Park1, and
Kwang-Hee Son1*
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Nematodes are the most abundant multicellular species on Earth and play
an important role in the maintenance and conservation of ecosystems.
However, crop damage from nematodes is estimated at around $130 billion
in global agricultural productivity. Organic synthetic agents are used to
control nematodes harmful to crops, and since high soil diffusivity is
required, it has strong volatility and wide insecticidal properties. Due to
these characteristics, it is affected by toxicity, long residence time,
environmental pollution and resistance generation problems. Therefore, it is
urgent to develop an eco-friendly pesticide to replace it. The development of
biological pesticides is global, and recently, pesticides and pharmaceutical
companies are entering the pesticide market using microorganisms or their
metabolites by switching from chemical-based pesticides to biological fields.
In our study, nematode activity screening was performed from 8,000 soil
actinomycetes that produce useful metabolites. Actinomycetes with activity
were selected and identified based on 16S rRNA to construct an nematicidal
active strain library. By separating the active compound from the selected
strain, it was attempted to secure a data base that could be used in the future
nematode control market.

The Abies koreana (Korean fir) population is declining at an accelerating
rate on Mt. Hallasan in Jeju Island, Republic of Korea. Several prior studies
have reported various inconclusive reasons, indicating that additional data,
such as data on microbial communities that promote plant growth and
resistance to abiotic stresses, are required to further understand the
phenomena. To the best of our knowledge, this is the fir trees investigation
that documents the changes in the soil microbial and fungal community and
soil physicochemical properties as the result of the decline of the Korean fir
forest. Here, high throughput sequencing data were provided for the soil
micro-and mycobiome of Korean fir trees, identifying the bacterial and
fungal composition differences between the soil of healthy Korean fir (HKF)
and dead Korean fir (DKF). The results showed that the DKF soil of the
fungal community was distinctly separated from the HKF soil. Interestingly,
HKF soil comprised dominant symbiotic fungi (Russula, Sebacina, and
Phenoliferia), whereas the microbial composition in DKF samples
comprised abundant saprotrophs, such as Trichoderma, Ascocoryne, and
Umbelopsis. Only rhizosphere soils showed differences in the fungal cooccurrence network and were associated with soil physicochemistry.
Representative ectomycorrhizal (ECMs) fungi in HKF soils, such as
Phenoliferia, were strongly positively correlated with a few soil
physicochemical features: organic matter (OM) and cation exchange
capacity (CEC). Additionally, the representative fungal genera in HKF soil
had a strong positive correlation with only a few soil physicochemical
features: K+, Na+, Avail P, and cation exchange capacity (CEC). Our findings
shed light on the soil micro-and mycobiome of dead and live A. koreana
plants and their relationship with ecological edaphic factors. The woody
plant-associated symbiotic fungi, including ECMs, was also highlighted as a
potential bio-marker of the Korean fir forest ecosystem health.

Keywords: Actinomycetes, nematode control, pesticide
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Lactic acid bacteria (LAB) show the high activity against root-knot
nematodes. However, they have not yet been used for root-knot nematode
(Meloidogyne incognita) control due to a lack of economic efficiency.
Herein, we isolate the LAB from kimchi and evaluate the nematicidal
activity for LAB. The nematicidal activity and egg hatching inhibitory
activity of LAB culture filtrate were dose-dependent. In particular, the LAB
culture filtrate induced complete mortality of Meloidogyne incognita at 2.5%
concentration, and the inhibitory activity of the combination of LAB culture
broth and copper sulfate for the gall formation was increased in pot tests.
These results suggest that the combination of LAB culture filtrate and
copper sulfate can be applied as a microbial nematicide.
Keywords: Lactic acid bacteria, copper sulfate, root-knot nematode
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Microbial Synthetic Community Activates Bacterial Wilt
Resistance in Tomato Cultivar-Dependent Manner

Characterization of Bacteriophage PCT27 and
Endolysin LysPCT Targeting Phytopathogen
Pectobacterium carotovorum subsp. carotovorum

Joo Hwan Kwon, Kihyuck Choi, Hyoung Ju Lee, Jee Eun Heo, and
Seon-Woo Lee*

Gio Kim and Minsik Kim*

Department of Applied Bioscience, Dong-A University, Busan 49315,
Republic of Korea

Department of Food and Nutrition, Brain Korea 21 FOUR, College of
Human Ecology, Yonsei University, Seoul 03722, Republic of Korea

Bacterial wilt (BW) is caused by soil-borne pathogen Ralstonia
solanacearum. Previously, we found that the rhizosphere microbiota of BWresistant Hawaii 7996 (H6) grown with the upland microbial fraction confer
BW resistance but not in the susceptible cultivar Moneymaker (MM). In this
study, based on the in sillco rhizosphere microbiome data, synthetic
community (SynCom) was constructed with nine bacterial strains using
DEseq2 and Random Forest. Among nine SynCom members, seven strains
were more abundant in the rhizosphere of H6 grown with the upland
microbial fraction, compared to forest microbial fraction. None of individual
SynCom member was not antagonistic against R. solanacearum strain
SL341 in vitro. To assess the differential BW resistance by SynCom, cell
suspension of SynCom was treated into root system of H6 and MM plants.
Interestingly, SynCom treatment significantly attenuated the disease severity
of BW caused by R. solanacearum SL341 in H6, but not in MM. Our result
indicated that SynCom fortify H6-specific BW resistance in tomato plant.
Using the SynCom used in this study as a model, we attempt to disentangle
the cultivar-specific quantitative BW resistance in tomato plant.

As antibiotic resistant bacteria rapidly spread and threaten global health,
‘One Health’ approach comprehending that human health is inextricably
linked to the health of animals and plants is now becoming more important
to combat this crisis. Minimizing indiscriminate antibiotics use is, thus,
required in various fields including agriculture. Here, we investigated the
usability of bacteriophage PCT27 and its endolysin LysPCT as alternative
antimicrobials in the control of Pectobacterium carotovorum subsp.
carotovorum (Pcc), a phytopathogen causing soft rot disease in various
crops. PCT27 belonging to the family Autographiviridae efficiently inhibited
the host Pcc growth within 1 h post-infection by recognizing Pcc colanic
acid as a receptor. The quick adsorption of over 90% bindings within 3
minutes could support this efficient control. By adding PCT27, MIC of
Streptomycin for Pcc control was lowered by 50%, showing that PCT27 can
effectively reduce the antibiotics uses. Endolysin LysPCT, a predicted single
globular amidase, exhibited a broader target spectrum than PCT27 but
required an outer membrane permeabilizer for the activity. These overall
findings suggest the potential of PCT27 and LysPCT as developing
candidates of alternative biocontrol agents in Pcc control.

Keywords: Bacterial wilt, tomato, synthetic community

Keywords: Bacteriophage, endolysin, Pectobacterium carotovorum subsp.
carotovorum
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Core Microbiota Analysis of Cabbage, Carrot, Radish,
and Soil in Jeju Island

Isolation and Characteristics of Bacillus velezensis
KTA Producing Antifungal Compounds

Gi Beom Keum, Jae Hyoung Cho, Eun Sol Kim, Hyunok Doo,
Jinok Kwak, Sriniwas Pandey, Sumin Ryu, Ye Jin Choi, Seangjin Yun,
Hyeri Kim, Sheena Kim, and Hyeun Bum Kim*

Tae-An Kang1, Kihwan Kim1, GyuDae Lee1, Juhyung Shin2,
Byeonggyu Kim2, Youjin Park3, Jae-Ho Shin1,2,3*, and Won-Chan Kim1,2,3*

Department of Animal Resources Science, Dankook University, Cheonan,
Republic of Korea
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Department of Applied Biosciences, Kyungpook National University,
Daegu 41566, Republic of Korea, 2Department of Integrative Biology,
Kyungpook National University, Daegu 41566, Republic of Korea,
3
School of Applied Biosciences, Kyungpook National University,
Daegu 41566, Republic of Korea
The peach tree gummosis is a phenomenon in which dark brown resin is
secreted from the stems or branches of fruit trees. It is known that
Botryosphaeria dothidea is one of the fungi causing peach tree gummosis,
and in South Korea, approximately 80% of gummosis diseases occur by B.
dothidea. In this study, we isolated microbes that have antifungal activities
against B. dothidea. Bacillus velezensis KTA showed the highest antifungal
activity by antagonism test. B. velezensis KTA was isolated from peach
orchard soil and identified as B. velezensis KTA using phylogenetic analysis
based on the 16S rRNA. To test the active ingredients of the B. velezensis
KTA, we checked whether genes could produce antibiotics using PCR
analysis and analyzed the complete genome sequence of B. velezensis KTA.
Then, it was confirmed that B. velezensis KTA could produce antibiotics
known to inhibit the growth of B. dothidea, such as bacilysin, iturin A,
surfactin, and fengycin. Taken together, B. velezensis KTA can be used as a
multifunctional agent for biocontrol of peachtree gummosis pathogen.

Keywords: Plant, soil, microbiome

Keywords: Plant-microbes interaction, lipopeptides, gummosis
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The microbial community of plants is closely related to the soil, and various
soils are distributed in Jeju Island. In this sutdy, the microbiome of
agricultural products and soil was investigated from 10 regions of Jeju
Island. Cabbage (n=8; Brassica oleracea var. capitata), Carrot (n=8; Daucus
carota subsp. sativus), Radish (n=4; Raphanus raphanistrum subsp. sativus)
and soil (n=20) samples were collected, and through analysis of hypervariable
region (V5-V6) of 16S rRNA genes, bacterial communities were identified.
16S rRNA gene sequencing was performed using Illumina MiSeq platform
and then analyzed with MicrobiomeHelper and QIIME2 workflow.
According to the alpha diversity indices, microbial diversity was higher in
soil than in agricultural products, and beta diversity analysis showed that the
microbial community structures of the two groups were significantly
different. At phylum level, Proteobacteria were most dominant in
agricultural products whereas Actinobacteria in soil. At genus level, genera
Sphingomonas and Bradyrhizobium, which are involved in promoting plant
growth, were significantly higher in agricultural products. The result of this
study showed that the bacteria colonized selectively in host.
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Cooperation of Niallia circulans and Pseudomonas putita
Promotes Plant Health in Tomato

Enhanced Accumulation of Pinosylvin Stilbenes and
Related Gene Expression in Pinus strobus
after Infection of Pine Wood Nematode

Sang-Moo Lee, Roniya Thapa Magar, MinKyeong Jung, and
Seon-Woo Lee*

Hwan Su Hwang1, Tae Lim Kim1, Jung Yeon Han2, Il Hwan Lee1, and
Yong Eui Choi2*

Department of Applied Bioscience, Dong-A University, Busan 49315,
Republic of Korea
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Forest Bioresources Department, National Institute of Forest Science,
Suwon 16631, Republic of Korea, 2Department of Forest Resources,
College of Forest and Environmental Sciences, Kangwon National
University, Chuncheon 200-701, Republic of Korea.

Majority of soil microbiota remain unexplored because of their
unculturability in vitro on standard culture media. Therefore, the application
of microbial species in biological control of plant disease is limited to
culturable microorganisms. In this study, we isolated a beneficiary
bacterium, Niallia circulans RD1, from the surrounding of a helper
bacterium Pseudomonas putida H3, from tomato rhizosphere soil. The
single beneficiary RD1 showed low bacterial growth without the helper H3
in standard culture media. Through in vitro experiments, the viability,
morphological plasticity, biofilm formation, and swimming motility of RD1
were determined by the proximal requirement of H3. Interestingly, these
cooperation of RD1 and H3 protected host plant against bacterial wilt
disease caused by Ralstonia solanacearum SL341 in tomato without plant
growth penalty. The random mutagenesis of H3 allowed us to identify
succinate as RD1 growth-promoting agent. Exogenous succinate promoted
the bacterial growth, biofilm formation and swimming motility of RD1
without H3. Interestingly, the co-treatment of malonate, which is a
competitive inhibitor of complex II in electron transport chain, inhibited
RD1 growth on succinate-containing medium. These data showed that the
growth promotion of RD1 by succinate is mediated by complex IIdependent electron transport chain. Taken together, our results firstly
demonstrated a syntrophic interaction of beneficiary and helper bacteria
that promotes host plant health in rhizosphere soil. Further comparative
genomics analysis to investigate the mechanism of RD1 growth promotion
by succinate was under progress.

Pine wood nematodes infect pine trees and cause serious pine wilt disease.
Eastern white pine (Pinus strobus) has resistance to PWN. However, the
detailed defense mechanisms of P. strobus against PWN are not well known.
When P. strobus plants were infected with PWNs, the accumulation of
stilbenoids, dihydropinosylvin monomethyl ether (DPME) and pinosylvin
monomethyl ether (PME) was increased remarkably. Both DPME and PME
had high nematicidal activity. The nematicidal activity of the two
compounds was resulted in a developmental stage-dependent manner.
Pinosylvin monomethyl ether was more toxic to adult PWNs than juveniles,
whereas DPME was found more toxic to juvenile PWNs than the adults.
The genes involved in PME and DPME biosynthesis were isolated using de
novo sequencing of the transcriptome in P. strobus. qPCR analyses of the
selected genes (PAL, 4CL, STS and PMT) including TFs (bHLH, MYB and
WRKY) revealed that the expression level of the selected genes highly
enhanced after PWN infection. Our results suggest that pinosylvin-type
stilbenoid biosynthesis is highly responsive to PWN infection and plays an
important role in PWN resistance of P. strobus trees.
Keywords: Bursaphelenchus xylophilus, pine wilt disease, stilbene compound

Keywords: Syntrophic interaction, rhizosphere microbiota, bacterial wilt
disease
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Enhanced Emission of Monoterpene 3-Carene in Pinus
densiflora Infected by Pine Wood Nematode and
Characterization of 3-Carene Synthase

Subtercola endophyticus sp. nov., a Cold-Adapted
Bacterium Isolated from Abies koreana

Hwan Su Hwang1, Tae Lim Kim1, Jung Yeon Han2, Il Hwan Lee1, and
Yong Eui Choi2*

Biological Resource Center, Korea Research Institute of Bioscience and
Biotechnology, Jeongeup 56212, Republic of Korea

Lingmin Jiang and Jiyoung Lee*

1

Forest Bioresources Department, National Institute of Forest Science,
Suwon 16631, Republic of Korea, 2Department of Forest Resources,
College of Forest and Environmental Sciences, Kangwon National
University, Chuncheon 200-701, Republic of Korea

A novel Gram-stain-positive, aerobic bacterial strain, designated AK-R2A12T, was isolated from surface-sterilized needle leaves of an Abies koreana tree
from Mount Halla in Jeju, Republic of Korea. Cells of strain AK-R2A1-2T
were non-motile, short rods that were negative for catalase activity but
positive for oxidase activity. Growth of strain AK-R2A1-2T was observed at
4–25℃ (optimum, 20℃), at pH 5.0–8.0 (optimum, pH 5), and with 0–1%
(w/v) NaCl (optimum, 0%). Phylogenetic analysis based on 16S rRNA gene
sequences revealed that strain AK-R2A1-2T was closely related to Subtercola
boreus K300T and Subtercola lobariae 9583bT with 97.3% and 96.7% 16S
rRNA gene sequence similarities, respectively, and strain AK-R2A1-2T
formed a distinct phyletic lineage from these two strains. Strain AK-R2A12T contained menaquinone 9 (MK-9) and menaquinone 10 (MK-10) as the
predominant respiratory quinones. The major cellular fatty acids (>10.0% of
the total) were anteiso-C15:0 and summed feature 8 (C18:1ω7c or/and C18:1ω6c),
and the polar lipids comprised diphosphatidylglycerol (DPG), and three
unknown aminolipids (AKL2, AKL3, and AKL4). The DNA G+C content of
strain AK-R2A1-2T was 65.8 mol%. Average nucleotide identity (ANI) and
digital DNA-DNA hybridization (dDDH) values between strain AK-R2A12T and type strains of closely related species were below the threshold value
of species demarcation. The complete genome of the 4,318,731-bp circular
chromosome of strain AK-R2A1-2T was sequenced to understand the
genetic basis of the survival strategy of the strain in low temperature.
Multiple copies of cold-associated genes encoding proteins involved in coldactive chaperon, general stress response, osmotic stress, oxidative stress, and
DNA repair mechanisms supported survivability of the strain at low
temperatures, corroborating the bacterial physiological findings. In
addition, a search for potential secondary metabolites was performed using
antiSMASH and seven biosynthetic gene clusters (BGCs) were predicted.
Some BGCs and proteins were related to the biosynthesis of oxidative stress
factors and bioactive compounds. Finally, this strain could significantly
improved rice seeding growth under low temperature. Strain AK-R2A1-2T
is concluded to represent a novel species of the genus Subtercola, and the
proposed name is Subtercola endophyticus sp. nov. The type strain is AKR2A1-2T (=KCTC 49721T=GDMCC 1.2921T).

Pinus densiflora is an important pine species in Northeast Asia due to its
historical, cultural, and economic values. Pine wood nematode (PWN)
seriously damages P. densiflora, causing the pine wilt disease (PWD).
Changes of phyto-compounds in resin and monoterpenes in P. densiflora
after infection of PWN were studied. The changes were identified by GCMS in control and infected P. densiflora. Among the resin phytochemicals
(in P. densiflora), 3-carene was distinctly enhanced after PWN inoculation.
The emitted plant volatile monoterpenes were analyzed by HS-SPME/GCMS. It was observed that the amount of 3-carene enhanced conspicuously
after infection of PWNs in both P. densiflora and P. koraiensis at 9.7 and 54.7
times, respectively. 3-Carene synthase gene (Pd3-cars) of P. densiflora was
isolated and functionally characterized by transgenic tobacco overexpressing
Pd3-cars. Integration and expression of transgenic tobacco were confirmed
by genomic and RT-PCR analysis. The Pd3-cars gene was expressed in
transgenic tobacco plants. Furthermore, the production of 3-carene was
identified by HS-SPME/GC-MS analysis as the volatile compounds emitted
from leaves of transgenic tobacco. Treatment of 3-carene to PWNs showed a
mild nematicidal activity with 45.98% mortality at the concentration of 10
mg/mL. The current findings may apply to the early diagnosis of pine wilt
disease infected by PWNs through enhanced emission of 3-carene.
Keywords: Pine wilt disease, Bursaphelenchus xylophilus, volatile organic
compounds
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Sphingomonas cannabina sp. nov., Isolated from Cannabis
sativa L. ‘Cheungsam’

Exploring Biofertilizer Potential of Two Plant
Growth-Promoting Bacillus species on Tomato and
Arabidopsis Plant

Doeun Jeon and Jiyoung Lee*
Korean Collection for Type Cultures (KCTC), Biological Resource Center,
Korea Research Institute of Bioscience and Biotechnology,
Jeongeup 56212, Republic of Korea

Mi Gyeong Jo and Jiyoung Lee*

A Gram-stain-negative, aerobic, rod-shaped bacterium, designated DM2-RLB4T was isolated from Cannabis sativa L. ‘Cheungsam’ in Andong,
Republic of Korea. The strain DM2-R-LB4T grew at 15-45℃ (optimum,
30–37℃), pH 5.5–9 (optimum, 8.0), and with 0–1% (w/v) NaCl (optimum,
0%). Phylogenetic analysis based on 16S rRNA gene sequences showed that
strain DM2-R-LB4T is related to species of the genus Sphingomonas, having
97.8% similarity to Sphingomonas kyenggiensis KCTC 42244T and 97.5% to
Sphingomonas leidyi DSM 4733T. The DNA G+C content was 67.9 mol%
and the full genome analysis for the strain DM2-R-LB4T showed that the
bacterium has a genome size of 4386171 bp and 4009 predicted proteincoding genes. The average nucleotide identity (ANI) values between strain
DM2-R-LB4T and S. kyenggiense KCTC 42244T, and S. leidyi DSM 4733T
were 76.8% and 76.7%, while the digital DNA-DNA hybridization
(dDDH) values were 20.7% and 20.6%, respectively. The major fatty acids
(>10%) of strain DM2-R-LB4T are C14:0 2-OH, C16:0 and summed feature
8 (C18:1 ω6c and/or C18:1 ω7c). The polar lipids consist of diphosphatidyclycerol
(DPG), phosphatidylethanolamine (PE), phosphatidylglycerol (PG),
phosphatidylcholine (PC), sphigoglycolipid (SGL), glycolipid (GL), phospholipid
(PL), and two unidentified polar lipids (L1–2). The major respiratory
quinone is ubiquinone-10 (Q-10). The polyamine pattern was found to
contain putrescine, homospermidine and spermidine. Based on its
phylogenetic, polyphasic study, strain DM2-R-LB4T is considered to
represent a novel species of the genus Sphingomonas, for which the name
Sphingomonas cannabina sp. nov., is proposed. The type strain is DM2-RLB4T (=KCTC 92075T=GDMCC 1.3018T).

Bacillus spp. are gram-positive, ubiquitous in nature and recovered from all
niches in the environment. Bio-fertilizers can be used as alternatives to
chemical fertilizers and can provide new insights into promoting plant
growth and crop yield. The application of Bacillus-based fertilizers can
enhance the plant-available forms of nutrients in rhizospheres, and control
phytopathogen infection. The objectives of this study were to identify
Bacillus strains that can enhance the plant growth of tomato and determine
the multiple physiological traits for plant growth promotion. Two Bacillus
strains isolated from halophyte plants were evaluated in the growth of
tomato and Arabidopsis plant. The vegetative growth parameters; fresh
weight, lateral root number, and chlorophyll contents were significantly
improved. The strains also were assessed in vitro for multiple physiological
traits, such as IAA production, cellulase, amylolytic, and siderophore
activity. The overall results of this study showed that two Bacillus species
(Bacillus sp. LB2-1 and Bacillus sp. TSA2-1) have a great potential to be
commercialized as a biostimulant agent and provide promising new option
for sustainable agriculture.

Biological Resource Center, Korea Research Institute of Bioscience and
Biotechnology, Republic of Korea

Keywords: Bio-fertilizers, chlorophyll contents, tomato
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Arabidopsis thaliana Alleviate Salt Stress
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Salt stress is one of the major abiotic stresses, limiting plant growth,
development, and productivity of crops. However, some salt-tolerant plant
growth-promoting bacteria (ST-PGPB) could confer abiotic stress tolerance
to plants. Here we isolated twenty-four salt-tolerant endophytic bacteria
from the halophyte Carex pumila grown on sandy beach soil. One of the
isolates, JBR3-16 could survive on R2A broth supplemented with 10% NaCl,
and it shows a variety of plant growth-promoting properties under salt
conditions. The JBR3-16 exhibited the highest levels of 16S rRNA gene
sequence similarity to Pantoea ananatis based on the 16S rRNA gene
sequence. Strain JBR3-16 produced the highest amount of indole-3-acetic
acid (IAA), exopolysaccharides (EPS) and proline at 200 mM NaCl
condition. Arabidopsis thaliana seedlings with strain JBR3-16 under salinity
condition (150 mM NaCl) were significantly increased in fresh weights and
chlorophyll contents, and the expression of DR5:GUS in the root tip. The
Na+ ion uptake, ROS accumulation, and the expression of key abiotic stressrelated genes were significantly reduced by strain JBR3-16. Results
demonstrate the crucial role of P. ananatis JBR3-16 in ameliorating the
adverse effects of high salinity in plants.
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an Endophytic Bacteria Isolated from Soybean
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Endophytic bacteria are ubiquitous in most plant species influencing the
host fitness by nutrient acquisition, plant pathogen infection, heavy metals,
and plant growth hormone. This endophytic bacteria community may be
affected by crop management such as the use of chemical compounds. The
aim of this work was to study cultivable endophytic bacterial isolation from
soybean (Glycine max L. cv. Gwangan) plants, and its application in
agriculture. We isolated several microorganisms from the shoot and root of
field-grown soybean plants, and analyzed their 16S rRNA gene sequences.
The microorganisms belonging to the genus Flavobacterium made up one
of major portion of the microbes residing within the soybean plant and
plant grown soils. Three Flavobacterium sp. strain significantly affected
shoot and root mass, and chlorophyll contents of Arabidopsis thaliana and
soybean plants. In addition, one of isolates, strain BB8 is a novel species
candidate from genus Flavobacterium. Phylogenetic analysis based on 16
rRNA gene sequences revealed that strain BB8 formed a lineage within the
genus Flavobacterium and was most closely related to Flavobacterium
artemisiae SYP-B1015 (96.9%) and Flavobacterium ustbae T13 (96.8%). The
complete genome sequence of strain BB8 was 5513159 bp long with a G+C
content of 34.1 mol%. The major fatty acid of strain BB8 were iso-C15:0,
summed feature 3 and iso-C16:03-OH. The predominant polar lipids were
phosphatidylethanolamine and unidentified aminolipids, and the major
respiratory quinone was menaquinone-6. Based on these phenotypic,
genotypic and chemotaxomomic characteristics, strain BB8 is considered to
represent a novel species of the genus Flavobacteium, for which the name
Flavobacterium endoglycinae sp. nov., is proposed. Thus, this study
highlights the biotechnological potential of genus Flavobacterium for
soybean cultivation.
Keywords: Flavobacterium, soybean, endophytic bacteria
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Development of Functional Oleosin-Based Lipophilic Drug
Carrier for Cancer Therapy

Functional Production, Characterization, and
Immobilization of a Cold-Adapted Cutinase from Antarctic
Rhodococcus sp.

Jeongmin An, Hyun Joong Kim, Chaewon Yoon, So-hee Ju,
Rumi Acharya1, and Hyeon-Yeol Cho1*

Seok Jae Won and Hyung Kwoun Kim*

Department of Bio and Fermentation Convergence Technology, Kookmin
University, Seoul, Republic of Korea

Department of Biotechnology, The Catholic University of Korea,
43 Jibong-ro, Bucheon-si, Gyeonggi-do 14662, Republic of Korea

Recombinant proteins made by imparting biological activity to existing
proteins are used in various fields such as CRISPR/cas9, vaccines, and
pharmaceuticals. In this study, we designed a green fluorescence protein
(GFP)-nanobody linked-recombinant oleosin (GNO) with amphiphilic
properties that the protein maintains an oleosome structure for stable
delivery of Lipophilic drugs. GNO maintains the oil droplet form stable in
the phospholipid layer and can be tracked using the GFP. In addition, the
immunoglobulin-binding protein LG linked with GFP (GFP-LG) was also
recombined to provide the antibody labeling moiety on the oleosome
surface. The GNO-based oleosome consists of a lipid core and contains
magnetic nanoparticles and the lipophilic drug, carmustine. The stability of
the oleosome structure was confirmed through transmission electron
microscopy and dynamic light scattering. And the target specificity of the
GNO-oleosome transmitted to the breast cancer cells was confirmed via
GFP signals on the target cell by confocal microscopy. And finally, the anticancer property of oleosome was demonstrated through the reduced size of
the tumor. The recombinant oleosin can be utilized as a basic component for
lipophilic drug carrier design for pharmaceutical applications.

A lipolytic enzyme (Rcut) was discovered from the Rhodococcus strain
(RosL12) isolated from the Antarctic Ross Sea. The corresponding gene
composed of 651 bases encoding 216 amino acids. It was found to be a
cutinase gene through BLAST search. Rcut has a signal sequence consisting
of 29 amino acids. An active Rcut was produced after the intact gene
containing the signal sequence was transformed into Escherichia coli
Rosetta-gamiTM 2 (DE3) pLysS. Rcut was purified through a nickelnitrilotriacetic acid purification system and a carboxymethyl Sepharose
column chromatography. Its specific activity was 2,100 U/mg. Although Rcut
showed the highest activity at 50℃, it had a low activation energy of 6.24
kcal/mol. This means that it is a typical cold-adapted enzyme. Rcut showed
high activity towards medium chain fatty acids (C4–C10). Rcut degraded
polycaprolactone and polyethylene terephthalate, suggesting that it could be
used for decomposition of synthetic plastics causing environmental
pollution. Rcut was immobilized on methacrylate-divinyl benzene bead.
This immobilized Rcut (immRcut) showed higher thermal stability than the
free enzyme. ImmRcut performed transesterification of various esters and
ethanol in a non- polar solvent, suggesting that it could be used for the
synthesis of industrially useful ester compounds.

Keywords: Oleosin, cancer therapy, drug delivery

Keywords : Cutinase, functional production, biodegradation
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Novel Carbohydrate-Binding Module in α-L-Fucosidase
from Vibrio sp. Strain EJY3: Dual α-1,4- and β-1,4Glycosidase Activities
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Cloning, Expression and Characterization of Novel
Thermostable and pH-Stable Lipase from Lactobacillus
rhamnosus IDCC 3201
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Carbohydrates are structurally and functionally diverse materials including
polysaccharides, and marine organisms are known to have many enzymes
for the breakdown of complex polysaccharides. Here, we identified an α-Lfucosidase enzyme from the marine bacterium Vibrio sp. strain EJY3
(VejFCD) that has dual α-1,4-glucosidic and β-1,4-galactosidic specificities.
We determined the crystal structure of VejFCD and provided the structural
basis underlying the dual α- and β-glycosidase activities of the enzyme.
Unlike other three-domain FCDs, in VejFCD, carbohydrate-binding
module-B (CBM-B) with a novel β-sandwich fold tightly contacts with the
CatD/CBM-B main body and provides key residues for the β-1,4-glycosidase
activity of the enzyme. The phylogenetic tree analysis suggests that only a
few FCDs from marine microorganisms have the key structural features for
dual α-1,4- and β-1,4-glycosidase activities. This study provides the
structural insights into the mechanism underlying the novel glycoside
hydrolase activities and could be applied for more efficient utilization in the
hydrolysis of complex carbohydrates in biotechnological applications.

Lipases which can either synthesize or hydrolyze bioactive esters are widely
used in industry such as food, detergents, cosmetics. In this study, a novel
lipase derived from Lactobacillus rhamnosus IDCC 3201 was successfully
expressed and measured optimum activity in various conditions. It was
expressed in Escherichia coli BL21 (DE3) using pET-21a(+) vector and
purified by Ni-NTA affinity chromatography. The molecular size of the
lipase was confirmed as 24 kDa by SDS-PAGE. The purified enzyme activity
was investigated qualitatively in chromogenic plate containing olive oil as a
substrate. Through measuring quantitative activity using para-nitrophenyl
palmitate, the maximum lipase activity (3438.5 U/mg) was observed at
60℃. Also, the enzyme activity was maintained for 4 hours of reaction. At
different pH of 7.0 to 11.0, the lipase activity was retained more than 70%
activity. However, there are no big difference on the addition of various
cofactors. In conclusion, the produced lipase from L. rhamnosus IDCC 3201
showing high thermo-stable and pH-stable properties can be possibly used
in many biotechnological applications.
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Evolution of Metagenome-Originated Lipase and
Elucidation of Enhanced Activity of Mutant Using
Molecular Dynamics and Binding Free Energy Calculation

Toward AI-Based High-Throughput Protein Engineering

Jun Young Shin, Joo-Hyun Seo*, Young-Jun Cho, Eun-Ji Park,
and Bo-Kyung Jung

1

Aporva Gupta1,2, Eugene Rha1, Wonjae Seong1, Seong-Kun Bak1,2,
Dae-Hee Lee1,2, Seung-Goo Lee1,2, and Haseong Kim1,2*
Synthetic Biology and Bioengineering Research Center, Korea Research
Institute of Bioscience and Biotechnology (KRIBB), Daejeon 34141,
Republic of Korea, 2Department of Biosystems and Bioengineering, KRIBB
School of Biotechnology, University of Science and Technology, Daejeon
34113, Republic of Korea

Department of Bio and Fermentation Convergence Technology, Kookmin
University, Seoul 02707, Republic of Korea
Lipase (E.C.3.1.1.3) is used as an important enzyme in various industries
such as medicine, pesticide, detergent, and waste treatment in the production
of esters in fatty acids. As application field is expanded, enzymes utilizing
various fatty acids were also needed. This study aims to find mutant enzymes
with increased activity and thermal stability by screening beneficial mutant
from random mutation library for LipC12 (PDB ID: 6CL4) obtained from
metagenomes. Molecular modeling was performed to explain the improved
activity and thermal stability of enzymes. We further provides an explanation
of the characteristics of enzymes through molecular modeling and MD
simulaiton.

Engineering and characterizing a protein is challenging, as the protein has a
large search space, 20n, where n is the length of the protein sequence.
Machine learning and Deep learning provide a way to infer hidden patterns
from sequences about various TF properties. However, the applicability of
AI tools are limited as there is no available large-scale labelled data
representing the functional activity of target proteins. Here, we perform a
highthroughput phenotypic characterization of a TF mutant library using
FACS, and 3rd generation sequencing to rapidly collect large amounts of
data. This is then used to train a Deep Learning algorithm to predict TF
activity that affects signal and background noise. As a proof of concept, we
engineered DmpR, a phenol dependent TF and investigated the residues
that affect DmpR activities. Further investigation along with DNA synthesis
technique will provide a new phenotypic variant which is not able to be
obtained by conventional PCR based protein engineering technique.

Keywords: LipC12, MD simulation, binding free energy
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The Effect of Mn Ion on Catalytic Efficiency of
Debranching Enzyme from Deinococcus radiodurans
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Characterization of a Phosphomannose isomerase from
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6-Phosphate Production through Rational Design
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Phosphomannose isomerase (EC 5.3.1.8) (PMI) is an enzyme involved in
the biosynthesis of high value-added compounds such as GDP-mannose
and fucosyllactose. We studied the improvement of the activity of PMI to
synthesize mannose 6-phosphate. For this purpose, we applied rational
design to construct a mutant enzyme. We predicted binding pose of fructose
6-phosphate at the active site of PMI from Corynebacterium glutamicum.
After literature search, we discarded catalytic residues and key residues for
substrate recognition. Finally, we selected four active site residues to
introduce mutations. We did saturation mutagenesis for these four active
site residues. Among the mutant enzymes, L84I mutant showed 31%
increased activity. The reason for the increased activity was elucidated by
using protein-ligand docking.

An important debranching enzyme, pullualanase, usually coordinate one or
more molecules of Ca2+ for maintaining its stable structure. In addition to
Ca2+, other divalent cations e.g. Mn2+, Mg2+, Fe2+ etc. has been reported to
enhance catalytic activity. Recently, we found that Deinococcus radiodurans
pullulanase (DrPul) required Ca2+ for stability. The determination of melting
temperature with five divalent metal ions showed that Mn2+ was significantly
effective to shift melting temperature (Tm) over the other metal ions such as
Co2+, Cd2+, Mg2+, and Zn2+. Interestingly, Mn ion can enhance not only its
stability, but also catalytic efficiency. In the presence of Mn ion, kcat/Km and
half-life at 45℃ were improved by 1.4-fold and 151-fold, respectively. To
explore the Mn binding site on the pullulanase, we selected three amino
acids (D574, Y576, and N917) based on the Ca ion coordination alignment
and examined the binding capacity change caused by mutation (D574A,
Y576A, N917A). There were no shifts of Tm values which suggested that
Mn2+ and Ca2+ share identical residues for ionic interaction, while the
mutations resulted in decrease of hydrolysis activity. It indicated that this
metal ion binding site of DrPul targeted to Mn2+ can provide feasible
method for the regulation of pullulanase stability and activity by rational
engineering underlying the structural property of ionic interaction by metal
ion.
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Prediction of Amino Acid Sequence Based Nicotinamide
Cofactor Specificity Using Machine Learning Models

Isolation, Characterization and Purification of Novel
Cold-Adapted Esterase, MtEst45, from Microbulbifer
thermotolerans DAU221

Jaehyung Kim1, Jihoon Woo1, and Donghyuk Kim1,2*
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Oxidoreductases have high selectivity, which can be applied to various fields
of the chemical industry. The nicotinamide cofactor specificity switch of
oxidoreductases can expect to increase the reaction efficiency. Therefore, in
this study, we intend to devise a machine learning model, which can predict
cofactor specificity, the pre-work of cofactor switch. We constructed a
nicotinamide cofactor binding motif database, known as Rossmann Fold, to
predict cofactor specificity. The nicotinamide cofactor binding protein
sequences are searched from UniProt and InterPro. Using the constructed
Rossmann Fold sequence database, the Rossmann Fold region of the newly
introduced proteins sequence can be captured using the local similarity
searching tool, BLAST. The captured sequences were processed with
embedding to convert their amino acid representation into model applicable
representations. We trained three models to predict the cofactor specificity:
random forest, support vector machine, and one-dimensional convolution
neural network models. To benchmark performance, several reported
nicotinamide switch mutation datasets were tested. Thus, this study implies
that the machine learning based models can predict the nicotinamide
cofactor specificity even on the laboratory mutations.

A novel esterase, MtEst45, was isolated from a fosmid genomic library of
Microbulbifer thermotolerans DAU221. The encoding gene is predicted to
have a mass of 45,564 Da and encodes 495 amino acids, excluding a 21
amino acid signal peptide. MtEst45 showed a low amino acid identity
(approximately 23–24%) compared with other lipolytic enzymes belonging
to Family III, a closely related bacterial lipolytic enzyme family. MtEst45 also
showed a conserved GXSXG motif, G131IS133YG135, which was reported as an
active site of known lipolytic enzymes, and the putative catalytic triad
composed of D237 and H265. Because the individual mutation of S133A,
D237N, and H265L showed no esterase activity, we concluded that this
catalytic triad is essential for enzyme catalysis. MtEst45 was overexpressed
in Escherichia coli BL21 (DE3) and purified via His-tag affinity
chromatography. The optimal pH and temperature of MtEst45 were
estimated to be 8.17 and 46.27℃ by response surface methodology,
respectively. Additionally, MtEst45 was also active between 1–15℃. The
optimal hydrolysis substrate for MtEst45 among p-nitrophenyl esters (C2–
C18) was p-nitrophenyl butyrate, and the Km and Vmax values were 0.0998
mM and 550 μmol/min/mg of protein, respectively. MtEst45 was strongly
inhibited by metal ions (Hg2+, Zn2+, and Cu2+), phenylmethanesulfonyl
fluoride, and β-mercaptoethanol, while Ca2+ did not affect the enzyme
activity. These biochemical properties, sequence identity, and phylogenetic
analysis suggest that MtEst45 represents a novel and valuable bacterial
lipolytic enzyme family and is useful for biotechnological applications.

Keywords: Machine learning, cofactor specificity prediction, amino acid
sequence
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SCO6993 is Involved in the Regulation of Secondary
Metabolism But Not in the Regulation of Agar Metabolism
in Streptomyces coelicolor

Keywords: Cold-adapted enzyme, esterase, lipolytic enzyme

Maral Tsevelkhoroloo, Chang-Ro Lee*, and Soon-Kwang Hong*
Department of Biological Science, Myongji University, Yongin-Si,
Gyeonggi-do 17058, Republic of Korea

Poster Session

SCO6993 of Streptomyces coelicolor belongs to Large ATP-binding regulators
of the LuxR family regulators with one DNA-binding motif. The SCO6993disruptant, S. coelicolor ΔSCO6993 produced excess pigments (actinorhodin
and undecylprodigiosin) in R2YE plates, but normal level of agarase
production compared to those of wild-type. Real-time PCR analysis showed
that the transcription of actinorhodin biosynthesis genes actA and actIIORF4 and undecylprodigiosin biosynthesis genes redD and redQ were all
significantly increased by SCO6993-disruption. EMSA and DNAase
footprinting analysis confirmed that the SCO6993 protein can bind only to
the promoters of actII-ORF4 and redD pathway-specific regulatory genes,
and a specific palindromic sequence is essential for SCO6993-binding.
However, SCO6993 protein did not bind to the promoter regions of agar
metabolic genes such as dagA, dagB, and dagC. These results indicate that
SCO6993 is involved in the regulation of secondary metabolism but not in
the regulation of agar metabolism in S. coelicolor.
Keywords: SCO6993, Streptomyces coelicolor, secondary metabolsim
[Supported by Basic Science Research Program through the National
Research Foundation of Korea (NRF) funded by the Ministry of Science,
ICT & Future Planning (NRF-2020R1F1A1060789)]
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Mutational Optimization of Pyrococcus furiosus
Thermostable Amylase for the Production of High Purity
Maltodextrins

Development of Efficient Pyruvate Aldolase Based on a
Rational Approach for the Synthesis of 2-Keto-4Hydroxybutyrate from C1 Chemicals

Kevin Tindo Koffi1, Nan-Young Lee2, and Jong-Tae Park1,3*

Yeon-Ju Jeong1, Jeong-Sun Kim2*, and Soo-Jin Yeom1,3*
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Maltodextrins are important ingredients for the food, cosmetics, and
pharmaceutical industries. However, high purity specific-length
maltooligosaccharides are far from the industrial use due to their high
prices. Pyrococcus furiosus thermostable amylase (PFTA) has been shown to
produce up to 97% pure maltodextrin when low concentration of
cyclodextrin was used. To improve the selectivity of the enzyme on
cyclodextrin, site directed mutagenesis was performed on some important
amino acid residues of the active site (K152, R95, E357, L265) based on the
crystal structure. The proteins were expressed and optimally purified. The
specific activity on α-CD, β-CD, and γ-cd was higher with the double
mutant K152N_R95K, K152N_E357D, and the wild type respectively.
K152N_R95K produced about 94.2% maltohexaose (G6), 92.62%
maltoheptaose, and 97.82% maltoheoctaose from high concentrated α-CD,
β-CD, and γ-cd respectively.

One-carbon (C1) chemicals are potential building blocks as they are cheap,
sustainable, and abiotic. Among soluble C1s, methanol is a bio-renewable
platform feedstock because nearly all bioresources can be converted into
methanol through syngas. Methanol-derived formaldehyde (CH2O) can be
another versatile building block for the production of 2-keto-4hydroxybutyrate derivatives that can be converted into amino acids,
hydroxy carboxylic acids, and chiral aldehydes. To produce 2-keto-4hydroxybutyrate starting from C1 chemicals, we developed an environmentfriendly biocatalyst system using a new pyruvate aldolase from
Pseudomonas aeruginosa PAO1 (PaADL). This enzyme showed a higher
aldolase activity than the reported Escherichia coli YfaU aldolase for
condensing formaldehyde and pyruvate. The elucidated crystal structurebased engineering of PaADL yielded several variants (e.g. PaADLL241A) that
have greater specific activity than the wild-type enzyme. One-pot cascade
reaction of PaADL variants with a methanol dehydrogenase from
Lysinibacillus xylanilyticus (LxMDH) successfully converted methanol and
pyruvate into 2-keto-4-hydroxybutyrate. This is the first report on 2-keto-4hydroxybutyrate as the main product from inexpensive methanol by in vitro
one-pot cascade reaction using engineered PaADL and LxMDH. This study
will be contributed for the biosynthesis of 2-keto-4-hydroxybutyrate from
C1 chemical (methanol) using biocatalysts via green and environmentalfriendly processes.

Keywords: High purity maltodextrins, PFTA, mutants
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A Paradigm Shift in Cranky Protein Production Platform:
Plant-Based Protein Expression
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Since the outbreak of the COVID-19 pandemic, researchers have tried to
develop vaccines using spike proteins. Most of these studies usually utilized
bacteria protein expression systems such as Escherichia coli, but E. coli is
cumbersome to express eukaryotic proteins due to codon bias and posttranslational modification. Recent studies have shown the possibility of the
plant host as an alternative to troubleshooting the problem. In this study, we
showed the use of Nicotiana benthamiana, which is an easy, inexpensive,
fast, and scalable protein expression host. First, We cloned COVID-19 spike
protein sequences into the pBL201 binary vector and transformed the vector
into Agrobacterium tumefaciens GV3101. Next, it was infiltrated into N.
benthamiana leaves. We extracted proteins from agro-infiltrated leaves and
purified them through Ni2+-NTA resin. It was confirmed that purified
proteins are intact and active spike proteins by using Western blot analysis
and COVID-19 diagnosis kits. These results demonstrate that our plant
protein expression system developed an efficient way to express fastidious
proteins. We think it may be a novel insight for the production of plant
vaccines in the future.
Keywords: COVID-19, Nicotiana benthamiana, protein expression
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Characterization and Application of Single-Stranded DNA
Binding Protein from Psychrophilic Bacteria Lacinutrix
janbogonesis PAMC 27137

Conserved Sequence-Based Recombination of
Homologous Sugar Isomerases from Diverse Species
Reveals Genetic Traits for Environmental Adaptation

Woong Choi1, Jonghyeon Son2, Ae Kyung Park3, Hongshi Jin4,
Minseo Kim1, Seung Chul Shin4, Jun Hyuck Lee1,5, T. Doohun Kim6,
and Han-Woo Kim1,5*

Jae Yoon Sung, Keunyoung Yoo, Kyung sik Shi, and Dong-Woo Lee*
Department of Biotechnology, Yonsei University, Seoul 03722, Republic of
Korea

1

Research Unit of Cryogenic Novel Material, Korea Polar Research
Institute, Incheon 21990, Republic of Korea, 2New Drug Development
Center, Daegu -Gyeongbuk Medical Innovation Foundation, Daegu 41061,
Republic of Korea, 3Division of Emerging Infectious Diseases Bureau of
Infectious Disease Diagnosis Control, Korea Disease Control and
Prevention Agency, Cheongju 28159, Republic of Korea, 4Division of Life
Sciences, Korea Polar Research Institute, Incheon 21990, Republic of
Korea, 5Department of Polar Sciences, University of Science and
Technology, Incheon 21990, Republic of Korea, 6Department of Chemistry,
Sookmyung Women’s University, Seoul 04310, Republic of Korea

Homologous recombination can produce stable progenitors with combined
properties from parental sources. Molecular breeding by DNA shuffling can
readily generate recombined genes, resulting in evolved enzymes with
various intrinsic properties. Here we obtained a variety of functional
chimeras from five homologous genes encoding hexameric L-arabinose
isomerases (AIs) with a wide range of temperature and pH optima for
catalysis through conserved sequence-aided self-assembly of DNA
fragments. Out of theoretically 625 variants, we selected 78 functionally
active chimeras with distinct temperature and pH optima, differing from
those of parental enzymes. The fitness landscape of their activities and the
nonsynonymous to synonymous nucleotide substitution rates revealed the
region-specific signatures contributing to the intrinsic properties of AIs.
Subsequent characterization of several chimeric and mutant enzymes
confirmed that the proposed adaptive traits contribute to the temperature
and pH dependence of AIs through intra-subunit salt bridges and
electrostatic interactions. These evolutionary strategies for environmental
adaptation are also found in naturally occurring AI homologs. Therefore,
these results suggest that conserved sequence-based recombination can
readily provide an unprecedented repertoire of homologous enzymes,
implying the rapid adaptive evolution of homologous enzymes fitting into
harsh environments.

Single-stranded DNA-binding proteins (SSBs) are essential for DNA
metabolism in all organisms. SSBs have potential application in molecular
biology and analytical methods. In this study, we purified and structurally
characterized the psychrophilic SSB from Lacinutrix jangbogonesis PAMC
27137 (LjSSB), isolated from Antarctic region. The LjSSB has relatively short
amino acids, containing of 111 amino acids with molecular mass of 12.6
kDa. Using size exclusion chromatography, it is confirmed that LjSSB forms
stable homotetramer in the solution. In addition, the crystal structure of
apo-LjSSB at resolution 2.6 Å was obtained. The LjSSB protein crystal
belongs to the space group C222 with the unit cell parameters of a=106.58
Å, b=234.14 Å, c=66.14 Å. The overall structure of apo-LjSSB consists of
only oligosaccharide/oligonucleotide binding (OB) fold domain without
intrinsically disordered linker (IDL) and C-terminal domain. Comparison
between EcoSSB and LjSSB, Y40, W53 and W59 residues in LjSSB, it is
expected that these residues make form stacking interaction with ssDNA.
Based on structural analysis, we proved that the residues formed stacking
interaction are important to ssDNA binding mode. Furthermore, when
LjSSB is used for multiple displacement amplification reaction (MDA),
amplification efficiency is higher than conventional MDA. These
characteristics will provide a clue for application of molecular biological
techniques.

Keywords: Recombination, self-assembly, chimeras

Keywords: Single stranded DNA binding protein, X-ray crystallography,
psychrophilic bacteria
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Functional Characterization of 4-α-Glucanotransferase
and α-Amylolytic Enzyme from Hyperthermophilic
Fervidobacterium islandicum AW-1

Simple Purification of hFGF19 without any Fusion Tags
via a Metal Binding Affinity Chromatography
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Human fibroblast growth factor 19 (hFGF19) belongs to the endocrine
FGF19 superfamily and is considered as a potential agent to treat severe or
relapsing non-alcoholic fatty liver disease (NASH). Therefore, a lot of studies
that confirm beneficial effects of this hormone on related symptoms and
attempt to produce recombinant proteins in various hosts are steadily
proliferating. Recently, we also reported that the authentic hFGF19 was
solubly expressed through the combination of synonymous codon
substitutions and DsbC co-expression in Escherichia coli. During
purification, however, hFGF19 without His-tag was occasionally co-eluted
with His-tagged DsbC from metal binding affinity chromatography, thereby
requiring auxiliary steps for purifying to apparent homogeneity. This
phenomenon provided an evidence that hFGF19 was specifically interacted
with immobilized nickel ions and thus could use as an alternative tool for
purification of hFGF19. Consequently, we could simply and reproducibly
separate hFGF19 from cell lysates, including co-expressed DsbC, by Niaffinity chromatography using a stepwise gradient elution with imidazole.

Fervidobacterium islandicum AW-1, a hyperthermophilic anaerobe, utilizes
diverse carbohydrates as a carbon source. As a result of the CAZy
(Carbohydrate-Active enZYmes) analysis, 71 enzymes were reported, with
24 glycosyltransferase family enzymes and 35 glycoside hydrolase family
enzymes. Among three genes annotated as α-amylase in F. islandicum AW-1
genome, we selected two genes (NA23_09645 and NA23_09780) without
signal peptide. The genes were cloned and expressed in E. coli BL21 using
the pET system. The recombinant enzymes were purified using Ni-NTA
affinity chromatography and gel filtration. The enzyme NA23_09645 (49
kDa) could not hydrolyze starch and amylose; however, it reacted with
hydrolyzed small maltooligosaccharides such as maltotriose to form various
maltooligosaccharides. It showed the enzyme was not α-amylase but
4-α-glucanotransferase (FIGTase). FIGTase catalyzes the exchange of α-1,4glycosidic bonds and transfer of α-1,4-glucan molecules of maltotriose. The
enzyme NA23_09780 (81 kDa) showed high hydrolysis activity not only
with maltooligosaccharides or maltodextrin but also cyclodextrins, which
indicates that the enzyme was α-amylase (FIAmyA). The recombinant
FIGTase and FIAmyA enzymes exhibited maximal activity at 80℃ and
65℃, respectively, and pH 6.0.

Keywords: hFGF19, NASH, metal affinity
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Identification of Efficient Prokaryotic Cell-Penetrating
Peptides with Applications in Bacterial Biotechnology
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In bacterial biotechnology, instead of producing functional proteins from
plasmids, it is often necessary to deliver functional proteins directly into live
cells for genetic manipulation or physiological modification. We constructed
a library of cell-penetrating peptides (CPPs) capable of delivering protein
cargo into bacteria and developed an efficient delivery method for CPPconjugated proteins. We screened the library for highly efficient CPPs with
no significant cytotoxicity in Escherichia coli and developed a model for
predicting the penetration efficiency of a query peptide, enabling the design
of new and efficient CPPs. As a proof-of-concept, we used the CPPs for
plasmid curing in E. coli and marker gene excision in Methylomonas sp.
DH-1. In summary, we demonstrated the utility of CPPs in bacterial
engineering. The use of CPPs would facilitate bacterial biotechnology such
as genetic engineering, synthetic biology, metabolic engineering, and
physiology studies.

Keywords: Human fibroblast growth factor, circular permutation, functional
expression

Keywords: Protein delivery, cell-penetrating peptides, bacterial biotechnology
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The human fibroblast growth factor 7 (hFGF7), also known as a keratinocyte
growth factor 1 (KGF1), is a member of the paracrine-acting FGF family
and mediates various reactions such as wound healing, tissue homeostasis,
and liver regeneration. These biological activities make it plausible
candidates for clinical and commercial applications as drugs. However, poor
expression and low stability of the recombinant hFGF7 are major hurdles for
practical uses. Here, we tried to improve the expression level and stability of
hFGF7 by changing the order of amino acids through circular permutation
(CP) with new termini. Among 9 CP variants, CP8-hFGF7 was finally selected
based on the improved expression level and solubility, then purified to
apparent homogeneity by three successive steps using heparin affinity,
cation exchange, and size exclusion chromatography. Approximately, 6.5 mg
and 14.5 mg of the purified proteins were obtained from 1L of Erlenmeyer
flask and fed-batch culture, respectively. Furthermore, the differences in
heparin-binding affinity and would healing activity between the commercial
hFGF7 and purified CP8-hFGF7 was confirmed to be negligible. We,
therefore, expected that circular permutation could be an alternative tool for
the functional expression of hFGF family proteins in E. coli because of their
conserved amino acid residues and shared central structure.
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Estimation of Distance for Direct Electron Transfer in
Active Site of Glucose Dehydrogenase Gamma-Alpha
Complex (GDHγα) to Gold Electrode Surface via NAMD
Simulation

Promising Properties of Reconstituted Cytochrome P450
BM3 from Separate Domain by Spilt Intein
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Gwangju 61186, Republic of Korea
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Cytochromes P450 (CYP) monooxygenases has gained a lot of interest for
their uses in pharmaceuticals and biotechnology industries due to their
broad substrate spectrum. Among them, the bacterial P540 BM3 is one of
relatively easy-to-use CYP isoforms and composed of heme and reductase
domain unlike other CYPs. However, there still remains a major hurdle that
BM3 is generally expressed as heterogeneous forms consisting of a major
heme-free apoprotein (more than 70%) and minor holoprotein with
prosthetic heme in surrogate hosts, leading to low specific activity. To
alleviate this hurdle, we designed that the heme and reductase domains of
BM3 were separately expressed by introducing a split intein and posttranslationally ligated by protein splicing. These constructs were found to be
successfully expressed and reconstituted in-vitro and in-vivo by SDS-PAGE
and western blot analyses. The resulting split intein-mediated reconstituted
BM3 (IMR) was further compared with the wild type BM3 (WT, expressed
as a single polypeptide) in terms of activity, stability, heme content, and
affinity for its substrate. Especially, when compared to the heme content of
WT by CO difference spectra, over 50% increase in IMR was reproducibly
detected at the same concentration of the purified enzymes. The dramatic
increase in the specific activity of IMR was also observed. Additionally,
storage stability and affinity of IMR against cognate substrates were
confirmed to be improved. Taken together, reconstituted enzymes by split
intein could be an alternative to the prepared enzyme conventionally as a
single polypeptide.

Bioelectrochemical systems such as biosensors and biofuel cells employ
enzymes as biocatalysts instead of conventional metal catalysts. In recent
years, these bioelectrochemical devices are being used in various application
fields; however, note that there are still research gaps available in the
literature due to the early-stage development, fundamental scientific and
engineering problems of different enzymes and electrode surfaces
interactions. In this study, we have estimated the distance between the active
site of biocatalysts (ie, enzyme) and the destination (ie, electrode surface) to
transfer electrons by a simulation study, and found to see how effectively
this distance has an impact on electron transfer rate as well as the type of
electron transfer. We employed the glucose dehydrogenase gamma-alpha
complex (GDHγα) as a model enzyme and simulated the distance to find
out whether DET is available or not using NAMD simulation. It was
simulated that the interfacial electron transfer rate was significantly
influenced by the orientation of the enzyme, resulting in control of the
distance between the active site and the surface of the electrode. This work
helps us to have a better understanding of such electron transfer mechanism,
and provide guidelines and insights into the design and development of
bioelectrochemical systems. resulting in control of the distance between the
active site and the surface of the electrode. This work helps us to have a
better understanding of such electron transfer mechanism, and provide
guidelines and insights into the design and development of
bioelectrochemical systems. resulting in control of the distance between the
active site and the surface of the electrode. This work helps us to have a
better understanding of such electron transfer mechanism, and provide
guidelines and insights into the design and development of
bioelectrochemical systems.

Keywords: Cytochrome P450 BM3, split intein, reconstitution
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Chlorella Transformation System Using a Salt Inducible
Promoter (SIP) Derived from Chlorella vulgaris PKVL7422
Min-Jeong Kim, Su-Hyun Kim and Tae-Jin Choi*
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Expression of Recombinant Human Hemoglobin in
Escherichia coli
Department of Biotechnology and Bioengineering, College of Engineering,
Chonnam National University, Gwangju 61186, Republic of Korea
Hemoglobin is a metalloprotein that is responsible for the circulatory
transport of O2 and CO2 in a vertebrate. The protein is composed of four
subunits, two α-chain and two β-chain, which contain a heme group that
reversibly binds O2 and other gaseous ligands respectively. This function of
hemoglobin is important for oxidative energy metabolism. We expressed
hemoglobin via optimized E. coli expression system. The E.coli expression
system has some advantages for protein expression that allows rapid
expression and subsequent large-scale and cost-effective manufacturing.
Two subunits of hemoglobin were designed from human gene sequences.
Sequentially, these were each expressed simultaneously in the pCOLADuet-1
vector that has two T7 promoters. The expressed hemoglobin was purified
by fast protein liquid chromatography. The yield of expressed hemoglobin
was 2.04 g/L measured by spectrophotometry. The recombinant hemoglobin
will be engineered to improve its yield and stability in advance.
Keywords: Expression, E.coli, hemoglobin

Keywords: Salt inducible promoter, Chlorella transformation, protein
expression
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Chlorella is a freshwater green alga, which has been widely used in
aquaculture and variety of feed products. Also, several proteins have been
expressed by using transformed microalgae and evaluated for a vaccine. A
new promoter, isolated increases the expression efficiency of recombinant
protein in chlorella vulgaris by using the promoter of Salt Inducible
Promoter (SIP) from C. vulgaris PKVL7422. The SIP analyzed factors that
respond to salt or stress based on RNA seq data. The expression level of the
target gene was analyzed in the Chlorella Nitrate Reductase (NR)
transformation system. The target gene, the VHSV glycoprotein, with the
SIP2 promoter and Chlamydomonas rbcs gene terminator was flanked by
DNA fragments from the NR gene of C. vulgaris PKVL7422. After
introduction into C. vulgaris PKVL7422 by electroporation, the target DNA
can be integrated into the chromosome of C. vulgaris PKVL7422 by double
homologous recombination. The expression of the recombinant protein
encoded by the inserted gene was confirmed by a polymerase chain reaction
and western blot. The identified transformed Chlorella was treated with salt
by concentration to confirm the expression level. The salt concentration in
250 mM NaCl was the most effective for the high expression rate of the
foreign gene. This suggests that protein accumulation can be efficiently
induced by culturing by adding salt.
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Application of Indole-3-Acetic Acid (IAA) Derived from
Sphingomonas sp. CV74222 in the Cauliflower Mosaic
Virus (CaMV) 35S Promoter Transgenic Microalga

Temperature Triggered Self-Assembly of ELP Block
Copolymers Expressed in E.coli: Formation of
Nanoparticles in Physiological Buffer

Seonghyun Kim, Min-Jeong Kim, Suhyun Kim, Jiwoo Shin, Sumin Jang,
and Tae-Jin Choi1*

Eunjeong Kim and Sooim Shin*
Department of Biotechnology and Bioengineering, College of Engineering,
Chonnam National University, Gwangju 61186, Republic of Korea

Department of Microbiology, Pukyong National University, 45, Yongso-ro,
Nam-gu, Busan, Republic of Korea

Elastin-like polypeptides (ELPs), which are based on the sequence of elastin,
were engineered to capture useful biomaterials. ELP block copolymers
composed of hydrophilic and hydrophobic blocks can self-assemble into
different nanoparticles by temperature triggering depending on the block
arrangement and length of the polymer. In this study, the gene of ELP block
copolymer was elongated in various lengths by recursive directional ligation
(RDL), and two different genes of ELP block copolymers were cloned into
the pET11a vector. ELP block copolymers were expressed in E.coli and
inverse transition cyclic (ITC) purification was adopted to prepare the ELP
block copolymers. The phases of water-soluble unimers, nanoparticles
formation, and aggregation of the ELP block copolymers were investigated
by UV spectrophotometry analysis, determining the transition temperature
and ELP block copolymer concentrations to form nanoparticles. Finally, the
morphology of nanoparticles was observed by TEM analysis. By determining
nanoparticles forming conditions in the physiological environment, the
study supported the potential use of the ELP block copolymers in biomedical
applications.

Sphingomonas sp. CV7422, microalga growth promoting bacterium, was
isolated from freshwater microalga, Chlorella vulgaris culture. 16S rRNA
gene sequencing result revealed that this bacterium is a member of
Sphingomonas genus and closely related to S. taxi ATCC 55669, which is a
plant growth promoting rhizobacterium by IAA production. Similar to
other plant growth promoting Sphingomonas spp., the genes involved in the
biosynthesis of tryptophan (trp), a precursor of IAA were found in the
genome of Sphingomonas sp. CV7422. However, the genes involved in the
trp-dependent IAA biosynthesis pathway were not found. Instead, genes
involved in the trp-independent IAA biosynthesis pathway, biosynthesis of
antifungal antibiotic pyrrolnitrin and auntitumor agent rebeccamycin from
trp are present. Furthermore, co-culture of CaMV 35S promoter transgenic
C. vulgaris and Sphingomonas sp. CV7422 revealed that expression level of
the downstream gene, which is regulated by the CaMV 35S promoter, was
increased. The cis-regulatory elements (CREs) screening of CaMV 35S
promoter sequence showed that putative TGA-box (5’-TGACGTAA-3’),
Aux/IAA-responsiveness CRE, is present. According to that, it is presumed
that the activity of CaMV 35S promoter is increased by IAA derived from
Sphingomonas sp. CV7422.

Keywords: Nanoparticle self assembly, ELP block copolymer, protein
engineering

Keywords: Sphingomonas, indole-3-acetic-acid (IAA), CaMV 35S promoter
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Biochemical Properties and Crystal Structure of Catechol
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Construction of High-Resolution Patterning and SiteSpecific Immobilization of Glucose Dehydrogenase
Gamma-Alpha Complex (GDHγα) on Solid Electrode
Surface

Seul Hoo Lee1,2, Mi Jeong Kim1,2, and Kyung-Jin Kim1,2
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National University, Daegu 41566, Republic of Korea, 2KNU Institute for
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HyeRyeong Lee, Stacy Simai Reginald, Nabilah Fazil, Yuna Bang,
and In Seop Chang*

In this study, using the FAD-dependent glucose dehydrogenase (FADGDH) as a model enzyme, it is aimed to control the enzymatic orientation
of the enzyme via site-specific fusion of gold binding peptide in enzyme.
Most importantly, positioning of synthetized fusion protein would be
regulated at nano-level, using nano-patterned electrode fabricated through
e-beam lithography technique. For this, 1) the synthetic glucose dehydrogenase
(GDH), consisting of the site-specific expression of a gold binding peptide
(GBP) on the α-subunit of GDH which enables close proximity between
enzymatic active and electrode surface as well as DET of enzyme-electrode
interface will be used; 2) the number of GBP repeats fused to FAD-GDH
would be optimized in terms of enzymatic catalytic activity and binding
affinity; 3) The nano-patterned electrode would be fabricated via e-beam
lithography for its unit pattern to have diameter similar to that of target
enzyme; 4) the fusion protein will be immobilized on the nano-patterned
electrode surface and the binding morphology of enzymatic nanopatterns
would be investigated.
Keywords: Glucose dehydrogenase, enzyme electrode, enzyme nanopatterning
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Catechol O-methyltransferase (COMT) is known as an enzyme that
transfers a methyl group to the catechol derivative substrates using
S-adenosyl L-methionine (SAM) and Mg2+ ion. We report the biochemical
properties of bacterial COMT from the soil bacterium Niastella koreensis
(NkCOMT) and determined its structures in three different forms: an apo-,
complexed with the cofactor, and complexed with the cofactor and Mg2+ ion.
Based on the biochemical screening of divalent cation, NkCOMT showed
the highest activity with Mg2+ ion, although the enzyme also showed a
significant level of activity with Cu2+ and Zn2+ ions. NkCOMT structures
complexed with SAM and Mg2+ ion elucidated how the enzyme stabilized
the cofactor and the metal ion and revealed that the region near the SAM
binding site undergoes conformational changes upon the binding of the
cofactor and the metal ion. We also identified the catechol binding pocket of
the enzyme and explained how the bacterial enzyme has broad substrate
specificity and accommodates the catechol derivatives with multicyclic
structures. Furthermore, we developed the NkCOMTE211R and NkCOMTE211K
variants that showing enhanced regiospecificity against the para-form of the
product.

School of Earth Sciences and Environmental Engineering, Gwangju
Institute of Science and Technology (GIST), Republic of Korea
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Phenotype on Genotype: Long Read Sequencing Based
High-Throughput Phenotype Anslysis

Exploring the Potential of Lignin-Degrading Bacteria in
Soil Environments Using Culture Dependent Method

Seong Kun Bak1,2, Wonjae Seong1,2, A-young Park1,3, Eugene Rha1,
Hyewon Lee1, Kil Koang Kwon1, Haseong Kim1,2, and Seong-Goo Lee1,2*
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Synthetic Biology and Bioengineering Research Center, Korea Research
Institute of Bioscience and Biotechnology (KRIBB), Dajeon, Republic of
Korea, 2Department of Biosystems and Bioengineering, KRIBB School of
Biotechnology, University of Science and Technology, Daejeon, Republic
of Korea, 3Department of Chemical Engineering and Applied Chemistry,
Chungnam National University, Daejeon, Republic of Korea

Lignin, the byproduct of recalcitrant polyaromatic compounds generated
from biorefinery, currently limited use for heating materials, animal feed or
wastes. To efficiently convert such byproduct into biochemicals, we have
attempted to isolate efficient lignin-degrading bacteria from soil environ
ments. For the bacterial isolation, lignin monomers such as p-coumaric
acid, vanillin, ferulic acid and benzoic acid were supplemented in soil
enrichment culture medium as carbon sources and the enrichment cultures
were cultivated at 30℃. This allowed us to isolate 105 strains. Through 16s
PCR of each isolates, we identified all isolates taxonomically distributed in
4 specific genera belonging to γ-proteobacteria including 9 groups of
Pseudomonas, 1 group of Pantoea, and 4 groups of Paraburkholderia. For
the industrial application of such isolates, their industrial robustness
including low acidity, high salts, high osmosis and high temperature
tolerance was evaluated. In particular, the isolates belonging to Pseudomonas
showed relatively high industrial robustness characteristics. Through this
investigation, we isolated efficient lignin-degrading bacteria which can be
possibly used in industrially important biochemical production process to
improve efficiency and reduce production costs.

The essential elements to characaterize, optimize, engieer genetic circuit are
the multiple genotypes of genetic mutants and their respective phenotypes.
Currently, there are several high-throughput methods for measuring
phenotype and genotype. However, they are measured independently using
different methods and it requires substantial effort to connect and convert
them to analytic data. In our studies, we introduce a long-read sequencing
based high-throughput method to measure phenotype and genotype
simultaneously. Long-read sequencing, can distinguish each genotype in
DNA library and obtain all information of a single DNA in a concatenated
state. Using this characteristic, this study present two examples that obtain
phenotype on genotype. First, we tracked the DNA ratio of library in
cultured cells. With this data, we could calculate relative growth rate for each
genotype. Second, we used T7 RNAP linked deamidase based DNA recorder
system as a reporter of transcription factor-based biosensor to represent
gene expression rate by mutation rate in specific region. Finally, we
confirmed both themes have a high correlation compared to the existing
method such as growth rate and fluorescent based method.

Keywords : Lignin-degrading bacteria, biorefinery, industrial robustness

Keywords: Phenotype and genotype, long-read sequencing, high-throughput
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M13 Phage as a Building Block of a DNA Origami and
Custom-Designable Single Strand Circular DNA
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BoYoung Lee and Min-Kyu Oh*

S-Methylmethionine Production in Escherichia coli Using
Methionine S-Methyltransferase from Arabidopsis
thalinana

Department of Chemical and Biological Engineering, Korea University,
Seoul, Republic of Korea

Junmin Lee and Min-Kyu Oh*
Department of Chemical and Biological Engineering, Korea University.
Seoul, Republic of Korea
The sulphur containing amino acid S-methylmethionine (SMM), so called
Vitamin U, plays an important role in human health. Since SMM helps
the working of ulcer and speed recovering of the skin, SMM has been used
for health supplements and skin care products. For these reasons,
SMM was extracted from plants and in growing interest. There has not
been other researches about SMM producing in heterologous hosts, such
as E. coli. In this study, Methionine S-methyltransferase (MMT) from
Arabidopsis thaliana was used for producing SMM. We overexpressed
a gene encoding methionine S-methyltransferase (MMT) from
Arabidopsis thaliana in E. coli to synthesize SMM from its precursors,
methionine and S-adenosylmethionine (SAM). To accumulate SMM, we
have done metabolic engineering, such as deletion of S-methylmethionin
permease (mmuP) and Homocysteine S-methyltransferase (mmuM). To
supply more precursors, methionine and SAM, we knocked out methionine
repressor (metJ) and overexpression of methionine biosynthesis pathway
genes (metF, metA*, metK). Using this approach, 0.118 g/L SMM was
synthesized by 50mL flask culture. Our study showed that MMT gene from
a plant plays a role in E. coli for producing SMM.

Keywords: M13 phage, ssDNA, DNA origami

Keywords: S-methylmethionine, MMT, methyltransferase
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M13 phage is a filamentous phage that infects E. coli through F pilus. It is
mainly used in a phage display to find new antibodies. Also, its single-strand
circular DNA is used in DNA nanotechnology as a building block. When
the M13 phage enters E. coli, it replicates itself using E. coli’s enzymes such
as DNA polymerase, RNA polymerase, and ligase. This is called rolling
circle replication. There are three stages in rolling circle replication. We
engineered 5’ UTR of protein V, which is a major regulatory protein, in the
M13 phage and screened 4 most efficient mutants. Production of M13
phage increased to 5.66-fold, and ssDNA production increased by 6.03-fold.
Furthermore, we measured the engineered spacer expression levels by
fusion of protein V with GFP. The fluorescence of the good producers is
lower than the bad producers and the wild type. Also, the artificial expression
of P5 using an inducible promoter shows that the concentration of P5 is
inversely proportional to M13 phage and ssDNA production. Then, we
confirmed the scaffold was correctly folded. The universally used scaffold is
M13mp18 its length is 8000-9000bp. To make larger DNA origami,
researchers stacked single origamis. However, its stability and utility were
quite low. So, we suggested a larger custom-designed scaffold using a helper
phage system.
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Construction of a Tunable Cell Factory by Plasmid-Based
Expression of Mutant Proteins Identified from Escherichia
coli Evolved in a Minimal Medium

Application of the Automated Solid-Phase Extraction
Procedures for Simultaneous Analysis of Illegal
Doping Drugs
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Generally, mass production of target molecules in cell factories largely
consumes intracellular resources and thereby inhibiting cell growth.
Therefore, the balance between productivity and cell growth must be
contemplated. A previous study identified 13 genetic mutations fixed in six
Escherichia coli populations that had evolved in an M9 minimal medium
supplemented with 0.4% glucose. Most of these mutations contributed to
the accelerated growth in minimal medium. In this study, genes carrying
these mutations were cloned to pGFPuv, which can express GFPuv under
the control of Plac promoter. Next, we introduced these plasmids into wildtype E. coli K-12 MG1655 and measured the growth rates to identify the
mutant proteins that can accelerate the growth. As a result, the strain
transformed with the pGFPuv Δgfpuv::rpoC (R1075C) exhibited the highest
growth rate. Finally, we measured the generation time of this strain under
various concentrations of Isopropyl β-D-1-thiogalactopyranoside (IPTG) to
demonstrate its growth tunability as a cell factory. Consequently, the growth
rate can be controlled depending on the concentration of the IPTG. This
study suggests that the expression of mutant proteins by a plasmid-based
system can be used to construct a growth-tunable cell factory.

The Doping Control Center is carrying out the detection of illegal substances
designated as prohibited by the World Anti-Doping Agency. More than 300
substances from various classes need to be screened, it is essential to perform
multi component simultaneous analysis with sophisticated analytical
technology. For accurate and efficient simultaneous analysis, target
substances are extracted and purified using Solid-Phase Extraction (SPE) in
the sample preparation procedure. However, during the SPE process, a
certain level of deviation in samples occurs due to various manipulation
errors. In this study, in order to minimize deviation during the sample
preparation step, an automated SPE instrument was introduced and
compared with the conventional method. The standard mix solution was
added to the pooling urine samples, and after performing sample preparation
including manual or automated SPE process, the evaluation factor was
determined using LC-MS. As a result, the SPE step, which was conducted
using automation, improved the overall reproducibility of target substances
owing to minimal sample handling. In addition, there was no interference or
effect on the analytical results between target compounds. Based on these
results, a validation process will be proceeding in order to establish advanced
doping control method through automated SPE procedure.

Keywords: Synthetic biology, growth tunability, experimental evolution
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Development of Novel Doping Diagnosis Using Artificial
Intelligence

Molecular Regulation of Fruit Metabolites in
Solanum nigrum and S. lycopersicum via the Comparisons
of Expression Pattern
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Solanum nigrum is known as a medicinal plant and black nightshade that
contains many benefcial metabolites in its fruit. The molecular mechanisms
underlying the synthesis of these metabolites remain uninvestigated due to
limited genetic information. Here, we identifed 47,470 unigenes of S. nigrum
from three diferent tissues by de novo transcriptome assembly, and 78.4% of
these genes were functionally annotated. Moreover, gene ontology (GO)
analysis using 18,860 diferentially expressed genes (DEGs) revealed tissuespecifc gene expression regulation. We compared gene expression patterns
between S. nigrum and tomato (S. lycopersicum) in three tissue types. The
expression patterns of carotenoid biosynthetic genes were diferent between
the two species. Comparison of the expression patterns of favonoid
biosynthetic genes showed that 9 out of 14 enzyme-coding genes were
highly upregulated in the fruit of S. nigrum. Using CRISPR-Cas9-mediated
gene editing, we knocked out the R2R3-MYB transcription factor SnAN2
gene, an ortholog of S. lycopersicum ANTHOCYANIN 2. The mutants
showed yellow/green fruits, suggesting that SnAN2 plays a major role in
anthocyanin synthesis in S. nigrum. This study revealed the connection
between gene expression regulation and corresponding phenotypic
diferences through comparative analysis between two closely related species
and provided genetic resources for S. nigrum.

The prohibited substances in anti-doping science are more than 800
compounds and it is increasing rapidly. The acquired data of biological
samples need to evaluate by analysts to figure out the atypical findings of
result which takes several days. Moreover, all humans make mistakes. To
overcome a human errors, new strategies are required to improve the
accuracy of anti-doping analysis and to review data quickly. In this study, we
applied a machine learning (ML)-based approach to make a doping
diagnosis. The data collected in the Doping Control Center for four years
were used for supervised machine learning. The integrated dataset consists
of a total of 4 datasets with retention times and MRM pairs for 153 doping
agents. A total of 145,544 data were used; 18,018 for alpha group; 32,332 for
beta group; and 23,364 for gamma group. We applied missing value
processing, data normalization, outlier removal, and confirmed the accuracy
of doping diagnosis with 10 classification algorithm models. These 10
models are logistic regression (LR), linear discriminant analysis (LDA),
naive bayes (NB), k-nearest neighbor (KNN), classification and regression
tree (CART), support vector machine (SVM), random forest, extra I use
trees, AdaBoost, and gradient boosting. For asymmetric data processing,
class weight, SMOTE-Tomek, Tomek, and SMOTE techniques were used.
As a result, the best algorithmic model is naive bayes and SMOTE-Tomek
for the total group and beta group, naive bayes for alpha group and gamma
group. The accuracy for the corresponding algorithm is 93% for the total
group and 99% for alpha group, beta group and gamma group. This work
demonstrates the efficiency of our method for the accurate and rapid doping
diagnosis and the applicability of novel doping diagnosis using artificial
intelligence.

Keywords : Solanum nigrum, anthocyanin, gene expression
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Microbial protein display is an engineering technology based on the
expression of recombinant proteins on the outer or inner membrane in
bacteria. Here, we demonstrate an intracytoplasmic membrane display
system in methanotrophic bacteria. Recently, methanotrophs have garnered
considerable attention in biotechnology applications as they are able to use
methane, a highly potent greenhouse gas. Moreover, methanotrophs
naturally maintain a well-developed intracytoplasmic membrane system. As
a proof-of-concept, we constructed a fusion protein by linking a superfolder
green fluorescent protein and a native periplasmic enzyme. To achieve high
expression of the recombinant protein, we used our recently developed
strong inducible promoter system. We successfully observed the expression
of fusion protein using SDS-PAGE and confocal microscopy imaging
analysis. We expect that this technique can be beneficial in broad applications,
such as production of immobilized biocatalysts.
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the Production of Zeaxanthin

Construction of a Low-Temperature Recombinant Protein
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Cold-active enzymes do not require a heating process in the reaction.
Hence, it is possible to reduce the reaction cost and minimize by-products
formed due to high-temperature reactions using these enzymes. Since coldactive enzymes are generally thermolabile, a low-temperature protein
expression system is required. The most commonly used E. coli protein
expression system is unsuitable for expressing cold-active proteins due to its
prolonged growth rate and protein expression deficiency at low temperatures.
In this study, we constructed a low-temperature protein expression system
by screening the promoter of Psychrobacter sp. PAMC 21119 isolated from
Antarctica. To construct a low-temperature protein expression system,
promoter candidates were selected based on the transcriptome results
according to temperature (−5℃ or 20℃). Using superfolder green fluorescent
protein as a reporter, highly fluorescent strains were screened. Among 11
candidates, p20930 exhibited the highest protein production and was
selected for the low-temperature protein expression system. This is the first
report of a low-temperature recombinant protein expression system
developed from Psychrobacter sp. that can be applied for expressing various
difficult-to-express proteins and cold-active proteins.

Zeaxanthin is a high value xanthophyll carotenoid due to its antioxidant
potential and applications as food additives and nutraceuticals. Zeaxanthin
is chemically synthesized or produced by plants and some microorganisms,
but extraction from natural resources is expensive and environmentally
unfriendly. To solve this problem, it was recombinantly produced from
various microorganisms including E. coli. In the case of E. coli, since there is
an endotoxin problem, we engineered probiotic E. coli strain Nissle 1917
(EcN) to produce zeaxanthin in this study. Zeaxanthin production in EcN
was confirmed by introducing the crt operon of Pantoea agglomerans. We
also constructed gene knockout mutant to increase the influx of acetyl-coA
from glucose by eliminating intermediate conversion, resulting in 4.7-fold
increase of zeaxanthin production. Additionally, by increasing the copy
number of the plasmid having the crt operon, the mutant produced
approximately 7 times more zeaxanthin than wild-type strain. Finally, we
introduced mevalonate pathway derived from Saccharomyces cerevisiae that
induced the conversion of acetyl-coA to FPP. Several attempts including
introduction of mevalonate pathway are being made to increase productivity.
It will be a meaningful study in the production of useful biomaterials using
the endotoxin-free probiotic E. coli.

Keywords: Psychrobacter sp., low-temperature protein expression system,
promoter screening
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Proteins with novel functions or advanced activities developed by various
protein engineering techniques must have sufficient solubility to retain their
bioactivity. However, inactive protein aggregates are frequently produced
during heterologous protein expression in Escherichia coli. To prevent the
formation of inclusion bodies, fusion tag technology has been commonly
employed, owing to its good performance in soluble expression of target
proteins, ease of application, and purification feasibility. A novel fusion tag
comprising carbohydrate-binding module 66 (CBM66) was developed for
the soluble expression of heterologous proteins in E. coli. The target protein
solubilization capacity of the CBM66 tag was verified using seven proteins
that are poorly expressed or form inclusion bodies in E. coli. Compared to
native proteins, CBM66-fused proteins showed improved solubility and
high total production yield. The protein-solubilizing effect of the CBM66
tag was compared with that of two commercial tags, maltose-binding
protein and glutathione-S-transferase, using poly (ethylene terephthalate)
hydrolase (PETase) as a model protein; CBM66 fusion resulted in a 3.7-fold
higher expression yield of soluble PETase (approximately 370 mg/L)
compared to fusion with the other commercial tags. The intact PETase was
purified from the fusion protein upon serial treatment with enterokinase
and affinity chromatography using levan-agarose resin. The bioactivity of
the three proteins assessed was maintained even when the CBM66 tag was
fused. The use of the CBM66 tag to improve soluble protein expression
facilitates the easy and economic production of high-value proteins in E. coli.
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Here, we introduce a new approach for constructing high-performance
whole cell biosensors. Conventionally, a library of DNA parts was assembled
for finding the optimal combination of DNA parts in biosensor construction.
However, the fixed diversity of the DNA parts limits the biosensor
performance due to the lack of exploring the large and complicated
optimization space of the genetic circuit. Our approach modified the
conventional DNA part assembly technique, GoldenGate assembly, by
introducing PCR mutagenesis step to amplifying and extending diversities
of the DNA parts. We use a pair of primers to make the PCR product
available for BsaI by adding BsaI recognition sites and overhang regions. As
a proof of concept, we build a sub-ppm level whole cell biosensor detecting
organophosphorus pesticide, such as fenitrothion (FTN). Top four
candidates of the biosensor were confirmed that they outperformed up to 68
times better signal-to noise ratio in comparison to the control sensor. We
anticipate that the proposed approach will provide a powerful and effective
way to constructing high-performance genetic pathways.
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Fed-Batch Production of (S)-3-Hydroxybutyrate
by Metabolically Engineered Yeast Strain

Plasma-Mediated Enhancement of Fungal Cellulase
Production
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(S)-3-Hydroxybytyrate (S-3HB), a value-added product, can be used for
producing biodegradable polymers such as polyhydroxyalkanoate (PHA).
And also, it can be used for synthesizing stereo-specific chemicals such as
antibiotics, pheromones, and drugs. 3-HB can be synthesized via two
different routes. The first route is depolymerization of microbial
polyhydroxybutyrate (PHB) through chemical alcoholysis or enzymatic
hydrolysis. The other route is replacing CoA thioesterase with poly(3hydroxyalkanoate) polymerase in the polymerization pathway of PHB. The
second route is more effective for obtaining chirally specific S-3HB. To
synthesize 3-HB from intermediate metabolite compound, acetyl-CoA,
three exo-genes, ERG10, hbd, and tesB were introduced into Saccharomyces
cerevisiae. Through this genetic engineering, yeast exhibited enzyme
activities of acetyl-CoA C-acetyltransferase (ACCT), acetoacetyl-CoA
reductase (ACR), and 3-hydroxybutyryl-CoA thioesterase (HBT). To
increase the titer of S-3HB, fed-batch fermentation was performed. With
using ethanol as a carbon source based on pulse feeding mode, the final titer
of the S-3HB was 12.0 g/L. This report is the first paper to synthesize 3-HB
from yeast using ethanol, and suggests that 3-HB can be industrially
produced using yeast.

The fundamental solution to improve the production of microbial enzymes
is to improve the efficiency of expression and secretion of enzyme proteins.
In this study, we investigated the effects of non-thermal atmospheric
pressure plasma jets on the efficiency of cellulolytic enzyme production in
Neurospora crassa, a filamentous fungus. Cellulolytic enzymes activity and
total protein concentration were significantly increased by plasma under the
condition of induction (avicel media). However, the promoting effects of
plasma were not observed under the condition without inducer. The gene
transcription levels of the 4 cellulolytic enzymes were significantly elevated
after plasma treatment. The levels of intracellular NO and Ca2+ were
increased in plasma treated fungal hyphae in induction media after 48 h,
and removal of intracellular NO decreased the activity of cellulolytic
enzymes in media and the level of vesicles in fungal hyphae. Our data
suggest that plasma can promote the efficiency of expression and secretion
of cellulolytic enzymes under the induction condition by enhancing the
intracellular level of NO and Ca2+.
Keywords: Non-thermal atmospheric pressure plasma, Neurospora crassa,
cellulases
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Functional Expression of the Recombinant Bovine Insulin
for Cultured Meat in Saccharomyces cerevisiae

Physical Fusion of Two Distinct Biosynthetic Gene
Clusters Leads to Chemical Innovation in Filamentous
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Cultured meat, produced by in vitro animal cell culture, is a promising
alternative for livestock to meet the increasing food demand. It also helps to
solve global problems such as climate change and animal welfare issues. For
the proper differentiation and proliferation of animal cells, the culture
media should be composed of various nutrients and growth factors.
Sourcing growth factors is one of the most challenging tasks for economical
production of cultured meet using serum-free media. Insulin is a key
component of serum-free media. To develop a cost-effective media for labgrown beef, we explored the secretory production of bovine insulin (bINS)
in GRAS yeast Saccharomyces cerevisiae. C-domain of bINS was replaced
with the hydrophilic fusion partner (HL18) containing an affinity tag for
hyper-secretion and easy purification of an authentic bINS. Molecular
chaperones of the host strain were reinforced by a constitutive expression of
cHAC1 to improve the correct folding of bINS. Recombinant bINS was
produced over 300 mg/L during a fed-batch fermentation and directly
purified by immobilized metal affinity chromatography. Disulfide bond
map and biological activity of the recombinant bINS were determined by
LC-MS/MS and a growth stimulation of NIH/3T3 and HaCaT cell line,
respectively.

An endophytic fungus, Phoma sp. NG-25, produces usnic acid that has been
found in many different lichens, as well as usnic acid analogues,
cercosporamide and phomodione. There has been no genetic evidence
linking biosynthetic genes to usnic acid. Here, we sequenced the genome of
Phoma sp. NG-25, and identified a biosynthetic gene cluster (BGC)
harboring genes encoding a polyketide synthase (mpas) and a P450
monooxygenase (mpao), which were proposed to be involved in the
biosynthesis of usnic acid in lichens. Intriguingly, the BGC contained
additional biosynthetic genes (vrtA, vrtB, vrtI, vrtJ), homologous to genes
found in the viriditacumtoxin BGC in Penicillium aethiopicum. Functional
characterization of the biosynthetic genes in Phoma sp. NG-25 indicated
that the mpas and mpao were required for the biosynthesis of usnic acid and
its analogues, and that the genes derived from the viriditacumtoxin BGC,
except for vrtJ, were specifically involved in the production of
cercosporamide, an amide form of usnic acid. Three putative transcription
factors (TFs), here referred to tf1, tf2, and tf3, were identified. Tf3,
homologous to vrtR2 in the viriditacumtoxin BGC, was found inside the
BGC but not tf1 and tf2, which are found just outside the BGC.
Transcriptome analysis showed that TF3 activated the genes derived from
the viriditacumtoxin BGC. While TF1 activated the whole BGC, TF2
repressed the whole BGC. Overall, we found 1) biosynthetic genes for usnic
acid; 2) TF1, the central regulatory node for the whole BGC; 3) physical
fusion of usnic acid BGC and a viriditacumtoxin BGC led to chemical
innovation of cercosporamide.
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Design of Synthetic Promoters for Cyanobacteria with
Deep-Learning Model

Analysis of Genetic Logic Gates Consisting of
Transcription Factors
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Genetic circuits control gene expression so that cells react to various
environmental signals and perform certain functions. Synthetic genetic
circuits can be applied to many usages such as therapeutics, biocontainment,
and others. However, accurate design is difficult due to interferences
between biological components. In this study, we analyzed and standardized
genetic logic gates consisting of transcription factors in order to evaluate
their performance and interactions. We measured their mathematical
response function and perform curve fitting with the Hill equation. The
input and output were standardized with the standard unit, RPU which is
based on promoter activity. As a result, 12 NOT gate response functions
were achieved. We can further analyze other kinds of genetic modules.
Besides, we varied genetic components such as the RBS region and evaluated
the alteration of response function coefficients. In conclusion, we analyzed
genetic logic gates consisting of transcription factors and lay the groundwork
for analyzing the interactions of genetic circuit components.

Deep-learning technology, which is excellent in generating and predicting
data, has been used in various research fields. This technology is also used in
synthetic biology as generating biological parts or predicting their activities.
In this study, we used deep-learning technology to generate synthetic
promoter of cyanobacteria and predict their strength. We obtained 10,000
synthetic promoter sequences of Synechocystis sp. PCC6803 using
variational autoencoder (VAE), one of frequently-used deep-generative
models. Strength of synthetic promoter were predicted using convolutional
neural network 9CNN), and evaluated using cell-free transcription (CF-TX)
method. We confirmed that the synthetic promoter sequences generated
using VAE have the genuine features of the native cyanobacteria promoter
sequences. The prediction of the promoter strength through CNN was
successful and ecaluated the predicted data effectively with CF-TX method.
We expect that this study will be useful for researchers who want to generate
the promoters of non-model organisms and predict their strength.

Keywords: Genetic logic gate, transcription factor, response function
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A genetic circuit is a valuable and promising tool for programmable control
of gene expression within living cells and is increasingly applied to probiotics
to non-invasively monitor and treat diseases. Here, we engineered and
optimized a probiotic Escherichia coli Nissle 1917 for the detection of a
biomarker of gut inflammation, nitrate emanating from inflammatory host
response. We first optimized the expression level of the two-component
regulatory system of nitrate biosensor to maximize the sensitivity against
nitrate and then showed that the engineered E. coli Nissle 1917 strain
harboring nitrate biosensor can detect and respond to exogenous nitrate in
the mucin containing media. Next, we validated that orally delivered E. coli
Nissle 1917 strain with nitrate biosensor can detect and respond to nitrate
originating from chemically induced colitis mice, and the intensity of the
reporter fluorescence was correlated with the amount of nitrate induced by
inflammation in vivo. Last, we created the AND logic circuit as a proof-ofconcept using orthogonal thiosulfate (another biomarker of gut
inflammation) and nitrate biosensors to respond specifically to
inflammation. The AND logic circuit in the E. coli Nissle 1917 strain was
activated in the presence of both biomarkers, thiosulfate and nitrate. Overall,
we developed the engineered probiotic E. coli Nissle 1917 strain that can be
widely applicable both in bacterial cell-based diagnostics or therapeutics for
gut inflammation.
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Production of Functional Indigo Derivative-Incoporated
Polyhydroxybutyrate (IDPs) That Can Control
Biodegradability

Escherichia coli Minicells with Targeted Enzymes as
Bioreactors for Producing Toxic Compounds
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In this study, Indigo derivatives incorporating Poly (3-hydroxybutyrate)
(IDPs) were produced in one-pot by engineered Escherichia coli. PHB
expressed genes bktb, phaB, and phaC, and indigo derivatives were produced
by expressing CYP102G4. Several indigo derivatives were produced by
feeding indole derivatives as a substrate, and different colors can be obtained
depending on the indole derivatives. In this study, 5-Cl, 6-Cl, 7-Cl, 5-Br,
5-OH, 5-OCH3, 4-NO2, and 5-NO2 indole were added as indole derivatives.
Biological and physical properties, such as the anti- oxidant activity,
biodegradability, melting temperature (Tm), glass transition temperature
(Tg), average molecular weight, polydispersity index, hardness, and elasticity
of the IDPs were analyzed. As a result of the measurement of Tm value,
5-OH IDP showed the highest Tm value at 181.1℃ among IDPs, and 4-NO2
IDP showed the lowest Tm value at 154.7℃. As a result of measuring the
biodegradability of IDPs, 5-OH IDP was not the most biodegradable (2.6%),
but 4-NO2 IDP showed the best biodegradability (18.9%). Hardness
measurement analyzed by nanodentor, significant changes in the hardness
were observed with 4-NO2 incorporated IDP. Finally, the application of
biodegradable PHB was expanded by coating IDPs on cellulose.

Formed by aberrant cell division, minicells possess functional metabolism
despite their inability to grow and divide. Minicells exhibit not only superior
stability when compared with bacterial cells but also exceptional tolerance—
characteristics that are essential for a de novo bioreactor platform.
Accordingly, we engineered minicells to accumulate protein, ensuring
sufficient production capability. When tested with chemicals regarded as
toxic against cells, the engineered minicells produced titers of C6-C10
alcohols and esters, far surpassing the corresponding production from
bacterial cells. Additionally, microbial autoinducer production that is
limited in expanding bacterial population was conducted in the minicells.
Because bacterial population growth was nonexistent, the minicells
produced autoinducers in constant amounts, which allowed precise control
of the bacterial population having autoinducer-responsive gene circuits.
When bacterial population growth was nonexistent, the minicells produced
autoinducers in constant amounts, which allowed precise control of the
bacterial population having autoinducer-based gene circuits with the
minicells. This study demonstrates the potential of minicells as bioreactors
suitable for products with known limitations in microbial production, thus
providing new possibilities for bioreactor engineering.

Keywords: PHB, indigo, biodegradation
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by Deletion of the CYB2 Gene
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Recently, Corynebacterium glutamicum, which is a gram-positive bacterium
has been widely used in various industries. Protocatechuic acid (PCA), or
3,4-dihydroxybenzoic acid (3,4-dhb) has been widely used for the
production of industrial chemicals such as food ingredients, and
pharmaceuticals. The PCA is a type of widely distributed naturally occurring
phenolic acid. Over the past three decades, there have been an increasing
number of paper on polyphenols, which demonstrate the importance of the
antioxidant activities of both natural and synthesized compounds,
considering the benefits from their dietary ingestion as well as
pharmacological use. In this study, we tried to produce PCA from glucose
through aromatic amino acid biosynthetic pathway in C. glutamicum. Here,
we have generated the engineered Corynebacterium cell factory (AK103) to
produce a high titer of PCA through shikimate pathway from glucose as sole
carbon source. Furthermore, using the cell attenuated aroE gene with
expression of ubiC (chorismite-pyruvate lyase) can produced PCA more
than control cell. This redesigned Corynebacterium cell factory, grown in an
optimized medium, produced about 3.5 g/L PCA in flask condition.

Keywords: Organic acid, acid tolerance, bioconversion
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Poly lactic acid (PLA) is a kind of bio-degradable plastic, which is a way to
solve environmental problems caused by excessive use of plastic. PLA is
produced through a polymerization process using lactic acid as a raw
material. In previous studies, through adaptive laboratory evolution on
lactic acid, Saccharomyces cerevisiae BK01 was developed with improved
lactic acid tolerance to avoid cellular toxicity caused by lactic acid
accumulation. However, BK01 showed a tendency to re-consume the
produced lactic acid again, which led to a decrease in productivity of lactic
acid. In this study, we developed the BK01 to enhance the productivity of
lactic acid. L-lactic acid–cytochrome c oxidoreductase (CYB2) is a soluble
protein which catalyzes the oxidation of L-lactic acid into pyruvate.
Therefore, it was expected that deletion of CYB2 could prevent the reconsumption of lactic acid. So, we removed the CYB2 using CRISPR-cas9
gene editing technology. As a result, the engineered strain was able to
prevent lactic acid re-consumption and also show increased lactic acid
production. Lastly, we verified the engineered strain through kenaf pulp
fermentation. This is the first report demonstrating that productivity of
lactic acid from lignocellulosic biomass can be increased by preventing
oxidation of lactic acid.
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Pan-Genome Analysis Revealed Comparable Genomic
Characteristics of Central Metabolic Pathways in
Methylorubrum extorquens

Multiomic Analysis of Saccharomyces cerevisiae HJ7-14
with High Ethanol Productivity from Algal Galactose
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An evolved Saccharomyces cerevisiae HJ7-14 with high ethanol productivity
from algal galctose was characterizated by genomic, transcriptomic and
metabolomics tools. genome sequencing of the HJ7-14 revealed a point
mutation in the GAL83 gene (G703A) involved in the catabolite repression
as well as the galactose metabolism. cultural and transcriptional analyses of
a S. cerevisiae mutant with chromosomal GAL83 (G703A) indicated that the
catabolite repression onto the galactose metabolism was considerably
relieved in all cell growth stages. untargeted metabolomic approach revealed
that metabolic phenotypes between the control D452-2 and HJ7-14 strains
were clearly discriminated in time-dependent manner. especially in early
growth stage at 6 h, the HJ7-14 showed dramatic and coordinated alteration
in central carbon and amino acid metabolisms. through metabolomic reorganization, fold changes in fatty acid metabolism and metabolites related
to stress response system were also found upon glucose depletion and active
galactose utilization. multi-omic characterization using genome sequencing,
transcription and metabolome profiling clearly unveiled that the GAL83
gene mutation partially relieved glucose-dependent catabolite repression
and allowed the evolved HJ7-14 to efficiently convert algal sugars to ethanol.
our finding could be applicable for engineering of S. cerevisiae able to covert
red algal biomass to other biofuels and biochemicals.

Methylorubrum extorquens is a potentially important strain in methanolbased bioindustry that produces high-value-added chemicals. As a result, it
is crucial to understand the core metabolic pathways of M. extorquens
strains for further progress as a platform bacterium in the bioindustry.
However, there are few systems biological approaches comparing various M.
extorquens strains. This study compared the genomic properties of seven
completely sequenced M. extorquens strains, including M. extorquens PA1,
which was re-sequenced, and M. extorquens ATCC 55366, which was newly
sequenced. Pan-genome analysis revealed that a total of 10,431 ortholog
clusters composed the pan-genome of these M. extorquens strains,
comprising 3,507 core genome, 1,860 accessory genome, and 5,064 unique
genome clusters. The functional annotation discovered that genes associated
to signal transduction were the most abundant in the pan-genome. Pangenome analysis of two different habitat-specific groups found that the
strains derived from various soil environments had a higher percentage of
mobilome genes in their core genome. Subsequent exploration for secondary
metabolite biosynthesis clusters denoted the unique capacity of M.
extorquens AM1 to produce various toblerols. M. extorquens PA1 could be
a promising candidate for industrial strain development because of its
minimal genome size with fully conserved central metabolism.
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A α,ω-dicarboxylic acid of C5-azelaic acid has multiple applications in
plastic and cosmetic industries. Chemical oxidation of oleic acid with ozone
(called ozonolysis) allows the production of both azelaic acid and a major
byproduct of nonanoic acid. To increase the total yield of azelaic acid in the
ozonolysis, in this study, sustainable biotransformation process using a
whole cell biocatalyst was developed to directly convert nonanoic acid and
its esters to azelaic acid. Candida tropicalis ATCC20962 immediately
cleaved ethyl nonanoate to nonanoic acid after ethyl nonanoate addition,
and then converted nonanoic acid into azelaic acid with the aid of nonane
addition and continuous glucose supply. Finally, a fed-batch
biotransformation by continuous feeding of pure nonanoic acid resulted in
the production of 30.1 g/L azelaic acid with 0.30 g/L-h productivity and 90%
molar yield. By combination of the ozonolysis and our process, a maximum
of 95% molar carbon yield of azelaic acid from oleic acid was estimated. This
is the first report that nonanoic acid and its esters were directly and
biologically transformed to azelaic acid with over 90% yield, and would be a
groundwork for the biotransformation of fatty acids with under nine
carbons to the corresponding α,ω-dicarboxylic acids.

An isoprenoid of (–)-α-bisabolol is an essentional component in an oilextract of German chamomile and a potent cosmetic ingredient with
whitening, skin-smoothing, antibacterial and anti-inflammentary activities.
In this study, metabolic engineering strategies were attempted to produce
(–)-α-bisabolol in Saccharomyces cerevisiae. The codon-optimized MrBBS
gene coding for (–)-α-bisabolol synthase from Matricaria recutita was
expressed in S. cerevisiae for (–)-α-bisabolol production. The resulting
strain (DM) produced 9.5 mg/L of (–)-α-bisabolol in 24 h of batch culture.
Additionally, the mevalonate pathway was intensified by introducing a
truncated HMG1 gene coding for HMG-CoA reductase and ERG10
encoding acetyl-CoA thiolase. The resulting strain (DtEM) produced a 2.9fold increased concentration of (–)-α-bisabolol than the DM strain. To
increase the acetyl-CoA pool, the ACS1 gene coding for acetyl-CoA
synthetase was also overexpressed in the DtEM strain. Finally, the DtEMA
strain produced 124 mg/L of (–)-α-bisabolol with 2.7 mg/L-h of productivity
in a fed-batch fermentation, which were 13 and 6.8 times higher than the
DM strain in the batch culture, respectively. Conclusively, these
metabolically-engineered approaches might pave the way for the sustainable
production of other sesquiterpenes in engineered S. cerevisiae.
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Production of 3-Hydroxypropionate and Poly
(3-Hydroxybutyrate-Co-3-Hydroxypropionate) from
Methane by Engineering Methanotroph

Monotonous Sugar Availability Triggers the Evolution of
Highly Conserved Sugar Metabolism

Ok Kyung Lee, Diep Thi Ngoc Nguyen, and Eun Yeol Lee*

Yunhye Joo, Jae-Yoon Sunga, Kyoung Su Kim, Jung Mo Lee, and
Dong-Woo Lee*

Department of Chemical Engineering, Kyung Hee University,
Gyeonggi-do 446-701, Republic of Korea

Department of Biotechnology, Yonsei University, Seoul 03722,
Republic of Korea

Methanotroph is considered as a potential platform strain capable of
producing high value-added products through the biological conversion of
methane. In this study, we report the production of 3-hydroxypropionic acid
(3HP) and its copolymer poly (3-hydroxybutyrate-co-3-hydroxypropionate)
[P(3HB-co-3HP)] by type II methanotroph, Methylosinus trichosporium
OB3b. First, malonyl-CoA pathway and beta-alanine pathway were designed
and implemented for synthesis of 3HP from methane. The highest 3HP of
41.9 mg/L was produced in the OB3b-MCRM strain utilizing the malonylCoA pathway. Since the PHA synthase acts on the hydroxyacyl-CoA, a CoA
transferase that converts 3HP to 3HP-CoA was screened. When three CoA
transferases were introduced into the above 3HP producing recombinant
strain, copolymers P(3HB-co-3HP) was synthesized from methane. The
best strain, OB3b_MCRM3S grown on NMS medium with a supply with
methane successfully produced 25.6% P(3HB-co-3HP) of dry cell weight
with a maximum of 3HP content of 9 mol% in a shake flask culture. The
type II methanotroph, M. trichosporium OB3b demonstrates to be a suitable
platform strains for the production of 3HP and P(3HB-co-3HP) from
methane, which is a cheap and abundant carbon source.

Peripheral sugar catabolic pathways linked to highly conserved glycolysis
have evolved by the availability of sugars present in nature. However, the
acquisition mechanism of diverse sugar preferences remains elusive. Here,
we implemented a de novo retro-aldol reaction as an evolutionary driving
force, leading to the occurrence of Escherichia coli that can utilize rare sugar
D-tagatose. We obtained numerous adaptive variants from several rounds of
iterative culture transfers under tagatose auxotrophic conditions. The
comprehensive genome-wide analysis allowed us to monitor the
evolutionary trajectory of how bacterial cells can utilize rare sugars.
D-Tagatose utilizable E. coli variants lost tightly regulated sugar-specific
phosphotransferase systems. In turn, acquired sugar catabolic pathways
underwent a fine-tuned adaptation via additional mutations for readjusting
metabolic sugar fluxes. These results unveiled how microorganisms have
evolved to gain preferences toward unusual sugars. Moreover, the adaptive
laboratory evolution-induced strain could serve as a high-throughput
screening platform for engineering tailor-made non-phosphosugar
isomerase to produce rare sugars.
Keywords: Adaptive laboratory evolution, rare sugar, the phosphotransferase
system

Keywords: Methanotroph, 3-hydroxypropionic acid, P(3HB-co-3HP)
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Introduction of Weimberg Pathway into Engineered E. coli
that Can Utilize Glucose-Xylose Simultaneously
Boram Ha, Young Shin Ryu*, and Sung Kuk Lee*
School of Energy and Cheimical Engineering, Ulsan National Institute of
Science and Technology (UNIST), Ulsan 44919, Republic of Korea

Poster Session

Recently, the production of bio-chemicals using lignocellulosic biomass,
which does not compete with food supplies derived from plants or food
waste, is drawing much attention. The main components of lignocellulose
are glucose and xylose. Effective utilization of both sugars can improve the
efficiency of bio-production. The Weimberg pathway allows the direct
oxidation of D-xylose to 2-ketoglutarate, allowing direct conversion of the
C5 skeleton to a C5 TCA cycle intermediate, without CO2 evolution. The
introduction of the Weimberg pathway enables the avoidance of regulatory
mechanisms inherent in E. coli in xylose metabolism and allows more
diverse metabolic pathway combinations than using the xylose isomerase
pathway. However, there is a disadvantage that the ability to utilize xylose is
lower than that of the inherent Isomerase pathway. In this study, Weimberg
pathway was introduced into evolved E. coli that simultaneously consume
glucose and xylose was obtained by adaptive evolution. The evolved strain
was able to avoid the inherent carbon catabolite repression (CCR) and
overcome the low xylose consumption rate through Weimberg pathway.
The final strain we developed will be used as a cell factory for the production
of biochemicals from lignocellulose.
Keywords: Weimberg pathway, xylose, E. coli
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Genomic and Physiological Changes of the
Hyperthermophilic Archaeon, Thermococcus onnurineus
NA1 during Glucose Adaptation

Metabolite Trafficking Enables Membrane-ImpermeableTerpene Secretion by Yeast
Son So-Hee1,2, Soo Young Moon1,2, Seung Soo Oh2, and
Ju Young Lee1*

Sunmin Lee1, Seong Hyuk Lee2*, Jaeho Cha1*, Sung Gyun Kang2,3*, and
Hyun Sook Lee2,3*
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Center for Bio-Based Chemistry, Korea Research Institute of Chemical
Technology (KRICT), Ulsan 44429, Republic of Korea.,
2
School of Interdisciplinary Bioscience and Bioengineering,
Pohang University of Science and Technology, Pohang, Gyeongbuk 37673,
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1

Department of Microbiology, College of Natural Sciences,
Pusan National University, Busan 46241, Republic of Korea,
2
Korea Institute of Ocean Science and Technology, Busan,
Republic of Korea, 3Department of Marine Biotechnology,
Korea University of Science and Technology, Daejeon, Republic of Korea

Metabolites are often unable to permeate cell membranes and are thus
accumulated inside cells. We investigate whether engineered microbes can
exclusively secrete intracellular metabolites because sustainable metabolite
secretion holds a great potential for mass-production of high-value
chemicals in an efficient and continuous manner. In this study, we
demonstrate a synthetic pathway for a metabolite trafficking system that
enables lipophilic terpene secretion by yeast cells. When metabolite-binding
proteins are tagged with signal peptides, metabolite trafficking is highly
achievable; loaded metabolites can be precisely delivered to a desired
location within or outside the cell. As a proof of concept, we systematically
couple a terpene-binding protein with an export signal peptide and
subsequently demonstrate efficient, yet selective terpene secretion by yeast
(~225 mg/L for squalene and ~1.6 mg/L for β-carotene). Other carrier
proteins can also be readily fused with desired signal peptides, thereby
tailoring different metabolite trafficking pathways in different microbes. To
the best of our knowledge, this is the most efficient cognate pathway for
metabolite secretion by microorganisms.

Pyrococcus and Thermococcus belonging to the order Thermococcales of
Euryarchaeota retain heterotrophic metabolism, catabolizing a variety of
carbohydrate and peptide substrates. However, it has been reported that the
growth on glucose is very limited. In this study, we employed the adaptive
evolution approach for T. onnurineus NA1 under glucose condition to
obtain the strain with improved glucose utilization and attempted to identify
genetic variations occurred during adaptation. After serial transfer to a fresh
medium containing glucose over 100 times, cell growth, glucose
consumption and hydrogen production greatly increased. The 100 times
transferred strain, 100T, exhibited 4-fold higher cell density, 12-fold higher
glucose consumption and 8-fold higher hydrogen production than the
parent strain. To identify the molecular changes that affect improved glucose
utilization, whole-genome sequencing of the 100T strain was carried out.
Mutations were identified in 18 coding regions and 4 non-codingregions
compared to the genomic sequence of the parent strain. Among the
mutations, a point mutation L101P and an Ile codon deletion at 275th
position of TON_0597 annotated as a sugar transport were identified.
TON_0597 gene annotated as a putative ABC transporter was selected as a
target gene due to its similarity to the gene encoding a subunit of a
maltodextrin transport system. The deletion of TON_0597 severely lowered
the growth, glucose consumption and hydrogen production, whereas the
TON_0597 L101P/∆I275 mutation increased cell growth, glucose
consumption and hydrogen production compared to those of the parent
strain. Based on the results, T. onnurineus NA1 was successfully adapted to
glucose with better cell density and glucose consumption. These results
implicate that TON_0597 might be a critical factor to ensure the increase in
glucose uptake and cell growth.

Keywords: Metabolite trafficking, genetically engineered yeast, value-added
biochemicals

Keywords: Thermococcus onnurineus NA1, adaptive evolution, glucose
uptake
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Development of Metabolic Engineering Tools Based on
CRISPR-Mediated Base Editor and Novel Inducible
Plasmid Systems for Methanotroph, Methylococcus
capsulatus Bath

Production of Adipic Acid from ε-Caprolactone Using
Escherichia coli Whole-Cell Biocatalysis
Soo Young Moon1,2, So-Hee Son1,2, Seung Soo Oh2, and Ju Young Lee1*
1
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Seung Keun Kim1, Ji In Baek1,3, Hyewon Lee1*, Seung-Goo Lee1,2*,
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Adipic acid is a highly important industrial chemical and is used mainly as
a precursor to the polymer nylon 6-6 fibers. Currently, commercial adipic
acid production process is highly energy-intensive and is associated with a
number of environmental concern including heavy pollution, toxic catalyst
and harsh reaction condition. Therefore, many efforts is currently made to
produce adipic acid by the development of environmentally friendly, safe
and neutral routes. Herein we report the one-pot synthesis of adipic acid
from ε-caprolactone, using genetically engineered whole-cell biocatalysts of
Escherichia coli. Whole-cell biocatalysis offers some advantages including
low environment pollution, high substrate conversion rate and simple
product separation. Besides, they require no additional additives or reagents,
and produce no byproducts. Bioconversion of ε-caprolactone into adipic
acid in E. coli is achieved in adipic acid production of up to 4.1 g/L after 144
h in the shake flask cultures. This work demonstrates biosynthesis of adipic
acid via biocatalytic process, which would accelerate the industrial
production of adipic acid by biocatalysis.

Methanotrophs are bacterial strains that use methane, an abundant and
cheap natural gas, as a substrate. There has been growing interest in the
production of synthetic and more diverse methane-based biochemicals by
applying metabolic engineering to methanotrophs. However, current
genetic engineering tools and methods applicable to methanotrophs are still
very limited. In this study, we identified a phenol-inducible promoter that
has high dose-dependency and homogeneity on gene expression even at a
very low concentration of phenol (1 to 10 uM) in methanotrophs. By
combining this phenol-inducible system with a CRISPR-mediated cytosine
base editor (CBE), we attempted to knockout endogenous genes in
Methylococcus capsulatus Bath. As a result, an early stop was successfully
introduced into each target gene ORF due to phenol-dependent CBE
expression, securing a high editing efficiency up to 55.7%, even when using
a single vector without any selection marker. By employing this tool and
enhancing the native phosphoketolase pathway of the strain, the production
of mevalonate, a non-native product of M. capsulatus Bath, a maximum
concentration of 2.1 g/L was achieved. Obtaining such high yield of artificial
product by engineering methanotrophs is promising in the field of synthetic
biology.

Keywords: Metabolic engineering, adipic acid, genetically engineered E. coli
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Effects of Promiscuous Activities of Heterologous
Enzymes in Saccharomyces cerevisiae Engineered to
Utilize Various Sugars from Renewable Biomass

Keywords: Methanotrophs, genetic engineering tool, inducible gene
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Understanding the global metabolic network affected by the promiscuous
activities of heterologous enzymes and various sugars is crucial for
systematic optimization of metabolic engineering of Saccharomyces
cerevisiae. Here, we studied the effects of promiscuous activities of
heterologous enzymes in S. cerevisiae engineered to assimilate various
sugars from biomass. Unbiased metabolite profiling of engineered S.
cerevisiae explained the promiscuous enzymatic activities of xylose
reductase and xylitol dehydrogenase, resulting in the accumulation of
galactitol and tagatose during galactose fermentation. During glucose
fermentation, trisaccharide was accumulated outside of the cells due to
transglycosylation activity of β-glucosidase. During the fermentation of
xylose and cellobiose, a higher accumulation of fatty acids and secondary
metabolites was observed. The promiscuous activities of heterologous
enzymes led to unintended metabolic rerouting, resulting in a low yield and
productivity of the final product. In addition, the global metabolic network
can be significantly regulated by carbon sources, resulting in different
patterns of metabolites. This study can provide useful information for S.
cerevisiae’s systematic optimization of metabolism to manufacture biobased products.
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Deletion of Betaine Transport Genes proP and proVWX to
Increase L-Threonine Production in Escherichia coli

Production of Zingerone in Escherichia coli Using New
Benzalacetone Synthase

Shuaiwen Wang1,2, Xiaoyuan Wang2*, and Kyoung Heon Kim1*
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College of Pharmacy, Chungbuk National University, Cheongju 28160,
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In Escherichia coli, betaine can either be taken through the transporters
encoded by proP and proVWX or be synthesized by betABIT. In this study,
we first studied the addition of betaine to increase the fermentation
production of L-threonine and biomass. We added betaine of different
concentrations to the medium to observe the changes in L-threonine
production. The results show that the growth and L-threonine production
will be improved to 12.2~12.5 g/L in 24 hours, which is about 1 g/L higher
than the wild type when 1~1.5 g/L betaine is added to the fermentation
medium. Secondly, the betaine primary transporter gene proP and the
secondary transporter proU (proVWX) have been deleted in TSW001 and
TSW002 respectively or were knocked out in TSW003 both. And the strain
TSW003 produced 23.5 g/L L-threonine from 40 g/L glucose, 18.9 g/L
L-threonine from 30 g/L glucose after 36 hours. The genes betABIT, proC,
fadR, crr and ptsG were individually deleted from TSW003, resulting the
strains TWS005, TWS006, TWS007, TWS008, and TWS009, respectively.
Comparing to TWS003, the strains TWS005, TWS006, and TWS007
produced less L-threonine, but TWS008 and TWS009 produced more
L-threonine. TSW008 produced 24.9 g/L L-threonine after 36 hours, while
TSW009 produced 26 g/L L-threonine after 48 hours.

Zingerone (vanillylacetone; 4-hydroxy-3-methoxyphenylethyl methyl
ketone) is a crucial element for the tingle of ginger (Zingiber officinale).
Zingerone is a potential active constituent in charge of many biological
effects of ginger. The pharmacological activity of zingerone contains antiinflammatory, antioxidant, anticancer, antihyperlipidemic, and antibacterial
activities. It was also effective in age-related neurological disorders. So
zingerone has a number of potential pharmaceutical developments against
diseases in humans, besides a flavoring agent. Zingerone can be extracted
from natural plant materials or synthesized chemically, but microbial
synthesis could be a favorable way for sustainable production. We identified
that a new gene from Piper methysticum, has feruloyl-CoA-preferred
benzalacetone synthase (BAS) activity for zingerone production. Therefore,
we construct a de novo pathway for zingerone production, assembled using
six heterologous genes, encoding tyrosine ammonia-lyase (optal),
cinnamate-4-hydroxylase (sam5), caffeic acid O-methyltransferase (com),
coumarate CoA ligase (4cl2nt), BAS (pmpks), and benzalacetone reductase
(rzs1) in Escherichia coli. The highest zingerone concentration exceeded
24.03±2.53 mg/L when engineered L-tyrosine overproducing E. coli ΔCOS4
strain as complete de novo synthesis.

Keywords: Escherichia coli, L-threonine production, proP and proVWX
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Non-Invasive Diagnosis of Gut Inflammation through
Engineered Human Gut Symbiont
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Bacteroides thetaiotaomicron is one of the most dominant species in the
human gut. Recently, B. thetaiotaomicron has attracted attention as an
emerging chassis for microbiome engineering, including diagnostics and
therapeutics of disease-associated symptoms in the gut. In this study, we
built a transcription factor (TF)-based genetic circuit to detect a biomarker
of gut inflammation and verified its performance in B. thetaiotaomicron. To
this end, we first chose a biomarker, nitric oxide (NO) that is produced by
inducible nitric oxide synthase (iNOS) in intestinal epithelial cells during
inflammation. Next, we created a genetic circuit using NsrR which is a
repressor-type TF regulating the expression of genes involved in NO
detoxification in Escherichia coli. To report the inflammation sensing, we
adopted NanoLuc luciferase as a reporter because it is more suitable for
reporting the input signal under anaerobic conditions rather than
fluorescent proteins. The B. thetaiotaomicron equipped with the NO sensing
genetic circuit can detect at least 1 µM of NO and showed the output signal
up to 35-fold in a NO dose-dependent manner. Overall, we developed the
NO detecting genetic circuit for diagnosing gut inflammation in a noninvasive way using the engineered B. thetaiotaomicron, which could be
applied for living therapeutics.
Keywords: Bacteroides thetaiotaomicron, transcription factor-based
biosensor, diagnosis
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Adaptive Laboratory Evolution Guided Engineering of
An Embden-Meyerhof-Parnas Pathway Disrupted
Escherichia coli and Its Application to Produce
3-Hydroxypropionic Acid and Lycopene

Development of Genetic Circuit for Dynamic Regulation
to Increase Regeneration Capacity of Redox Cofactors in
Escherichia coli for the Production of 3-Hydroxypropionic
Acid

Kyung Hyun Cho, Ye Eun Kim, Ina Bang, Chang Hee Kim,
Young Shin Ryu, Yu Chan Kim, Eun Mi Choi, Linh Khanh Nong,
Donghyuk Kim*, and Sung Kuk Lee*

Yuchan Kim and Sung Kuk Lee*
School of Energy and Chemical Engineering, Ulsan National Institute of
Science and Technology (UNIST), Ulsan 44919, Republic of Korea

School of Energy and Chemical Engineering, Ulsan National Institute of
Science and Technology (UNIST), Ulsan 44919, Republic of Korea

3-Hydroxypropionic acid (3-HP) is a platform chemical that can be used as
the precursor for the production of valuable compounds, including acrylic
acid and 1,3-propandiol. Using glucose as the substrate, Escherichia coli can
synthesize 3-HP from using malonyl-CoA as the precursor, by heterologous
expression of malonyl-CoA reductase from Chloroflexus aurantiacus. The
generation of redox cofactors may be a limiting factor for 3-HP production
as its biosynthesis requires an excess amounts of NADPH. However, high
accumulation of redox cofactors causes growth defects. In this study, a
genetic circuit for dynamic regulation was designed for the control of
glycolytic metabolic flux to balance redox cofactor. In the previous study, it
was confirmed that the titer of 3-HP was increased by overexpressing the
genes responsible for the reflux of the metabolic pathway to supply the redox
cofactor when it is required. Here, product-inducible module was
characterized to automate the expression of the genes for reflux of metabolic
pathway to increase the regeneration capacity of redox cofactors. Using
dynamic regulation, the metabolic pathway can be automatically rewired to
regenerate more redox cofactors, and titer was enhanced from the reflux of
metabolic pathway.

The different characteristics of microorganisms are often attributed to
distinct inherent glycolytic processes that provide sources of precursors,
redox factors, and energy for anabolism. Considering that high level of
production for 3-hydroxypropionic acid (3-HP) and lycopene requires high
NADPH regeneration capacity, the wild-type Escherichia coli strain may be
disadvantageous in production since glucose is primarily catabolized
through Embden-Meyerhof-Parnas pathway causing unfavorable redox
potential. Accordingly, a redirection of glycolytic flux can provide precursors
and reducing power for growth and production of 3-HP and lycopene.
Unexpectedly, loss of pfkAB genes to disrupt EMPP in MG1655 strain
showed a significant decrease in specific growth rate on glucose as a sole
carbon source. For the purpose of growth recovery of pfkAB-deleted strain,
we applied adaptive laboratory evolution (ALE) strategies and we isolated an
evolved strain (denoted as ALE-1) showing 6-fold increase in specific
growth rate. Resequencing identified six mutations, mostly in transcriptional
regulators for glycolytic process (crp, galR, and gntR) and in glycolytic
pathway-related enzymes (gnd, ptsG, and talB). Additionally, we conducted
genotypic, transcriptomic and phenotypic analysis of mutations to deeply
understand beneficial effect in growth recovery. On the basis of these
scientific understanding, ALE-1 strain was further engineered to produce
2.7 g/L of 3-HP and 45 mg/L of lycopene.
Keywords: Adaptive laboratory
3-hydroxypropionic acid

evolution,

glycolytic
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A Robotics-Assisted Modular Cloning for Laboratory
Automation Platform in Synthetic Biology
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Development of Methylorubrum extorquens AM1 as
a Promising Platform Strain by Minimizing Genome
Mingyu Kim, Young Shin Ryu, and Sung Kuk Lee*

Methylorubrum extorquens AM1 has gained a spotlight over the past years,
because of the possibility to grow on one carbon (C1) compounds as a sole
carbon source through serine cycle, such as methylamine and methanol. For
decades this strain has been studies as a microbial cell factory by utilization
the C1 compounds. However, M. extorquens AM1 has a problem of slow
growth compared to other industrial platform strains (Escherichia coli and
Pseudomonas putida). This study aims to development of M. extorquens
AM1 as a promising platform strain by genetic manipulation. For this
purpose, screening the nonessential gene candidates by following gene
annotation. Second, knockout the nonessential gene or replacement of the
wildtype genome with synthetic fragments repeatably. Finally, based on the
growth of the genome minimized strain, spontaneous mutations are
induced through adaptive laboratory evolution. These top-down approach
would suggest not only understanding dynamic network of cell metabolism
but reducing carbon consumption through negative mutation of undesired
product. If the M. extorquens AM1 strain with metabolic diversity can grow
well quickly, the strain will become a good platform strain for various
biorefinery.

Keywords: Modular cloning, promoter, goldengate
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Multiple DNA assembly frameworks have proven to be crucial elements
when executing the construction of complex biological systems through
synthetic biology approaches. Modular Cloning (MoClo) is a widely used
protocol used for integrating multiple parts from a synthetic biology
workflow. However, MoClo inherently limits a biofoundry workflow, in
regard to simplicity and feasibility, due the manipulation of large and
complex number of preparatory materials – notably, in terms of the required
destination vectors. Here, we propose a robot assisted MoClo (RoboMoClo)
to resolve this complexity. We constructed RoboMoClo vectors using novel
C. glutamicum bioparts (promoters). Then, to demonstrate the versatility of
RoboMoClo in terms of TU orientation, we showed reporter gene
expressions in different transcriptional directions were studied using the
RoboMoClo vectors. As a proof-of-concept, RoboMoClo was used in the
design of experiment-guided lycopene biosynthesis in C. glutamicum (levels
1, 2, and 3), constructing various sub-pathway units (level 2) and pathway
units (level 3) for C. glutamicum. The RoboMoClo framework provides an
improved MoClo toolkit for laboratory automation in a synthetic biology
application.

School of Energy and Chemical Engineering, Ulsan National Institute of
Science and Technology (UNIST), Ulsan 44919, Republic of Korea
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Application of Deep Learning to Predict Translational
Efficiencies Derived from Translational Elongation Short
Ramp Sequences (DeepTESR)

Genome Analysis of Multiple Nematocide-Producing
Streptomyces Strains
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Nematodes, one of infamous parasitic animals in farming, result over 100
billion dollars worth of damage in agricultural industry. To build feasible
nematocide-producing host strain armed with modified regulatory gene
and precursor biosynthesis, two Streptomyces strains, Streptomyces
spectabilis KCTC9218 and Streptomyces sp. AN091965, producing the
antinematode drug, spectinabilin, were sequenced. Whole genome
sequencing of both strains was executed by PacBio and Illumina sequencing
platforms, and assembled by hybrid methodology. The total lengths of the
contigs were 9.97 Mb and 9.84 Mb, and protein-coding genes were 8,374
and 8,054 for KCTC9218 and AN091965, respectively. In addition,
antiSMASH was exploited to predict secondary metabolisms. The
antiSMASH analysis excavated 39 and 45 secondary metabolite biosynthetic
gene clusters from KCTC9218 and AN091965, sequentially. Impressively,
production of various antinematode drugs, including spectinabilin,
streptorubin B, and undecylprodigiosin, was substantiated in both strains by
high resolution LC-MS analysis. Overall, this research is expected to be a
cornerstone for fabricating nematocidal drug-producer.

Control of translation elongation is essential for efficient protein synthesis.
Ribosome profiling has revealed that the speed of ribosome movement is
related to translational efficiency in the translational elongation ramp.
Previous studies have shown that the amino acids encoded by third codon
to fifth named the translational elongation short ramp (TESR) contribute to
the kinetics of protein synthesis. In this study, we present a new deep
learning model, called DeepTESR, to predict the degree of TESR from
mRNA sequence. We quantify the degrees of TESR as TESR scores. The
proposed deep learning model exhibited superior performance in predicting
the TESR scores for 226,981 TESR sequences, resulting in mean absolute
error (MAE) of 0.285 and a coefficient of determination R2 of 0.627,
demonstrating improved metrics over conventional machine learning
models (e.g., MAE of 0.335 and R2 of 0.571 for LightGBM). Using
Fluorescence Activated Cell Sorting (FACS), we experimentally validated
that the expression of heterologous fluorescence proteins with randomly
selected TESR showed correlation with the predicted expression level.
Furthermore, a genome-wide analysis of TESR prediction in the 4,305
coding sequences of Escherichia coli showed conserved proportions of
TESR scores for every cluster of orthologous genes. In this sense, DeepTESR
can be used to predict and control the contributions by TESR sequences of a
transcript for tuning gene expression. It also serves as a valuable tool when
investigating the mechanism of translational control. DeepTESR is available
at https://github.com/fmblab/DeepTESR.

Keywords: Whole genome sequencing, Streptomyces, nematode
[This work was supported by Korea Institute of Planning and Evaluation for
Technology in Food, Agriculture and Forestry (IPET) through “Crop
Viruses and Pests Response Industry Technology Development” Program
(No. 321110-4) funded by Ministry of Agriculture, Food and Rural Affairs
(MAFRA), funded by the National Research Foundation of Korea (NRF)
grant funded by the Korea government (MSIT) (No.2022R1A2C3004621),
and funded by Ministry of Agriculture, Food and Rural Affairs (MAFRA),
the Bio & Medical Technology Development Program of the National
Research Foundation (NRF) funded by the Korean government (MSIT)
(No. 2020M3H1A1073304).]
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Vibrio sp. dhg; New Powerful Platform for the Brown
Macroalgae-Based Biorefinery

Enzymatic Synthesis of Aminoglycoside Analogs with
Antibacterial Activity against Multidrug-Resistant
Pathogens

Hyekyung Lee2, Sung Hwa Woo1, Hyun Gyu Lim1, Dong Hun Kwak2,
Sungwoo Park3, Sang Woo Seo3*, and Gyoo Yeol Jung1,2*

Jung Min Kim1, Yeon Hee Ban1, Heejeong Lee2, Min Seok Kwun2,
Jae Bok Wi3, Chang Rae Kim3, Hwi So Ryu3, Je Won Park3,
Dong Gun Lee2, and Yeo Joon Yoon1*
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Natural Products Research Institute, College of Pharmacy, Seoul National
University, 1 Gwanak-ro, Gwanak-gu, Seoul 08826, Republic of Korea,
2
School of Life Sciences, BK21 FOUR KNU Creative BioResearch Group,
College of Natural Sciences, Kyungpook National University,
80 Daehak-ro, Buk-gu, Daegu 41566, Republic of Korea,
3
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Although brown macroalgae has a high potential as an alternative feedstock,
its utilization by conventional microbial platforms has been limited due to
the inability to metabolize one of the major carbohydrate, alginate. Here, we
isolated Vibrio sp. dhg, a novel, fast-growing bacterium that can efficiently
assimilate alginate. Based on systematic characterization of the genomic
information of Vibrio sp. dhg, we were able to develop a genetic toolbox for
its engineering, and successfully demonstrated its ability to rapidly produce
a broad spectrum of chemicals (ethanol, 2,3-butanediol, and lycopene) from
brown macroalgae sugar mixtures with a high productivity and yield.
Collectively, the Vibrio sp. dhg strain is a promising platform for the
conversion of brown macroalgae sugars whose usage will dramatically
accelerate the production of value-added biochemicals.

Concern about resistance of Gram-negative bacteria to existing drugs has
led to a strong need for new aminoglycoside (AG) antibiotics. The previously
investigated structure-activity relationship has suggested that selective
substitution of one or more amino groups at the C1, C6’, and C3”-positions
of AGs could provide new, more potent antibiotics. In pursuit of AG analogs
refractory to the AG-resistance mechanism, the regioselective modification
of amikacin and isepamicin scaffolds was employed. Evaluation of the
antibacterial activities and in vitro nephrotoxicities revealed that newly
synthesized AG analogs exhibited an enhanced antibacterial activity against
multidrug-resistant pathogens but reduced cytotoxicity. The results
underscored the significance of modifications on the C6’ and C3”-amine
positions of AGs in pharmaceutical design. Regiospecific enzymatic
modification could be a promising method for the development of novel
drug candidates.

Keywords: Brown macroalgae, Vibrio sp. dhg

Keywords: Aminoglycoside analogs, enzymatic synthesis, multidrugresistant pathogens
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Development of Biocontainment System for α-Farnesene
Production in Metabolically Engineered Synechococcus
elongatus PCC 7942

[This work was supported by the National Research Foundation of Korea
(NRF) grant funded by the Korea government (MSIT).
(2022R1A2C3004621:Y.J.Y.; 2021R1C1C2006260:Y.H.B)]

Jigyeong Son, Hyun Jeong Lee, and Han Min Woo*
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University,2066 Seobu-ro, jangan-gu, Suwon-si, Kyunggi-do,
Republic of Korea
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Biocontainment systems have been developed to mitigate the concerns
regarding biosafety and environmental risk due to the possible escape of
genetically modified organisms into the environment following large-scale
outdoor cultivation. Here, we present a biocontainment system involving
genetically engineered Synechococcus elongatus PCC 7942, also engineered
for α-farnesene production using a de-evolutionary strategy. In this study,
the gene cluster encoding the β-carboxysome and the associated carbon
concentrating mechanism (CCM) were deleted in the α-farneseneproducing cyanobacteria, resulting in no cell growth and no α-farnesene
production at ambient CO2 concentrations (100% air bubbling). However,
cell growth and α-farnesene production were detected in the CCM-deficient
strains at high CO2 concentrations (5% CO2 [v/v], 10% CO2 [v/v]), albeit at
levels lower than those of the parental control. To overcome this limitation,
the overexpression of carbonic anhydrase and bicarbonate transporter genes
in the CCM-deficient strains restored cell growth and the production level
of α-farnesene (5.0±0.6 mg/L) to that of original strain. The production of
α-farnesene in CCM-deficient strains strictly depended on CO2
concentration in the photobioreactor and did not rely on a chemical
induction process. Thus, next generation bio-solar cell factories could be
promoted with the suggested biocontainment system
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Tuning of Coenzyme B12 Riboswitch-Based Sensor for
Signal Amplification with Toehold Switch Modulator

Bidirectionally Functional Fluorescence Reporter System
for Promoter Trap under Less Toxic Blue Ligh

Yunhee Hwang1, Seong Gyeong Kim1, Sungho Jang2, Jongmin Kim3*,
and Gyoo Yeol Jung1*

Gi Hye Park, Ho-Seok Yoo, and Geun-Joong Kim*
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Gwangju 61186, Republic of Korea
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Plasmids are extrachromosomal genetic elements that can replicate
independently and thus generally used as a basic scaffold in expression
system to obtain desired recombinant proteins. Although various plasmidbased gene expression systems are continuously introduced, more diverse
vectors with different fitness landscapes of a cis-acting part, especially
promoter, are still needed for modulation of recombinant gene expression
under physiologically vulnerable conditions to stress in-vivo. This need is
probably due to frequent inconsistency of equipped promoter with the
cloned gene in its downstream region. Herein, we tried to screen naturally
evolved promoters with different fitness landscapes from metagenome using
a bidirectional promoter trap system. To this end, bidirectional reporters of
a previously reported vector pBGR1 were changed from GFPuv and DsRed
to GFP1002 and mCherry, respectively. The resulting trap system can emit
more fluorescence under less toxic wavelength of excitation than those of
pBGR1. We further validated this system by construction of genomic DNA
library using leaf mold and pond water metagenomes. We expect that the
screened promoters from metagenome could be useful to make up
alternative expression systems as potential parts.

The riboswitches are attractive sensor modules for use in synthetic biology
applications. However, the tuning of the riboswitches was constrained by
their difficulties and narrow range of modulation. Therefore, novel
molecular parts and strategies for straightforward tuning of the fold-change
of riboswitch circuits are needed. In this study, we devised a toehold switchbased modulator approach that combines a hybrid input construct
consisting of a riboswitch and transcriptional repressor and de-novoregulator, toehold switches. Optimization strategies that balance the
expression levels of the toehold switch greatly improved the fold-change
(261-fold). Further characterizations confirmed low leakiness and high
orthogonality of five toehold switch pairs, indicating the broad applicability
of this strategy to riboswitch tuning. These results demonstrate that toehold
switches can provide programmable and modular plug-and-play genetic
parts for the response tuning of riboswitch circuitry.
Keywords: Coenzyme B12, riboswitch, toehold switch

Keywords: Trap vector, metagenome, dual reporter
[All author are equally contributed for this paper.]
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A large number of Bacillus strains have been isolated from various
environments and many of them have great potential as cell factories.
However, they have been rarely developed as cell factories due to their poor
transformation efficiency. In this study, we developed a highly efficient
plasmid delivery system for undomesticated Bacillus strains using a
modified integrative and conjugative element (MICE), which was designed
to be activated by an inducer, prevent self-transfer, and deliver desired
plasmids to the recipient cells. The MICE system was demonstrated to
successfully introduce a gfp-containing plasmid into all 41 undomesticated
Bacillus subtilis strains tested and eight other Bacillus species. The MICE
was used to deliver a cytosine base editor (CBE)-based multiplex genomeediting tool for the cell factory engineering of the Bacillus species. The
introduced CBE enabled one-step inactivation of the major extracellular
protease genes of the tested strains. The engineered strains were used as
hosts for heterologous expression of nattokinase, which resulted in various
enzyme expression levels. The results suggested that the MICE and CBE
systems can be powerful tools for genetic engineering of undomesticated
Bacillus strains, and greatly contribute to the expansion of the Bacillus cell
factory.
Keywords: Bacillus, cell factory, integrative and conjugative element
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Synthetic Biological Approaches for the Development of
Improved Bacillus thuringiensis Insecticides

Engineering Aldehyde Dehydrogenase to Optimize the
3-Hydroxypropionic Acid Production Pathway
by Directed Evolution

Min Gu Park1,2, Jae Young Choi1, Dong Hwan Park2, Minghui Wang2,
Sang Hee Kim2, Ho Yeon Lee2, and Yeon Ho Je1,2*
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Tae Hyeon Yoo4*, and Gyoo Yeol Jung1,2*
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Technology (POSTECH), Republic of Korea, 2School of Interdisciplinary
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Technology (POSTECH), Republic of Korea, 3School of Chemical and
Biological Engineering, Institute of Chemical Process, Seoul National
University, Republic of Korea, 4Department of Molecular Science and
Technology, Ajou University, Republic of Korea, 5School of Life Sciences,
KNU Creative BioResearch Group, Kyungpook National University,
Republic of Korea, 6School of Energy and Chemical Engineering, Ulsan
National Institute of Science and Technology (UNIST), Republic of Korea

Bacillus thuringiensis (Bt) produces insecticidal parasporal inclusions
(crystal protein) which have been used as a major ingredient of most bioinsecticides. Traditionally, control of pests in the agricultural field has relied
on the application of synthetic insecticides, however, as awareness of
environmental problems caused by the use of chemical pesticides has
grown, Bt has been spotlighted as an alternative bio-insecticides. For
enhanced toxicity, fast effects and delay of resistance development, isolation
of novel useful Bt strains and genetic engineering research are essential. In
this study, it was intended to isolate and characterize a novel Bt strain, using
genetic approaches, to generate a stably improved strain with a broader
insecticidal host range. In addition, in order to increase transformation
efficiency of Bt strains, a transformation system utilizing asporogenous
recombinant strain was developed. In terms of expanding the scope of Btbased research, the dsRNA producing platform was established. A novel Bt
IMBL-B9 with high toxicity against lepidopteran insects, especially
Spodoptera exigua, S. frugiperda and Plutella xylostella was isolated from
Korean soil samples and characterized. The IMBL-B9 strain produced
bipyramidal and cuboidal crystals consisting of cry toxins with molecular
weights of 130 and 65 kDa, respectively. In the genome analysis, it was
revealed that the Bt IMBL-B9 strain harbors totally 8 crystal protein genes
and 1 vegetative insecticidal protein gene. To increase the transformation
efficiency of Bt strains, alternative methods by a study of a sporulation
deficient engineered Bt mutant system were established. To applicate the
spore as a selectable marker for the transformation in Bt, the spo0A
knocked-out strain which caused sporulation deficient mutant strain was
constructed. An applied perspective, simultaneously Bt-based dsRNA and
Cry toxin-producing platform was established. The Asian honeybee, Apis
cerana is threatened by sacbrood virus (SBV) and by Galleria mellonella.
Recently, RNA interference (RNAi) has been suggested as a promising
strategy for the suppression of honeybee viruses. In this study, transformant
Bt that produces dsRNA against the vp1 gene of SBV was constructed. SBV
replication was suppressed in A. cerana when they ingested dsRNA at the
same time, Cry toxins from the improved Bt strain showed a high level of
insecticidal activity against the G. mellonella.

3-HP is an important platform chemical, and biological production of 3-HP
from glycerol as a carbon source using glycerol dehydratase and aldehyde
dehydrogenase has been revealed to be effective. Despite successful attempts
of 3-HP production, biological process suffers from problems arising from
low activity and inactivation of the two enzymes. To apply the directed
evolution to engineer 3-HP production system, we constructed a synthetic
screening device using a 3-HP-responsive transcription factor and
developed a selection approach for screening. The method was applied to
ALDH library, specifically aldehyde-binding site library of KGSADH. Only
two serial cultures resulted in enrichment of strains showing 25% increased
3-HP production, and an isolated KGSADH variant enzyme exhibited 2.8fold higher catalytic efficiency toward its aldehyde substrate than wild-type
one.
Keywords: 3-hydroxypropionic acid, KGSADH, protein engineering
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Lactic acid bacteria have been widely described for their capabilities to
provide health benefits via producing various bioactive metabolites.
Phenyllactic acid (PLA) is one of the microbial metabolite and has been
recognized as a functional compound for protecting host against pathogenic
infections. In this study, we developed bio-delivering probiotics enhancing
its ability to produce PLA and investigated its potential use as an
antimicrobial agent. First, we screened the PLA production by a number of
lactic acid bacteria that positively affect the fitness of the host intestinal
environment and found that Bifidobacterium longum and Lactobacillus
plantarum highly produce PLA compared to other strains. In order to
generate genetically engineered PLA-delivering bacteria, we cloned ldh
genes encoding lactate dehydrogenase in Escherichiacoli and confirmed the
production of PLA using HPLC. Enzymatic characterization of the probiotic
lactate dehydrogenases and antimicrobial activity assay of the culture
supernatants further supported the notion that probiotics-derived
antimicrobial PLA would have high catalytic efficiency. Based on our
findings, the LDH gene is suggested as a key factor for producing PLA,
which could have a positive effect on the metabolism of our body as well as
health improvement.

49th Annual Meeting & International Symposium

2022 KMB Selected Five Leading Technologies in Microbiology and Biotechnology

Q-55

The Korean society for
Microbiology and Biotechnology

Q-56

Metabolic Engineering of Rhodococcus opacus Strains for
the Production of Fatty Acids and Fuels

Retrobiosynthetic Approach to Biological Production of
Short-Chain Primary Amines in Metabolically Engineered
Escherichia coli

Alisher Nazarbekov1, Hye Mi Kim1, Tong Un Chae1, So Young Choi1,
Won Jun Kim1, and Sang Yup Lee1,2*
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Bio-based production of free fatty acids (FFAs) and derivatives is of great
interest. We report the development of metabolically engineered
Rhodococcus opacus strains producing FFAs, fatty acid ethyl esters (FAEEs)
and long-chain hydrocarbons (LCHCs). An engineered strain with acylCoA synthetases deleted, overexpressing three lipases produces 50.2 g/L of
FFAs. Another engineered strain with acyl-CoA dehydrogenases deleted,
overexpressing lipases, foldase, acyl-CoA synthetase, and heterologous
aldehyde/alcohol dehydrogenase and wax ester synthase produces 21.3 g/L
of FAEEs. A third engineered strain with acyl-CoA dehydrogenases and
alkane-1 monooxygenase deleted, overexpressing lipases, foldase, acyl-CoA
synthetase, and heterologous acyl-CoA reductase, acyl-ACP reductase and
aldehyde deformylating oxygenase produces 5.2 g/L of LCHCs. Methods
and strategies, used in this study to develop the engineered strains capable of
producing fatty acids and biofuels, will help establish oleaginous biorefinery
platform.

Due to unknown biosynthesis pathways, the biological production of many
chemicals is not possible at present. We report a strategy that combines
retrobiosynthesis and precursor selection steps to engineer biosynthetic
pathways for multiple short-chain primary amines (SCPAs), which have
wide applications in the chemical industries. Using the direct precursors of
SCPA to target SCPA determined by the above strategy, Streptomyces
viridifaciens vlmD encoding valine decarboxylase is investigated as a proofof-concept promiscuous enzyme to generate SCPAs from their precursors
both in vitro and in vivo. Escherichia coli expressing heterologous vlmD
produces 10 SCPAs by feeding their direct precursors. In addition,
metabolically engineered E. coli strains developed to produce representative
SCPA from glucose yielded 10.67 g L-1 isobutylamine by fed-batch culture.
This study presents the strategy for systematically engineering biosynthetic
routes for the production of a group of related chemicals, as demonstrated
by several SCPAs by example.

Keywords: Fatty acids and biofuels, Rhodococcus opacus, metabolic
engineering
[This work was supported by the Technology Development Program to
Solve Climate Changes on Systems Metabolic Engineering for Biorefineries
from the Ministry of Science and ICT through the National Research
Foundation (NRF) of Korea (NRF-2012M1A2A2026556 and NRF2012M1A2A2026557)]

Keywords: Retrobiosynthesis, short-chain primary amines, metabolic
engineering
[This work was supported by the Technology Development Program to
Solve Climate Changes on Systems Metabolic Engineering for Biorefineries
from the Ministry of Science and ICT through the National Research
Foundation (NRF) of Korea (NRF2012M1A2A2026556 and NRF2012M1A2A2026557)]
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CRISPR/Cpf1 Mediated Efficient Genome Editing at
Single-Nucleotide Level Achieved by Maximally Truncated
crRNAs

Mismatch Intolerance from 5’-Truncated sgRNAs Enables
Accurate Microbial Genome Editing

Ho Joung Lee, Hyun Ju Kim, and Sang Jun Lee*

Department of Systems Biotechnology, and Institute of Microbiomics,
Chung-Ang University, Anseong 17546, Republic of Korea

Ho Joung Lee, Hyun Ju Kim, and Sang Jun Lee*
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The CRISPR/Cas9 system has become the most useful sequence-specific
genome editing tool. However, this approach occasionally results in the
digestion of both the DNA target and similar DNA sequences due to
mismatch tolerance, which remains an important drawback of current
genome editing technologies. To solve the issues, the 5’-end truncations of
sgRNA was designed and introduced. It was observed that even single-base
mismatches between the target DNA and 5’-truncated sgRNAs is
distinguished. These results suggest that the single-base-edited targets in the
genome can be negatively selected by 5’-truncated sgRNAs. Moreover, it is
demonstrated that the truncation of the 5’-end in the sgRNA enables the
modification of individual bases in the DNA target, regardless of the
mutation type, location, and sequence of the base. In addition, it is also
applicable to the engineered Cas9 nuclease system with the expanded
protospacer adjacent motif (PAM; 5’-NG), which might be able to the single
base editings in the whole genome without any other limitations.

Mismatch tolerance of CRISPR/Cas system interferes with the accurate
genome editing. Actually, it is observed that the single-base editings are
rarely achieved in the microbial genome with oligonucleotide-directed
mutagenesis followed by CRISPR/Cpf1-mediated negative selection. Since
the crRNAs can recognize and discriminate the specific target DNA
sequences, the effects of 3’-end nucleotide truncations and a single mismatch
in the crRNAs are systematically analyzed through the negative selection by
genomic cleavage activity of FnCpf1 in Escherichia coli. Five nucleotides
could be maximally truncated at the 3’-end of crRNAs for the efficient DNA
target cleavage. However, cleavage of the target DNA was inefficient when a
single mismatch was simultaneously introduced in the maximally 3’-endtruncated crRNA. Based on these results, it is assumed that the maximal
truncation of crRNA can form a complex with Cpf1 nuclease, distinguish
between the single base edited target and unedited target in vivo. Compared
to shorter truncations in the other crRNAs, the maximal 3’-end-truncation
of crRNAs achieved single-base editings with high efficiencies in DNA
targets. Moreover, the maximal truncation of crRNA could achieve the
efficient editings in single base and nucleotide resolution, regardless of the
target base location or mutation type.

Keywords: Mismatch intolerance, 5’-end truncations, Cas9
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CRISPR-Mediated Accurate Microbial Genome Editing
by Modified Guide RNAs
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Single Nucleotide Level E. coli Genome Editing Aided by
Target-Mismatched sgRNA in CRISPR/Cas9
Department of Systems Biotechnology, and Institute of Microbiomics,
Chung-Ang University, Anseong 17546, Republic of Korea
The genome editing field has been revolutionized by CRISPR/Cas system.
CRISPR/Cas is modularized by a target-recognizing guide RNA and target
cleaving Cas nuclease. The CRISPR/Cas activation is triggered by the
hybridization of guide RNA and the target DNA, subsequently cleaving each
strand of the target DNA. CRISPR/Cas system can be used as a negative
selection tool that cleaves the unedited target DNA but leaves the edited cells
with the desired mutation. However, the CRISPR/Cas system can recognize
and cleave a DNA target with a single or double mismatch between the DNA
target and the sgRNA. This is called mismatch tolerance, which interferes
with single-base-level genome editing. To solve the problems with mismatch
tolerance, 1 or 2 bp mismatch(es) were introduced into sgRNAs in advance.
It is thought that the unchanged target DNA can be cleaved by targetmismatched sgRNAs due to mismatch tolerance, however, the edited targets
are not because of the increased number of mismatches. Consequently, the
cells with a single base edited genome are successfully achieved. This study
shows that the target-mismatched sgRNA method is an effective method for
single-nucleotide level microbial genome editing.

Keywords: Single base editing, mismatch tolerance, guide RNA

Keywords: Mismatch tolerance, target-mismatched sgRNA, single base
editing
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Microbial genomes have been manipulated using genetic cassettes harboring
selectable markers and homologous DNA elements. It requires several stages
including homologous recombination and excision of inessential DNA
regions such as selectable markers from the edited region of genome. In
most cases, scars and traces remained due to the genomic manipulation,
which could interfere with further iterative genome engineering. A decade
ago, from the bacterial adaptive immune system, the CRISPR/Cas system
revolutionized genome editing fields. Among the various Cas nucleases
derived from numerous bacteria and archaea, Cas9 and Cas12a (Cpf1)
systems have become the major genome editing tools in most living
organisms because of their simplicity, and modularization, consisting of a
single polypeptide nuclease with a target-recognizing RNA. However, there
were still some limitations to accurate and fine-tuned genome editing due to
mismatch tolerance and PAM-dependent target recognition. To enable the
single-base level genome editing, we developed the target-mismatched
guide RNA method. Furthermore, we figured out that maximally-truncated
guide RNAs can edit the genomic target accurately with very high editing
efficiency. Our study demonstrates how to modify guide RNAs to achieve
single nucleotide-level genome editing.
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Improving Free Fatty Acids Production in Escherichia coli
by Combinatorial Metabolic Engineering

Systematic Development of Secretory System Using
Synthetic Signal Peptide Library for the Enhanced
Production of Recombinant Proteins in Corynebacterium
glutamicum
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Microbial Free fatty acids (FFAs), which are easily converted to industrial
chemicals and produced sustainedly from cellulosic biomass, are one of the
candidates to substitute depleting petroleum fuel. Among the microbes
producing FFAs, Escherichia coli has many benefits for producing microbial
FFAs because of its rapid growth, abundance of genetic information for
FFAs biosynthesis. In this study, we combined multigenetic manipulation
and induced stress response based on nitrogen limitation. To construct
optimized strain for producing FFAs, we firstly overexpressed a mutant
‘‘TesAR64C which was leaderless acyl-CoA thioesrease Ⅰ with an amino acid
substitution (arginine64th to cysteine64th), the strain produced 1.7-fold higher
production than the control strain overexpressing the leaderless ‘TesA.
Additional overexpression of FadR, the transcriptional regulator involved in
FA biosynthesis and degradation, resulted in 2.2-fold higher production
than parental strain (overexpressing ‘TesAR64C). Introduction of MMC
(methylmalonyl-CoA carboxyltransferase)-PPC (phosphoenolpyruvate
carboxylase) system for bypassing the feedback inhibition of ACC (acetylCoA carboxylase), which produced the malonyl-CoA(key-precursor of FA
synthesis) from acetyl-CoA, increased 1.2-fold of FFAs production. Deletion
of three genes (gusC, mdlA, and envR) encoding the proteins related to FFAs
membrane transport in the strain overexpressing all the enzymes above
mentioned (‘TesAR64C, FadR, MMC, PPC) produced 7.15 g/L FFAs
production, 4.75-fold higher than control strain. Finally, combining the
multiple genetic manipulation and fermentation engineering produced
33.64 g/L FFAs in fed-batch fermentation, the highest titer in E. coli ever
reported. Our combinatorial metabolic engineering strategy is helpful for
commercializing microbial production of FFAs.

Corynebacterium glutamicum is an attractive host for biotechnological
production of recombinant protein due to the fact that it is a nonsporulating, non-pathogenic, and GRAS (Generally recognized as a safe)
strain. Moreover, it is gram-positive bacteria with single cell membrane and
has very few endogenous secretory proteins, which make it possible to
overproduce target protein with high purity via secretory expression.
Although it is ideal for secretory production, limitations for effective
application still exists. In particular, to secrete certain protein, appropriate
signal peptide is essential. Here, we present a novel strategy to improve the
extracellular production of recombinant proteins in C. glutamicum. First,
we constructed a synthetic signal peptide (SP) library which allows the secdependent secretory production in C. glutamicum, and we conducted
library screening to isolate the optimal signal peptide for the secretory
production of target proteins. With the optimized signal peptide, we
successfully achieved much improved secretory production of target protein
compared with those employing other signal peptides which have been
widely used for the secretory production in C. glutamicum.
Keywords: Corynebacterium glutamicum, secretory production, synthetic
peptide library
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Adaptive Laboratory Evolution to Overcome Growth Limit
of Eubacterium limosum under the Autotrophic Conditions

A Vibrio-Based Microbial Platform for Accelerated
Lignocellulose Refinery

Seulgi Kang1, Sangrak Jin1, Jiyun Bae1, Hyeonsik Lee1, and
Byung-Kwan Cho1,2*

Sung Hwa Woo1, Hyun Gyu Lim2, Yong Hee Han3, Sang Woo Seo3*,
and Gyoo Yeol Jung1,4*
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Department of Chemical Engineering, Pohang University of Science and
Technology (POSTECH), Pohang 37673, Republic of Korea, 2Department
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USA, 3Institute of Chemical Process, Seoul National University,
1 Gwanak-Ro, Gwanak-Gu, Seoul 08826, Republic of Korea, 4School of
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Eubacterium limosum is one of the acetogens that utilize syngas consisting
of CO, CO2, and H2 to produce central metabolic intermediate such as
acetyl-CoA through the Wood-Ljungdahl pathway. For most acetogens,
complex media are used to produce biomass and chemical products under
autotrophic growth conditions. However, due to the effect of the undefined
components such as yeast extract, understanding the certain autotrophic
metabolism of acetogens has been limited. In this study, we performed
adaptive laboratory evolution (ALE) of E. limosum by serially decreasing the
concentration of yeast extract under syngas condition. The evolved strain is
able to grow in the medium without yeast extract while completely
consuming CO (growth rate 0.101±0.001 h-1). To understand the phenotype
of the evolved strain, we implemented whole-genome resequencing and
transcriptome analysis. As a result, causal mutations were found in genes
encoding acetyl-CoA synthase and ABC transport system permease protein.
Furthermore, transcriptional change in response to the absence of yeast
extract showed significant upregulation of the tryptophan, methionine, and
histidine biosynthesis pathways, revealing that those amino acids are
required for autotrophic growth of E. limosum. This study provides a
foundation for understanding the autotrophic metabolism of acetogens.

Since the efficiency of the microbial process is greatly affected by the
inherent metabolic activities of host microorganisms, it is essential to utilize
a microorganism that can rapidly convert biomass-derived sugars. Here, we
report a novel Vibrio-based microbial platform that can rapidly and
simultaneously consume major sugars in lignocellulosic biomass, faster than
that by any previously reported microorganisms. We engineered Vibrio sp.
dhg strain to have the heterologous xylose isomerase pathway and
evolutionary optimized for its rapid xylose catabolism. Thereafter,
simultaneous consumption of glucose, xylose, and arabinose was achieved
by disturbing the phosphotransferase system. Superior performance and
applicability of the generated strain were demonstrated by achieving
efficient lactate production with high productivity and titer. We believe that
the developed strain can be broadly utilized to accelerate the production of
diverse biochemicals from lignocellulosic biomass.
Keywords: Vibrio, lignocellulose, xylose
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Synthetic Microbial Consortia with Population Guiding
Strategy for Improving Biochemical Production
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A Simple Method of Control Glycolytic Flux for an Optimal
Cell Factory
Jaeseong Hwang1, Seong Gyeong Kim2, and Gyoo Yeol Jung2*
1

Although microbial consortia have been considered potential platforms for
bioprocessing applications, the complexity in process control owing to the
use of multiple strains necessitates the use of an efficient population control
strategy. Herein, we report a novel population control strategy for improving
biochemical production by a microbial consortium using circuit-guided
synthetic acclimation. As a proof of concept, we designed a consortium
comprising alginate-utilizing Vibrio sp. dhg and 3-hydroxypropionic acid
(3-HP)-producing Escherichia coli strains for the direct conversion of
alginate to 3-HP. We constructed a genetic circuit, named “Population
guider”, which degrades ampicillin only when 3-HP is produced. We
observed that 3-HP production by an acclimated population increased by
4.3-fold compared to that by a simple co-culturing consortium during a
48-h fermentation. We believe this concept is a useful strategy for the
development of robust consortium-based bioprocesses.

A microbial cell factory with high yield and productivity are prerequisites
for an economically feasible bio-based chemical industry. However, cell
factories that show a kinetic imbalance between glycolysis and product
formation pathways are not optimal. Glycolysis activity is highly robust for
survival in nature, but is not optimized for chemical production. Here, we
propose a novel approach to balance glycolytic activity with the product
formation capacity by precisely controlling expression level of ptsG (encoded
glucose transporter) through UTR engineering. For various heterologous
pathways with different maximum production rates, e.g., n-butanol,
butyrate, and 2,3-butanediol, glycolytic fluxes could be successfully
modulated to maximize yield and productivity, while minimizing byproduct formation in Escherichia coli.
Keywords: UTR, ptsG, glycolytic flux

Keywords: Microbial consortia, synthetic acclimation, 3-hydroxypropionic
acid
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Switchable Aminoglycoside Biosynthetic Logic Circuits
Programmed in an E. coli Recombinant

Precise Precursor Rebalancing to Enhance Isoprenoid
Biosynthesis through Fine-Tuning of gapA Expression in
E.coli
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Since the discovery of streptomycin, biosynthesis pathway of aminoglycoside
have been exploited for the development of new aminoglycoside leads
against multi-drug resistant Gram-negative pathogens. Our laboratory also
has been consistently investigated biosynthetic pathway of fortimicin (FOR)
and istamycin (IST) using genetically tractable E. coli heterologous host.
These two aminoglycosides have very similar structure and our team have
revealed biosynthetic compatibility of FOR genes with IST genes. In this
study, we designed and constructed an engineered E. coli recombinant, in
which an inducible genetic toggle switch circuit was embed as a reversible
metabolic switch towards aminoglycoside biosynthesis. Using Boolean logic
gate, we could realize the switchable FOR/IST biosynthetic route in the
customized E. coli machine. This could be confirmed as products from
recombinant host. Depending on the inducers supplemented into the
recombinant culture, we could predict and obtain the desirable FOR/IST
products. Productivity of FOR/ISTs was measured by HPLC-ESI-MS/MS
analysis and operation of logic gate was also verified, as a proof of concept,
by quantification of fluorescence proteins expressed. Minsuk Seo and Young
Hae Kwon contributed equally to this poster.

Isoprenoids are most abundant and diverse group of natural products.
Isoprenoids biosynthesis via the 1-deoxy-D-xylulose-5-phosphate (DXP)
pathway requires equimolar glyceraldehyde 3 phosphate and pyruvate to
divert carbon flux toward the products of interest. In this study, we explored
efficient engineering target, gapA, for precursor balancing and demonstrated
that the importance of precise precursor balancing to divert carbon flux
toward isoprenoids via the DXP pathway in E. coli. First, we constructed a
lycopene-overproducing E. coli strain by the amplification of the native DXP
pathway using synthetic promoters and redesigned 5’-untranslated regions
(5’-UTR). Second, we investigated the effect of precise precursor balancing
with PpsA and GAPDH through fine-tunable control at both transcription
and translation levels. The results showed that tuning-down of gapA
improved the specific lycopene by 45% compared to the overexpression of
ppsA. The specific lycopene content in the strains with repression of gapA
increased by 97% compared to that in the parental strain. Finally, our
strategy could be broadly utilized in the field of metabolic engineering and
synthetic biology to increase the production of numerous high-value
isoprenoids.

Keywords: Aminoglycoside, pathway engineering, logic gate
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Design of Mutualistic Microbial Consortia for Stable
Conversion of Carbon Monoxide to Value-Added
Chemicals
Dong Hwan Kim1, Sang Hak Cha1, Hyun Gyu Lim1, Chae Won Kang1,
Seok Mu Kwon1, and Gyoo Yeol Jung1,2*

Integration of biosynthetic construction into host chromosomal DNA is an
essential and distinctive step for the improvement of productivity.
Expression of heterologous proteins in the bacterial chromosome in a
precise and efficient manner is highly desirable for metabolic engineering
and live bacterial applications owing to their inherent expression stability
and low metabolic burden to the host cells. Our laboratory has been
sustainedly investigated biosynthetic pathway of fortimicin (FOR), which
has clinically been used as an effective agent for the treatment of bacterial
pathogen infection, using genetically tractable E. coli heterologous host.
This study aimed to improve FOR productivity by site-specific chromosomal
integration strategy and multiplexing the artificial FOR-KK1 biosynthetic
gene set, into the E. coli chromosome. This poster reports the increased
titers of FOR-KK1 compared to the plasmid-based expression strains. The
recombinant strains, which produces FOR-KK1 with high productivity, can
be used as a cell factory platform to solve the missing pieces of complicated
FOR biosynthetic puzzle in the near future. Yu Rin Seol and Woong Shin
Kang contributed equally to this poster.
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Carbon monoxide (CO) is a promising carbon source for producing valueadded biochemical via microbial fermentation. However, its microbial
conversion has been challenging because of difficulties in genetic
engineering of CO-utilizing microorganisms and, more importantly,
maintaining CO consumption which is negatively affected by the toxicity of
CO and accumulated byproducts. To overcome these issues, we designed
the mutualistic microbial consortia of Eubacterium limosum and genetically
engineered Escherichia coli was designed for the production of
3-hydroxypropionic acid (3-HP) and itaconic acid (ITA). We found that the
mutualistic interaction significantly stabilized and improved CO
consumption of E. limosum compared to monoculture, which consequently
allowed successful production of 3-HP and ITA from CO. This study is the
first demonstration of value-added biochemical production from CO using
a microbial consortium, suggesting as a powerful platform for CO
utilization.
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Hybridizing Coenzyme B12 Biosensors to
Handle Sensor’s Characteristic

Cellular Communication-Based Screening for Export
Phenotypes of 3-Hydroxypropionic Acid

Junyeong Sung, Gyoo Yeol Jung*, Sungyeon Jang, and Sungho Jang

Seungjin Kim1, Si Hyung Jin2, Hyun Gyu Lim1, and Gyoo Yeol Jung1*
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Genetic circuits are composed of input, logic, and output parts. Construction
of complex circuits for practical applications requires numerous tunable
genetic parts. Especially, tuning of the input part is most important to
modulate the dose-response curve of the biosensor. However, the limited
diversity and complicated tuning methods used for the input parts hinder
the scalability of genetic circuits. Therefore, a new simple input part must be
developed in a different way than before. On the other hands, a new type of
input part is required that responds to diverse signals and enables easy
tuning. This hybrid input part could be highly extensible considering the
rich variety of components.

Although cellular export is important in industrial biotechnology, its
assessment is difficult due to the lack of efficient analytical methods. This
study describes a synthetic cellular communication-based microfluidic
platform for screening improved export phenotypes. Metabolite-secreting
cells were compartmentalized in droplets, with sensing cells equipped with
a genetic circuit that converts the export level into an easily detectable signal.
This platform was applied to identify Escherichia coli genes that enhance the
exportation of 3-hydroxypropionic acid, an industry-relevant platform
chemical. Resultantly, two genes (yjcO and setA) found by this platform
enhance the secretion of 3-hydroxypropionic acid and its production. Given
the increasing design capability for chemical-detecting cells, this platform
has considerable potential in identifying efflux pumps for many important
chemicals.

Keywords: Coenzyme B12, biosensor, hybridization
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Development of Caprolactam-Specific RNA-Based
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Minsun Kim1, Sungyeon Jang2, Sungho Jang2, Dae-kyun Im3,
Taek Jin Kang4, Min-Kyu Oh3, and Gyoo Yeol Jung1,2*

Q-74
Plug-in Repressor Library for Precise Regulation of
Metabolic Flux in Escherichia coli

1

School of Interdisciplinary Bioscience and Bioengineering, POSTECH,
Pohang 37673, Republic of Korea, 2Department of Chemical Engineering,
POSTECH, Pohang 37673, Republic of Korea, 3Department of Chemical
and Biological Engineering, Korea University, Seoul 02841, Republic of
Korea, 4Department of Chemical and Biochemical Engineering,
Dongguk University, Seoul 04620, Republic of Korea

Myeongwon Min1, Ji Yeon Lee1, Sanghak Cha2, Ji Hoon Lee1,
Hyun Gyu Lim2, Myung Hyun Noh2, Chae Won Kang2, and
Gyoo Yeol Jung1,2*
1

School of Interdisciplinary Bioscience and Bioengineering,
Pohang University of Science and Technology, Republic of Korea,
2
Department of Chemical Engineering, Pohang University of Science and
Technology, Republic of Korea
In metabolic engineering, improved production of value-added chemicals
requires precise flux control between growth-essential competing and
production pathways. Although advances in synthetic biology have achieved
the exploitation of a number of genetic elements for precise flux control,
their use requires expensive inducers, or more importantly, needs complex
and time-consuming processes to design and optimize adequate regulator
components, case-by-case. To overcome this issue, we devised a plug-in phlF
repressor library for target-specific flux control, where its expression level
was diversified using degenerate 5’ untranslated region (5’ UTR) sequences
generated by the UTR Library Designer. After we validated a wide expression
range of the repressor library, it was applied to enhance the production of
3-hydroxypropionic acid (3-HP) from acetate or lycopene from glucose in
Escherichia coli via precise flux rebalancing. Consequently, we successfully
achieved optimal carbon fluxes around the precursor nodes for efficient
production. The most optimized strains produced 1.08 g/L of 3-HP and 10.6
mg/L of lycopene, which were improved 5.5-fold and 1.9-fold, respectively,
compared to those produced by the parental strains. These results indicate
that plug-in phlF library is a powerful strategy for efficient production of
value-added chemicals by precisely regulating carbon flux in E. coli.

Keywords: Caprolactam, riboswitch, biosensor
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Caprolactam is a monomer that is used in synthesis of value-added chemical,
Nylon-6. Production of caprolactam in recombinant microbial strain entails
unwanted byproduct, valerolactam with five carbons. To engineer the strain
as an efficient caprolactam producer, development of biosensor that reports
the intracellular concentration of caprolactam is required. Here, we selected
caprolactam-specific aptamer from random RNA library and engineered it
into a riboswitch that regulates translation initiation. Iterative selections in
controlled conditions in vitro and in vivo allowed enrichment of aptamers
with target-specific binding affinity and riboswitches with target-dependent
conformation-changing ability from randomized oligonucleotide pool.
Screened riboswitch successfully discriminated caprolactam from
valerolactam, which reported a proportional fluorescence signal only to
intracellular caprolactam concentration and high fold-activation ratio. The
modular design of riboswitch circuit could drive diverse cellular responses
by swapping reporter genes, which broadens its scope of application. We
expect that novel synthetic biology toolkit sparks the evolutionary
engineering of value-added producer strains.
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Heterologous Expression of Key MEP Pathway Genes
from Vibrio sp. dhg for Enhanced Lycopene Production in
Escherichia coli

Analysis of Genetic Variation with High Resolution
Leveraging Microchip-Based CE-SSCP
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Microbial fermentation is a method that can overcome major problems in
conventional methods of lycopene production, such as low yields and poor
quality. For improved lycopene production, it is important to amplify
metabolic enzymes with high specific activities. Two key enzymes, 1-deoxyd-xylulose-5-phosphate synthase (Dxs) and farnesyl diphosphate synthase
(IspA), are important in lycopene production by using MEP pathway as a
production pathway. Here, we demonstrated the superior enzyme activities
of Dxs and IspA of Vibrio sp. dhg, a newly isolated and fast-growing
engineerable microorganism. We found that Dxs and IspA in Vibrio sp. dhg
showed 1.08-fold and 1.38-fold higher catalytic efficiencies, respectively.
Thus, the heterologous overexpression of key enzymes increased the specific
lycopene production by 1.88-fold. Our findings could be widely used to
increase production of lycopene and other carotenoids

Capillary electrophoresis on microchip-based genetic analysis systems are
very useful because of rapid analysis, tiny sample/reagent consumption, and
portability. Among the many other electrophoretic techniques, capillary
electrophoresis-single strand conformation polymorphism (CE-SSCP)
analysis is one of promising genotyping method due to its simplicity and
versatility. The electrophoretic mobility variation comes from sequenceinduced folded conformation difference of single strand DNA. Therefore,
any DNA sequence variation theoretically cause shift in the mobility and can
be detected upon electrophoresis in non-denaturing condition. However,
the most critical limitation of CE-SSCP on microchip is low separation
resolution resulting from short separation channel length, thus its
application had been limited. To develop high-resolution microchip CESSCP analysis system, we investigated the relationship between the
resolution of SSCP and the channel width. In this study, we translated CESSCP system into a microchip format and improved separation resolution
via microchannel width control. A high-resolution microchip CE-SSCP
system was demonstrated by using an optimum condition (300 μm channel
width with PEO-PPO-PEO triblock copolymer). This analysis system was
successfully applied to the various genetic analyses including food-borne
pathogen detection and single nucleotide polymorphism marker detection.
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Due to the complicated fermentation process and shortage of genetic
engineering tools of Aspergillus terreus, one of native itaconate producers, its
production has been studied intensively in industrial strains including
Escherichia coli. One of the major issues on itaconate production in E. coli
is the poor availability of its precursor, cis-aconitate, unlike spatially
compartmentalized itaconate synthesis of A. terreus. In this study, directed
evolution of protein known to have substrate promiscuity to citrate was
conducted in E. coli to enhance the cis-aconitate availability. The mutant
library of target enzyme was rationally designed and enriched with the help of
the itaconate responsive screening system based on the itaconate responsive
transcription factor (ItcR) derived from Yersinia pseudotuberculosis. Thereafter,
the developed mutant showed significantly enhanced catalytic efficiency to
citrate compared to the wild-type enzyme and consequently, its use enabled
significantly increased itaconate production compared to the parental
strain, indicating the successful kinetic separation between TCA cycle and
itaconate biosynthesis with the increase cis-aconitate supply for the itaconate
production.
Keywords: Flux compartmentalization, enzyme engineering, biosensor
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Adaptive Laboratory Evolution of Escherichia coli W
Enhances Gamma-Aminobutyric Acid Production Using
Glycerol as the Carbon Source

Characterization of a Cupriavidus sp. PHS1 for the
Biosynthesis of Polyhydroxyalkanoates
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Bio-based plastics are gaining popularity as long-term replacements for
traditional plastics, with the potential to help replace fossil fuels with
renewable resources. Polyhydroxyalkanoates (PHAs) are the most appealing
biodegradable plastic polymer that can be generated from biomass. In fact,
substantial effort has focused on identifying thermophilic or thermotolerant
bacteria that might be utilized to produce PHA. To begin with, chemical
solubility, ionization, and diffusion rates are enhanced in such temperatures
due to the accelerated chemical reactions. Second, because there are fewer
cooling and heating operations at higher temperatures, the cost may be
reduced. Finally, because fewer bacteria can survive at medium and upper
temperatures, the possibility of cross contamination by other microbes is
considerably reduced. Cupriavidus sp. strain PHS1 is a thermotolerant
strain with an optimal temperature of 42℃ that was isolated from a hot
spring in Pohang, Korea. The whole genome sequencing of the strain PHS1
revealed a series of PHA metabolism genes, including phaA, phaB, and
phaC. This study aimed at evaluating characterized strain PHS1 to produce
PHAs in different culture conditions (media, pH, temperature) using
different carbon sources.

The microbial conversion of glycerol into value-added commodity products
has emerged as an attractive means to meet the demands of biosustainability.
However, glycerol is a non-preferential carbon source for productive
fermentation because of its low energy density. We employed evolutionary
and metabolic engineering in tandem to construct an Escherichia coli strain
with improved GABA production using glycerol as the feedstock carbon.
Adaptive evolution of Escherichia coli W under glycerol-limited conditions
for 1,300 generations harnessed an adapted strain with a metabolic system
optimized for glycerol utilization. Mutation profiling, enzyme kinetic assays,
and transcriptome analysis of the adapted strain allowed us to decipher the
basis of glycerol adaptation at the molecular level. Importantly, increased
substrate influx mediated by the mutant glpK and modulation of intracellular
cAMP levels were the key drivers of improved fitness in the glycerol-limited
condition. Leveraging the enhanced capability of glycerol utilization in the
strain, we constructed a GABA-producing E. coli W-derivative with superior
GABA production compared to the wild-type. Furthermore, rationally
designed inactivation of the non-essential metabolic genes, including ackA,
mgsA, and gabT, in the glycerol-adapted strain, improved the final GABA
titer and specific productivity by 3.9- and 4.3-fold, respectively, compared
with the wild-type.
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Production of Poly-3-Hydroxybutyrate-Co-3Hydroxyvalerate (P(3HB-co-3HV)) by Engineered
Halomonas Species Using Organic Acids

[This work was supported by the Korea Bio Grand Challenge
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(2018M3D3A1A01055733 to B.-K.C.) through the National Research
Foundation of Korea (NRF), funded by the Ministry of Science and ICT.]
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In this study, we focused on changing the 3HV fraction ratio of produced
Poly-3-hydroxybutyrate-co-3-hydroxyvalerate (P(3HB-co-3HV)) by
Halomonas sp. YLGW01 using CoA-transferase enabling high 3HV
incorporation. We expressed butyryl CoA-transferase (cftAB) in Halomonas
sp. for investigation of organic acids affecting 3HV fraction. The strain was
cultured in the medium consisted of marine broth with 3 g/L of acetic acid,
valeric acid, propionic acid, and levulinic acid, respectively, for 48 h at 30℃
with shaking at 200 rpm. As a result, in the case of valeric acid was used, the
mole fraction of 3HV has reached at 83% (3HV mol/PHA mol) in the PHA
of engineered Halomonas sp., which is increased 17% higher than wild-type.
In addition, in the case of propionic acid was used, the mole fraction of 3HV
was reached at 29% in engineered Halomonas sp., it has increased rather
than wild type (22%). Overall, engineered Halomonas sp. has substantially
increased 3HV fraction in PHA.
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Metabolic Shifting to Butyric Acid Production in
Acetogenic Strain, Eubacterium limosum KIST612

Development of Highly Characterized Genetic Bioparts for
Efficient Gene Expression in CO2-Fixing Eubacterium
limosum

Soyoung Oh1, Yeji Gil1, Hoyoung Jeong1, and In Seop Chang1,2*
School of Earth Sciences and Environmental Engineering, Gwangju
Institute of Science and Technology, 123 Cheomdan-gwagiro, Buk-gu,
Gwangju 61005, Republic of Korea, 2Research Center for Innovative
Energy and Carbon Optimized Synthesis for Chemicals
(inn-ECOSysChem), Gwangju Institute of Science and Technology,
123 Cheomdan-gwagiro, Buk-gu, Gwangju 61005, Republic of Korea

Jiyun Bae1, Yoseb Song1, Sangrak Jin1, Hyeonsik Lee1, Seulgi Kang1,
Jinsoo Lee1, Jongoh Shin1, Suhyung Cho1,2, and Byung-Kwan Cho1,2*

Butyric acid has industrial applications in food, cosmetics and
pharmaceuticals. Currently, most butyric acids are made from petroleum.
Another eco-friendly method of butyrate production is bacterial
fermentation of sugars via biological pathways. However, butyric acid
production through bacterial fermentation has a limitation in that it is
difficult to separate butyric acid because its production is accompanied by
acetic acid. Therefore, many studies were attempted to increase the
selectivity of butyric acid. Eubacterium limosum KIST612 is a Grampositive bacterium capable of producing acetate and butyrate from glucose.
The KIST612 strain has three CoA transferases, which are enzymes that
simultaneously convert CoA from acetate to acyl-CoA to fatty acids. Here,
three CoA transferases were characterized as acetate:butyryl-CoA CoA
transferases. In addition, based on the identified results, an engineered
strain was constructed by overexpressing butyryl-CoA-specific CoA
transferase in the KIST612 strain. The engineered strain showed a 1.4-fold
higher butyrate production and a 2.7-fold improvement in butyrate per
acetate yield from glucose compared to the wild-type.

Acetogenic bacteria demonstrate industrial potential for utilizing carbon
dioxide (CO2) for biochemical production using the Wood-Ljungdahl
pathway. However, the metabolic engineering of acetogens has been
hampered by the limited availability of genetic bioparts for gene expression.
Here, we integrated RNA sequencing, ribosome profiling, differential RNA
sequencing, and RNA 3’-end sequencing results of Eubacterium limosum to
establish genetic bioparts, such as promoters, 5’ untranslated regions, and
transcript terminators, to regulate transcriptional and translational
expression of genes composing of biosynthetic pathways. In addition, a
transformation method was developed to efficiently deliver the obtained
genetic bioparts into cells, resulting in a transformation efficiency of 2.5×105
CFU/µg DNA. Using this method, the genetic bioparts were efficiently
introduced, and the measured strengths were applied to optimize the
heterologous expression of acetolactate synthase and acetolactate
decarboxylase for non-native biochemical acetoin production. To our
knowledge, this is the first report on integrating multi-omics data for biopart
development in acetogens, which lays a foundation for the efficient
production of biochemicals from CO2 or syngas under autotrophic growth
conditions.

1

1

Department of Biological Sciences, Korea Advanced Institute of Science
and Technology, Daejeon 34141, Republic of Korea,
2
KI for the BioCentury, Korea Advanced Institute of Science and
Technology, Daejeon 34141, Republic of Korea

Keywords: CoA transferase, butyrate, biochemical

Keywords: Acetogenic bacteria, standardized genetic bioparts, omics
[This work was supported by the C1 Gas Refinery Program
(2018M3D3A1A01055733 to B.-K.C.) through the National Research
Foundation of Korea funded by the Ministry of Science and ICT.]
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Development of CO Gas Conversion System Using High
CO Tolerance Biocatalyst

Adipic Acid Production in Genetic-Engineered Yarrowia
lipolytica as a Bioconversion Platform

Sangrak Jin1,2, Seulgi Kang1,2, Jiyun Bae1,2, Hyeonsik Lee1,2, and
Byung-Kwan Cho1,2*

Seung-Ho Baek and Gahee Ryu
Center for Bio-Based Chemistry, Korea Research Institute of Chemical
Technology (KRICT), Ulsan, Republic of Korea

1

Department of Biological Sciences, Korea Advanced Institute of Science
and Technology, Daejeon 34141, Republic of Korea,
2
KI for the BioCentury, Korea Advanced Institute of Science and
Technology, Daejeon 34141, Republic of Korea

Dicarboxylic acids (DCA) are versatile chemicals which have an industrial
importance as the monomer for polymerization of polyamide and nylon as
well as the raw materials such as lubricants, adhesives. Currently, there is an
increasing demand for microbial-based DCA production as an alternative
production method for overcoming disadvantages of chemical synthesis.
Adipic acid, C6 DCA, is a high-volume DCA in the commercial production
of nylon 6,6 and polyurethane resin, but is not naturally produced by
microorganism. Yarrowia lipolytica, a widely studied oleaginous yeast, is an
attractive host which has a capability of assimilating hydrophobic substrates
such as alkanes and fatty acids via specific oxidative degradation pathway. In
this study, we developed a metabolically engineered Y. lipolytica strain for
efficient bioconversion of renewable resource to adipic acid. Firstly, to
generate adipic acid producing strain, we manipulated peroxisomal betaoxidation pathway by disrupting acyl-CoA oxidase (POX) genes to block
the completely oxidation of substrate. Next, we investigated the effect of
additional overexpression of several genes involved in ω-oxidation pathway
to improve terminal oxidation activity. As an effort to produce adipic acid,
two-stage fermentation process, cell growth and production, was conducted
using methyl laurate (C12 FAME) as a substrate.

Acetogenic bacteria (acetogens) are microorganisms with high potential as
biocatalysts that can convert C1 gas, such as carbon dioxide (CO2) or carbon
monoxide (CO), into biomass or biochemicals; however, high CO
concentrations cause growth retardation in these microorganisms. In this
study, we performed adaptive evolution of Eubacterium limosum, an
acetogen, for approximately 400 generations under high CO synthetic gas
(syngas) conditions to obtain E. limosum ECO2, which can rapidly
proliferate even under high CO conditions. A mutation was revealed in
H636R in the Acetyl-CoA synthase (ACS) protein of the ECO2 strain
through whole-genome re-sequencing, and the mutation increased the CO
gas conversion rate. By analyzing the transcript profiling of the ECO2 strain
under high CO syngas conditions, the transcript levels of the methyl branch
in the Wood–Ljungdahl pathway and the energy conservation system
increased at high CO concentration conditions. Finally, to convert CO into
value-added biochemicals, 2,3-BDO (2,3-butanediol) biosynthesis pathways
were constructed and transformed into the E. limosum ECO2 strain. This
strain showed capability to produce 2.60 mg L-1 h-1 of 2,3-BDO through CO
66% syngas fed-batch fermentation. This was 4.5-fold higher than that of the
wild type. We developed a microorganism with high CO tolerance, and this
strain showed high application potential as a biocatalyst that can efficiently
convert CO gas into value-added chemicals.

Keywords: Yarrowia lipolytica, adipic acid, bioconversion
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Enhanced Antimicrobial Efficacy of E. coli Phage
Endolysins through Fusion with an Antimicrobial Peptide

[This work was supported by the C1 Gas Refinery Program (2018M3D3A1A
01055733 to B.-K.C.) through the National Research Foundation of Korea
funded by the Ministry of Science and ICT.]

Taehwan Jeong1, Hwan Kim1, and Heejoon Myung1,2*
1

Department of Bioscience and Biotechnology, Hankuk University of
Foreign Studies, Yong-In, Gyung-gi Do 17035, Republic of Korea,
2
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For decades, antibiotic-resistant bacteria emerges faster than the
development of new antibiotics, therefore novel antibiotics to replace
traditional antibiotics are needed. Recently, bacteriophage endolysin has
been studied as alternative antibiotics. An endolysin is a bacteriophageencoded enzyme that degrades bacterial cell wall when a bacteriophage
bursts out in a lytic replication cycle. While wild-type endolysins are
promising, protein engineering offers many opportunities to increase its
efficacy. An endolysin’s activity might be hampered due to the presence of
outer membrane in Gram-negative bacteria when provided from outside.
Antimicrobial peptide cecropin A crosses the outer membrane by selfpromoted uptake, causing distortions of the membrane. We fused Cecropin
A to endolysins from E. coli phage 10-24(13), PBEC30, or PBEC56. Cecropin
A-fused endolysins showed improved efficacy against various Gramnegative bacteria including ESKAPE pathogens (Enterococcus faecium,
Staphylococcus aureus, Klebsiella pneumoniae, Acinetobacter baumannii,
Pseudomonas aeruginosa, and Enterobacter spp. or Escherichia coli) with
minimum inhibitory as low as 4 µg/ml. The distortion of the outer
membrane may facilitate uptake of cecropin A-fused endolysins as well as
cecropin itself, leading to a much higher antibacterial efficacy of the fusion
protein. As a conclusion, engineered endolysin could be used a strong
candidates that replace traditional antibiotics.
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Secretion of Neoleukin-2/15 through the Engineered
Secretion System for Bacteria Cancer Therapy

Metabolic Engineering for the Utilization of Pectin-Rich
Biomass by Saccharomyces cerevisiae

Jaewon Ha and Miryoung Song*

Deokyeol Jeong, Heeyoung Park, Sujeong Park, Suhyeung Kim, and
Soo Rin Kim*

Department of Bioscience and Biotechnology, Hankuk University of
Foreign Studies, Republic of Korea

School of Food Science and Biotechnology, Kyungpook National
University, Daegu 41566, Republic of Korea

Bacteria cancer therapy is a promising treatment option which is based on
the tumor targeting ability and engineering capacity for the expression of
heterologous proteins of bacteria such as Salmonella. However, there are
huddles to overcome including potential virulence and absence of
controllable delivery system for therapeutics expressed in bacteria. Here, we
developed the attenuated Salmonella strain containing user controllable
protein secretion system together with the expression cassette for therapeutic
molecule, which will serve as bacterial vector to tumor site for the delivery
of immunotherapy agent. To this end, Salmonella pathogenicity island
(SPI)-1 and SPI-2 were removed from the chromosome, which encode
virulence factors involved in the invasion into epithelial cells and the
replication within macrophages. And the plasmid encoding synthetic type 3
secretion system (SynT3SS) was introduced into the strain for the delivery of
anticancer cargo. Neoleukin-2/15 was chosen as a cargo, which is known for
superior therapeutic activity than interleukin-2 in cancer therapy. Therefore,
coding sequences for neoleukin-2/15 was synthesized and assembled with
signal sequences of SptP for the secretion through the SynT3SS at the 5’ end.
The DNA fragment was then placed under the control of constitutive
promoter J23110 on ColE1 plasmid. Finally, the resulting plasmid was
transformed into Salmonella DSPI-1DSPI-2 with the SynT3SS. By western
blot analysis, the secretion of the recombinant neoleukin-2/15 was detected
from bacterial culture supernatant. Currently, we are testing the function of
the recombinant neoleukin-2/15 delivered through the SynT3SS using
cytotoxic T cell line, CTLL-2, and the effect of neoleukin-2/15 on tumor will
be determined using murine cancer model.

Pectin-rich biomass is expected to be an alternative biomass for the
production of biofuels because it contains less lignin than lignocellulosic
biomass. However, monomers derived from pectin-rich biomass, namely
xylose, L-arabinose, L-rhamnose, and galacturonic acid are not fermented
by native Saccharomyces cerevisiae, which is an industrial host for biofuel
production. In this presentation, we will introduce a strategy for metabolic
engineering of yeast S. cerevisiae that can utilize monomers derived from
pectin-rich biomass. Moreover, we will discuss industrial application plans
such as production of the bioplastic monomers and biofuels from citrus peel
waste by the developed strains.
Keywords: Citrus peel waste, non-conventional carbon source, Cas9-based
genome editing
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Production of Benzoic Acid from Glucose from
Metabolically Engineered Escherichia coli
Cheon Woo Moon, Zi Wei Luo, and Sang Yup Lee*
Metabolic and Biomolecular Engineering National Research Laboratory,
Department of Chemical and Biomolecular Engineering
(BK21 PLUS Program), BioProcess Engineering Research Center,
Center for Systems, Republic of Korea
Benzoic acid (BA) is one of the important platform aromatic compounds in
chemical industry. Also, it is widely used as food preservatives in its salt
forms. However, current manufacture of BA is dependent on petrochemical
processes under harsh conditions. Here we report the biosynthesis of BA
from glucose using metabolically engineered Escherichia coli strains
harboring a plant-like β-oxidation pathway or a newly designed synthetic
pathway. Fed-batch fermentations of the final engineered strain harboring
the β-oxidation pathway and the strain harboring the synthetic pathway
resulted in the production of 2.37±0.02 g/L and 181.0±5.8 mg/L of BA from
glucose, respectively; the former being the highest titer reported by
microbial fermentation. The metabolic engineering strategies developed
here will be useful for the production of related aromatics of high industrial
interest.

Keywords: CO2 recycling, xylose fermentation, delta-integration strategy

Keywords: Metabolic engineering, Escherichia coli, benzoic acid

652

Poster Session

As a climate change is getting worse by global warming, more than 110
countries and international organizations have declared to reduce carbon
dioxide (CO2) emission. Bioprocess is expected to decrease CO2 emission by
reducing use of fossil fuel. Recently, yeast is widely used in bioprocesses.
However, CO2 emission is unavoidable during yeast fermentation. Therefore
strategies for reducing CO2 during yeast fermentation are necessary. The
purpose of this study is to develop a CO2 fixation Saccharomyces cerevisiae
strain for carbon neutrality in bioprocess. First, we constructed xylose
utilizing pathway to produce precursor of fixation pathway in S. cerevisiae.
Then, Ribulose-1,5-bisphosphate carboxylase-oxygenase (RuBisCO) and fixation
pathway related genes were introduced by CRISPR/Cas9 genome editing
technology. To increase the efficiency of the CO2 fixation, RuBisCO and
related genes were overexpressed. The increase of RuBisCO copy number in
the final strain SJ03 was confirmed by RT-qPCR, and SJ03 showed the
highest RuBisCO enzyme activity. Moreover, ethanol yield was improved by
CO2 fixation during fermentation. These results can suggest that the
overexpression of CO2 fixation pathway in S. cerevisiae could be a strategy to
reduce CO2 emission in bioprocess.
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CRISPR/Cas9-Coupled Recombineering Tool for
Metabolic Engineering of Corynebacterium glutamicum

Synthetic Biology of Pichia pastoris for Xylose Utilization

Cheon Woo Moon, Jae Sung Cho, Kyeong Rok Choi,
Cindy Pricilia Surya Prabowo, Jae Ho Shin, Dongsoo Yang,
Jaedong Jang, and Sang Yup Lee*

School of Food Science and Biotechnology, Kyungpook National
Universtiy, Daegu 41566, Republic of Korea

Jongbeom Park and Soo Rin Kim*

Pichia pastoris is a strain useful for the production of various substances,
including medical proteins. This strain contains genes related to xylose
metabolism, but is underutilized due to its low expression level. In order to
increase the utilization of xylose, an industrially inexpensive substrate, P.
pastoris, which can metabolize xylose, was constructed using synthetic
biology technology. P. pastoris constitutive promoters with various
intensities were screened, and plasmids were constructed by random
assembly with xyl1/xyl2/xyl3 derived from Pichia stipitis. After
transformation using the electroporation, xylose enrichment of 200 g/L was
performed to select strains with excellent xylose utilization. Single cell
isolation was performed in the enriched flask, a vector with excellent xylose
utilization was selected. As a result of screening the plasmid, it was
confirmed that the combination of randomly assembled gene promoters
was changed in a favorable way for xylose metabolism through enrichment,
and xylose metabolism ability was increased through optimization of
expression of each gene using the constitutive promoter.

Metabolic and Biomolecular Engineering National Research Laboratory,
Department of Chemical and Biomolecular Engineering
(BK21 PLUS Program), BioProcess Engineering Research Center,
BioInformatics, Republic of Korea
Genome engineering of Corynebacterium glutamicum, an important
industrial microorganism for amino acids production, relies heavily on
random mutagenesis and inefficient double crossover events. Here, we
report a rapid genome engineering strategy to scarlessly knock out one or
more genes in C. glutamicum in sequential and iterative manner.
Recombinase RecT is used for incorporating synthetic single-stranded
oligodeoxyribonucleotides into the genome and CRISPR/Cas9 to counterselect negative mutants. We completed the system by engineering the
respective plasmids harboring CRISPR/Cas9 and RecT for efficient curing
such that multiple gene targets can be done iteratively and final strains will
be free of plasmids. To demonstrate the system, seven different mutants
were constructed within two weeks to study the combinatorial deletion
effects of three different genes on the production of γ-aminobutyric acid, a
chemical of much interest in industry. This genome engineering strategy
will facilitate metabolic engineering of C. glutamicum.

Keywords: Pichia pastoris, xylose utilization, synthetic biology
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Systems Metabolic Engineering of Escherichia coli and
Corynebacterium glutamicum to Produce a Grape Flavor
Compound, Methyl Anthranilate (MANT)

[This work was supported by the Technology Development Program to Solve
Climate Changes on Systems Metabolic Engineering for Biorefineries from
the Ministry of Science and ICT through the National Research Foundation
of Korea (NRF-2012M1A2A2026556 and NRF-2012M1A2A2026557).]
[This work was further supported by Hanwha Chemical through KAISTHanwha Chemical Future Technology Institute.]
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Methyl anthranilate (MANT) is a widely used compound in flavoring foods
and drugs with its grape scent and flavor, however is currently produced by
petroleum-based processes. Here, we report the direct fermentative
production of MANT from glucose by metabolically engineered Escherichia
coli and Corynebacterium glutamicum strains harboring a plant-derived
metabolic pathway. Optimizing the key enzyme anthranilic acid (ANT)
methyltransferase1 (AAMT1) expression, increasing the direct precursor
ANT supply, and enhancing the intracellular availability and salvage of the
cofactor S-adenosyl-L-methionine required by AAMT1, improve MANT
production in both engineered strains. Moreover, in situ two-phase
extractive fermentation using tributyrin as an extractant is developed in
order to overcome MANT toxicity. Fed-batch cultures of the final engineered
E. coli and C. glutamicum strains in two-phase cultivation led to the
production of 4.47 and 5.74 g/L MANT, respectively, in minimal media
containing glucose. The metabolic engineering strategies developed here
will be useful for the production of volatile aromatic esters.
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Development of Antimicrobial Peptide CecropinA Fused
Endolysin ST01 (CecA::ST01) for the Treatment of
Multi-Drug Resistant Gram-Negative Pathogens

Optimization of Multiple Therapeutic Peptides Delivery
through Synthetic Secretion System of Bacteria

Jeonghyun Lim, Heejoon Myung, and Miryoung Song*

Department of Bioscience and Biotechnology, Hankuk University of
Foreign Studies, Yongin 17035, Republic of Korea

Juyeon Hong, Jongho Kim, and Miryoung Song*

Department of Bioscience and Biotechnology, Hankuk University of
Foreign Studies, Republic of Korea
Emergence of multi-drug resistant pathogenic bacteria is growing threat to
public health. Endolysins derived from bacteriophages are regarded as
promising alternative antibiotics against multi-drug resistant bacteria. In
this study, we isolated and characterized novel Salmonella Typhimurium
phage PBST08. Bioinformatic analysis of PBST08 genome revealed putative
endolysin, ST01, which is predicted as a lysozyme like enzyme. Peptidoglycan
degrading activity of ST01 was tested using plate lysis assay with Salmonella.
The antibacterial activity of ST01 was determined by CFU reduction assay
using various gram-negative pathogen including A. baumannii. However,
enzymatical efficacy of ST01 was marginal, probably due to outer membrane
of gram-negative bacteria. To overcome the barrier, we constructed the
engineered ST01, which was fused to antimicrobial peptide cecropinA
(CecA) at the N-terminus of ST01, where the accessibility of endolysin to
peptidoglycan was aided by CecA with the ability to disrupt outer
membrane. Indeed, bactericidal activity of CecA::ST01 was increased when
it was applied to gram-negative pathogens and most dramatic killing was
observed from A. baumannii ATCC 17978 treated with 0.25 μM CecA::ST01.
Moverover, multi-drug resistant clinical isolate CCARM 12026 were
completely killed with treatment of 0.5 μM of CecA::ST01. Further, the
treatment with CecA::ST01 could rescue up to 60% of the infected larvae of
Galleria mellonella with A. baumannii regardless of antibiotics resistance.
Finally, antibacterial spectrum of CecA::ST01 was determined by the
measurement of minimal inhibitory concentrations (MICs) using 31 gramnegative pathogen including MDR strains, which was ranging from 4 to 64
ug/ml. All together, we developed the engineered endolysin ST01 with AMP
as an alternative antibiotics, which can be used for the treatment of various
infectious diseases by gram-negative pathogens even with multi-drug
resistance.

Bacteria cancer therapy can be a promising alternative approach to
conventional treatment, where tumor-targeting characteristic of bacteria
overcomes limitations of poor bioavailability and non-specific targeting of
drugs. Attenuated Salmonella Typhimurium which serves as a drug delivery
vehicle enables site-specific delivery of anticancer proteins and
immunomodulators to tumor microenvironment. In previous study,
anticancer molecule was delivered through the engineered secretion system
named synthetic type 3 secretion system (synT3SS), which was derived from
S. Typhimurium designated for the secretion of certain set of effector
proteins to survive within host. Here, we mined secretion tags for the
secretion of multiple peptides through synT3SS to improve therapeutic
efficacy on tumor cells. First, secretion of effectors through synT3SS were
confirmed by western blot analysis from culture supernatant of bacteria
containing plasmids encoding synT3SS and each effector. Six effectors:
SopB, SptP, SopA, SipA, SopE2 and SopD were selected, since they are
known to be secreted through native SPI1-encoded T3SS. Based on
secretion titer, signal sequences of SptP or SopB was chosen for the secretion
of anticancer peptide, Noxa or immunomodulator, Granulocytemacrophage colony-stimulating factor (GM-CSF), respectively. Next,
coding sequences of Noxa or GM-CSF were placed downstream of signal
sequences on the plasmid with constitutive promoter control for the
expression. The secretion of the recombinant peptides was verified from the
culture supernatant of bacteria containing synT3SS and the plasmid
encoding the recombinant therapeutics upon the induction of synT3SS.
Finally, new plasmid will be constructed for the most efficient delivery of
both recombinant therapeutic peptides encoded on one plasmid and tested
for in vitro and in vivo efficacy. Our work will aid the delivery of multiple
therapeutic proteins with different effects, thereby maximizing therapeutic
effects on cancer.

Keywords: Endolysin, antimicrobial peptide, multiple drug-resistant bacteria
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Metabolic and Biomolecular Engineering National Research Laboratory,
Department of Chemical and Biomolecular Engineering (BK21 Program),
KAIST, Daejeon 34141, Republic of Korea
Natural products have been gained much attention around the world
because of indispensable and diverse applications for our daily life, such as
pharmaceuticals, food additives, nutraceuticals, and cosmetic ingredients.
Plants have been a major source of many valuable natural products.
However, their successful extraction is rather limited since plants are
sensitive with weather and environmental conditions. Under this
circumstance, an alternative means of biosynthesizing diverse natural
products using Escherichia coli has emerged because of the development of
various metabolic engineering strategies and high cell density culture
strategies. Here, we reviewed novel metabolic engineering tools for the
natural compounds overproduction in E. coli. Future perspectives on the
biosynthesis of complex natural products through the development of
robust microbial-cell are also proposed.
Keywords: Escherichia coli, natural compounds, metabolic engineering
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Malonyl-CoA Biosensor Development as Metabolic
Engineering Tool for Various Microorganisms

Bio-Based Production of Zinc Protoporphyrin IX Using
Recombinant Escherichia coli

Hengrui Zhou1,2, Dongsoo Yang1,2, Won Jun Kim1,2, Seung Min Yoo1,2,
Jong Hyun Choi3, Shin Hee Ha1,2, Mun Hee Lee1,2, and Sang Yup Lee1,2,4*
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Engineering and Systems Healthcare Cross-Generation Collaborative
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Research Institute of Bioscience and Biotechnology (KRIBB),
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Republic of Korea

Zinc protoporphyrin IX (ZnPPIX) has been spotlighted as a promising red
colorant for food production as well as an anti-cancer drug. Bio-based
production of ZnPPIX, however, has not been reported yet. Here, we
repurpose the metabolically engineered E. coli HAEM7 strain, which was
originally developed for heme production, into a ZnPPIX producer by
optimizing fermentation conditions. To facilitate the production of ZnPPIX
and repress the production of heme by the HAEM7 strain, the concentrations
of iron and zinc in the culture medium were rebalanced, and the
concentration of zinc in the feeding solution was optimized. In addition,
conditions and strategies of pH control, induction, and the increasing the
cell density, which were optimized for high-level production of heme, were
applied together to further improve ZnPPIX production. In the resulting
fermentation process, the HAEM7 strain produced 2 g/L of ZnPPIX. The
fermentation strategies developed and examined in this study will accelerate
the establishment of industry-level production of ZnPPIX.

Here we repurposed RppA, which is a type III polyketide synthase and is
capable to produce red-colored flaviolin as a malonyl-CoA biosensor
applicable in three industrially important bacteria. Strains with enhanced
malonyl-CoA pools were distinguished by the colorimetric screening of
cells showing increased red fluorescence. Total 1,858 synthetic small
regulatory RNA library was constructed for screening, thus discovering 14
knockdown gene targets that generally enhanced malonyl-CoA level in E.
coli. Knocking down these genes allowed the engineered strains to produce
enhanced production of two polyketide (6-methylsalicylic acid and aloesone)
and two phenylpropanoid (resveratrol and naringenin) compounds.
Keywords: Biosensor, metabolic engineering, malonyl-CoA

Keywords: Zinc protoporphyrin IX, Escherichia coli, fermentation
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Agriculture Science and Technology Development (Project No.
PJ01577901)” from Rural Development Administration, Republic of Korea.]
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Heme has recently been spotlighted as a high-value compound due to its
wide applications in healthcare and food industries. Metabolic engineering
of microorganisms for heme production, including Escherichia coli HAEM7
strain that we developed in a previous study, have been recently reported, yet
their titer and productivity could not satisfy the standards for applications in
industries. Here we report optimization of a fermentation process for the
HAEM7 strain to improve the heme production. First, we examined
different carbon sources, iron concentration in the medium, pH control
strategies, induction points, and iron contents in feeding solution to screen
optimal conditions and enhance the production of heme. Next, we
developed multiple strategies of increasing the cell density, supplementing
iron, and supplying excess feeding solution. In the resulting fermentation
process with the optimized conditions, the HAEM7 strain produced 1.0 g/L
heme in 48 h. The fermentation strategies and processes established in this
study will contribute to accelerating industry-level production of heme.
Keywords: Heme, Escherichia coli, fermentation
[This work was supported by the “Cooperative Research Program for
Agriculture Science and Technology Development (Project No.
PJ01577901)” from Rural Development Administration, Republic of Korea.]
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Biocaralytic Valorization of Carbon Dioxide for Preparing
Calcium Carbonate as a Construction Material

Biological Conversion of PET Wastes to Aromatic
Chemicals by Using Whole-Cell Catalysts

YunHoi Choi1, Jae Neung Lee2, Yong Kwan Park2, Seongsu Na1, and
Young Joo Yeon1*
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Seoul 02841, Republic of Korea,
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University, Gangneung 25457, Republic of Korea,
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PET is an irreplaceable material in various industries because of its unique
properties. Although post-consumed PET has been collected for recycling,
actual recycling rate remains less than 30% in the US. This low rate is due to
the fact that the recycled products are not profitable. In this study, we
demonstrated a biological valorization process which can produce valueadded chemicals from PET waste. First, PET was depolymerized into
terephthalic acid (TPA) and ethylene glycol by chemical hydrolysis. Next,
TPA was biologically converted into value-added chemicals by using wholecell biocatalysts comprising Escherichia coli engineered to express enzymes
for single or combined reactions of hydroxylation, decarboxylation,
oxidative ring cleavage, and methylation. As a results, five different valueadded chemicals, gallic acid, pyrogallol, catechol, muconic acid, and vanillic
acid, were produced from TPA via protocatechuic acid (PCA) as a key
intermediate at relatively high molar conversion yields, 32.7 − 92.5%. These
demonstrated high-value products are currently used to manufacture
pharmaceuticals, animal feeds, cosmetics, flavours, and bioplastic
monomers suggesting the potential of economically feasible PET-waste
upcycling.

Climate changes with the demand of reducing carbon dioxide emission
require the industry to be more sustainable in its process. Construction
industry is one of the main contributors to global warming, which has led to
the development of carbon capture and utilization technology. In this study,
a bio-based approach, including a biocatalyst that catalyze the conversion of
carbon dioxide to bicarbonate by reacting with water, has been used to make
calcium carbonate, a major component of the construction materials such as
cement and concrete. An Escherichia coli based expression system was set
up to produce the biocatalyst, carbonic anhydrase, and the carbon dioxide
conversion was carried out with a gas supplying vertical bubble column
reactor designed for buffer-based aqueous system. The formation of calcium
carbonate has been investigated by addition of calcium ions to the system
after finishing the biocatalytic reaction, which provide an opportunity for
developing a bio-based carbon capture and utilization system to prepare the
construction material from carbon dioxide.
Keywords: Carbonic anhydrase, carbon dioxide, construction materials
[This work was supported by the Green Venture Program (S3104982)
funded by the Ministry of SMEs and Startups (MSS, Korea)]

Keywords: Poly (ethylene terephthalate), biological valorization, terephthalic
acid
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One-Pot Production of 3-Hydroxypropanal from Methanol
and Ethanol Using Biocatalysts

Green Hydrogen Production by Microbial
Photoelectrolysis Cells (MPEC) and Hydrogenase
Electrode

Min-Ju Seo1 and Soo-Jin Yeom1,2*

Hwapyong Kim and Su-Il In*

1

School of Biological Sciences and Technology, Chonnam National
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Department of Energy Science and Engineerin, DGIST, Daegu 42988,
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A microbial electrolysis cell (MEC) consumes the chemical energy of
organic material producing, in turn, hydrogen. This study presents a new
hybrid MEC design with improved performance. An external TiO2
nanotube (TNT) array photoanode, fabricated by anodization of Ti foil,
supplies photogenerated electrons to the MEC electrical circuit, significantly
improving overall performance. The photogenerated electrons help to
reduce electron depletion of the bioanode, and improve the proton reduction
reaction at the cathode. Under simulated AM 1.5 illumination (100 mW
cm−2) the 28 mL hybrid MEC exhibits a H2 evolution rate of 1434.268±114.174
mmol m−3 h−1, a current density of 0.371±0.000 mA cm−2 and power density
of 1415.311±23.937 mW m−2, that are respectively 30.76%, 34.4%, and
26.0% higher than a MEC under dark condition. For fully biosystem for
producing green hydrogen, we extracted [NiFe]-hydrogenases from E. coli
and immobilized them on the TiO2 nanotube electrode prepared by pyrrolbased electropolymerization for application in aerobic conditions. As a
result, we can confirm that [NiFe]-hydrogenases coated TiO2 nanotube
electrode demonstrates the increased hydrogen evolution reaction activity at
the aerobic condition than control samples on in-vitro activity test using
methylene viologen and linear sweep voltammetry.

One- or two-carbon (C1 or C2) chemicals are attractive substrates, which
have been utilized for biotechnological production of value-added products
such as 3-hydroxypropanal (3-HPA), 3-hydroxypropionic acid (3-HA) and
1,3-propanediol (3-PDO) that are used as starting materials to produce
biocompatible plastic and polytrimethylene terephthalate. Methanolderived formaldehyde (C1) and ethanol-derived acetaldehyde (C2) can be
converted to 3-HPA (C3) via aldol condensation, which can also be utilized
as the substrate for the synthesis of 3-HA and 3-PDO. In this study, we
optimized the reaction conditions for 3-HPA production from formaldehyde
and acetaldehyde using deoxyribose-5-phosphate aldolase from Thermotoga
maritima (DERATma), which showed the maximal activity at pH 7.0 and
40℃. Under these optimized conditions, DERATma produced 7 mM 3-HPA
from 25 mM substrate (formaldehyde and acetaldehyde) for 1 h with a
productivity of 520 mg/L/h. To investigate the one-pot production of 3-HPA
from inexpensive alcohol substrates (methanol and ethanol), we adopted
methanol dehydrogenase from Lysinibacillus xylanilyticus (MDHLx), which
converts methanol and ethanol to formaldehyde and acetaldehyde,
respectively. One-pot production of 3-HPA from alcohol-derived
compounds (formaldehyde and acetaldehyde) by cascade reaction using
MDHLx and DERATma was performed under optimized reaction conditions.
To best of our knowledge, this is the first report on 3-HPA production from
inexpensive alcohol substrates (methanol and ethanol).

Keywords: Microbial Fuel Cells (MFCs), hydrogenase, green Hydrogen

Keywords: Deoxyribose-5-phosphate aldolase, methanol dehydrogenase,
cascade enzymatic bioconversion
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Upcycling PET through Chemo-Bio System with
a Biocompatible Catalyst Betaine
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02841, Republic of Korea, 2Department of Marine Food Science and
Technology, Graduate School, Gangneung-Wonju National University,
Gangneung 25457, Republic of Korea

Process Development for Production of δ-Endotoxin in
the Submerged Culture of Bacillus thuringiensis
Han Suk Choi, Ho Myeoung Kim, Seul-Gi Jeoung, and
Hae Woong Park*

Bacillus thuringiensis is a Gram-positive and spore-former bacterium. It
produces parasporal proteins, which is known as δ-endotoxin, during
sporulation and stationary growth. In this study, fermentation conditions
for δ-endotoxin were optimized in the submerged culture of B. thuringiensis.
The carbon and nitrogen source, as critical factors, were selected for media
composition to obtain a high yield of vegetative cells. Glucose and soybean
meal were best for the production of both vegetative cells and endospores.
Sporulation rate depended on initial carbon concentration. Low yield of
endotoxin resulted from the high carbon concentration in the media. In
batch fermentation, the increase of endospore production resulted in the
increment of δ-endotoxin concentration. In addition, increasing agitation
speed improved endospore productivity. The highest yield of δ-endotoxin
was observed at 500 rxg, followed by 400 rpm and 300 rpm, indicating that
there was a positive correlation between the oxygen transfer rate and
endospore production.

Keywords: PET recycling, betaine, bioconversion

Keywords: Bacillus thuringiensis, δ-endotoxin, oxygen transfer rate
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Poly (ethylene) terephthalate (PET), which has been widely used in numerous
industries causes global environmental problems due to its low degradability
and recycling rate. Conventional recycling strategies for PET rely on
downcycling that converts PET to lower-value products than PET, which is
economically infeasible. By mimicking the lignocellulose biorefinery, we
have developed the integrated process of depolymerizing PET and
converting PET monomers to higher-value products in one-pot. First,
through the glycolysis process using betaine as a biocompatible catalyst, PET
depolymerized into a slurry containing 368 g/L of BHET and 32.8 g/L of
MHET was obtained. Next, through the enzymatic hydrolysis process, the
slurry was further depolymerized to terephthalate (TPA, 31.0 g/L, 62.8%,
mol/mol) and ethylene glycol (EG, 11.7 g/L, 63.3%, mol/mol). Finally,
through bioconversion of TPA and EG present in the PET hydrolysate to
protocatechuic acid (PCA) and glycolic acid (GLA), respectively. This onepot chemo-bioprocess integrating chemical glycolysis, enzymatic hydrolysis,
and bioconversion for PET depolymerization and recycling were suggested
to be highly applicable to the upcycling of waste PET.

Eco-Friendly Process Technology Research Group, Technology Innovation
Research Division, World Institute of Kimchi, Gwangju 61755,
Republic of Korea
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A Mathematical Modeling and Statistical Analysis of the
Effect of Phycobiliprotein Aggregate on Fluorescence
Variation

Xylose Production from Peanut Shell Residues by Acid
Hydrolysis

Jinha Hwang1 and Alyssa H. Shin2

Seunghee Kim1, Jeongho Lee1, Hyerim Son1, Kang Hyun Lee1,
Youngsang Chun2, and Hah Young Yoo1*
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Department of Biotechnology, Sangmyung University, 20,
Hongjimun 2-Gil, Jongno-Gu, Seoul 03016, Republic of Korea,
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Department of Bio-Convergence Engineering, Dongyang Mirae
University, 445-8, Gyeongin-Ro, Gu-ro-Gu, Seoul 02841,
Republic of Korea

The photosynthetic phycobiliprotein complex from Spirulina maxima was
purified and fractioned by gel chromatography. Mathematical model was
made for the fractionated phycobiliprotein complexes in view of fluorescence
decay rate under exposure to excitation light. UV absorbance and
fluorescence confirmed that each fractionated complex had different ratio of
phycobiliproteins, like allophycocyanin, phycocyanin, phycoerythrin.
Relative fluorescence was identified to be an effective variable for modeling
the fluorescence kinetics. The fluorescence of phycobiliprotein complex is
linearly dependent on its mass, and mathematical modeling has proved the
fluorescence decay follows first order of reaction with each different reaction
rate constant, irrespective of its size.

In our previous study, luteolin was extracted from peanut shells. Peanut shell
residues (PSR) generated after luteolin extraction contains 13.6% xylan,
which has the potential to be utilized as a carbon source for fermentation.
The aim of this study is to investigate the effect of variables such as
temperature, reaction time, and H2SO4 concentration on acid hydrolysis for
xylose recovery from PSR. The determined acid hydrolysis conditions for
xylose recovery to utilize as fermentable sugar were as follows: temperature
of 121℃, reaction time of 45 min, and H2SO4 concentration of 4% (w/w).
Under these conditions, the recovered xylose content was 11.8 g/L, which is
about 87% of the theoretical maximum xylose recovery. The recovered
xylose is expected to be used for microbial fermentation and converted into
various value-added materials.

Keywords: Mathematical modeling, of phycobiliprotein aggregate, statistical
analysis

Keywords: Peanut shell residue, acid hydrolysis, xylose recovery
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Effect of Hydrochloric Acid Concentration on Acid
Hydrolysis of Corncob for Xylose Recovery

Determination of the Optimum Conditions for Flavonoid
Extraction from Mandarin Peel

Jeongho Lee, Minwoo Kim, Jaemin Jung, Hyerim Son, Seunghee Kim,
Kang Hyun Lee, and Hah Young Yoo*
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Mandarin peel, a food processing residue, has the potential as a source of
flavonoids such as hesperidin and narirutin. Hesperidin and narirutin can
be used in various fields because of their antioxidant, anti-inflammatory,
and anticancer activities. In this study, the optimum reaction conditions
were determined to improve the flavonoid extraction. The effects of various
solvents on flavonoid extraction were investigated. Then, the optimal conditions
were derived by response surface methodology using temperature, time, and
solid-liquid ratio as variables. Methanol was selected as a desirable solvent to
improve flavonoid extraction. The optimum conditions were determined as
follows: temperature of 60℃, time of 100 min, and a solid-liquid ratio of
95.6 g/L. Under the optimum conditions, the maximum flavonoid yield was
found to be 34.9 mg/g-biomass of hesperidin and 14.8 mg/g-biomass of
narirutin, respectively. Hesperidin and narirutin obtained from mandarin
peel are expected to be used as a variety of industries after the purified
process.

Keywords: Corncob, dilute acid hydrolysis, xylose recovery

Keywords: Mandarin peel, flavonoid extraction, optimization

658

Poster Session

Corncob, which contains cellulose and hemicellulose, is a promising
resource for biorefinery. In this study, dilute acid hydrolysis was carried out
for efficient xylose recovery from corncob using hydrochloric acid (HCl). In
the fundamental experiments, the xylan content of raw corncob was
determined to be 43.5%. To investigate the effect of HCl concentrations
(1–5%, w/w) on xylose recovery from corncob, biomass was hydrolyzed
using each solution under the following conditions: temperature of 121℃,
reaction time of 30 min, and biomass loading of 100 g/L. The range of xylose
recovery by acid hydrolysis with 1-5% HCl solution was found to be 36.056.1% of the theoretical maximum conversion. The highest xylose recovery
was determined to be 56.1% with 1% HCl. Finally, xylose recovered from
corncob will be applied to the fermentation process in near future.
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Development of a Sustainable Lutein Extraction Process
from Dunaliella tertiolecta

Production of Poly (3-Hydroxybutyrate-Co-3Hydroxyvalerate) by Methylocystis sp. MJC1 from
Methane and Valerate as Carbon Source
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Polyhydroxyalkanoate (PHA) is emerging as one of the solutions to waste
plastic pollution. PHA biosynthesized by microorganisms, especially
bacteria, it is important to reduce the high production cost. One way to
reduce the high cost of production is to use a cheap carbon source or waste
as substrates. In this study, we tried to produce poly (3-hydroxybutyrateco-3-hydroxyvalerate) [P(3HB-co-3HV), PHBV copolymer], a type of
PHA from methane and valerate, a cheap substrate, by methanotroph,
Methylocystis sp. MJC1. The gas fermentation conditions were optimized to
improve the yield of PHBV copolymer by Methylocystis sp. MJC1 in a
bioreactor. The pH, feeding time and concentration of valerate were a
crucial factor that significantly affected biomass yields, PHBV copolymer
contents and 3HV molar fractions. PHBV copolymer production from
methane and valerate under optimal conditions showed accumulation of
26.7 g CDW/L biomass containing 13.4 g/L copolymer with a maximum of
3HV content of 10 mol%.

Dunaliella tertiolecta is a sustainable feedstock for carotenoid production
with bioactive and health-promoting properties. In this study, we proposed
the optimum extraction conditions for lutein recovery from D. tertiolecta.
Ethanol was selected as a desirable extraction solvent, and the optimum
extraction conditions derived by response surface methodology (RSM) were
as follows: temperature of 25.0℃; reaction time of 5.0 h; solid loading of
93.3 g/L. Under the optimum conditions, lutein recovery was determined to
be 83.0 mg/g-biomass. Our study is expected to be helpful for sustainable
development because it realizes carbon capture and utilization (CCU) by
utilizing microalgae that captures CO2 in the atmosphere.
Keywords: Dunaliella tertiolecta, lutein, carbon capture and utilization
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Biocatalytic Conversion of Syringyl Subunit for Lignin
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Development of a Cost-Effective Medium for Syngas
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The fermentation process technology using syngas is a process that produces
useful high value-added products by providing the gasses emitted from
various wastes to microorganisms as feed. Synthesis gas (syngas) is a fuel gas
mixture that mainly includes CO, CO2, and H2. The biofuels and chemicals
can be produced from Syngas by various microorganisms. Acetogens can
produce biofuels and chemicals through the Wood-Ljungdahl pathway
using CO as the sole carbon and energy source. However, we must overcome
several boundaries to bring the syngas fermentation process into commercial
production. The cost-effective process operation, which means producing
valuable products and high production or low operating costs, is needed for
commercialization. In this study, we propose a way to reduce operating costs
mostly related to the medium. The growth medium used in fermentation is
a significant source that increases the operation cost. Therefore, investing in
the industrial medium for low-cost operation is one of the significant
researches in process development. Here, we proposed two cases: (1)
Replace fermentation medium component with dehydrated filtrate from a
sewage treatment plant. (2) Reuse of fermentation broth simultaneously to
purify the medium. These medium cases will make cost-effective process
operation possible by reusing and replacing the medium component.

Keywords: Syringaldehyde, syringic acid, carboxylic acid reductase
[This work was partly supported by the Green Venture Program of MSS
[S3104982] and the Basic Science Research Program through the National
Reserch Foundation of Korea (NRF) funded by the Ministry of Education
(2021R1I1A3060595)]
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Lignocellulose can replace conventional petroleum-based refinery as a part
of carbon zero cycle. Syringic acid, a redox intermediate derived from the
oxidative degradation of lignin, can be converted to syringaldehyde which
has antioxidant, anticarcinogenic and antibiotic characteristics. Production
of syringaldehyde so far has depended on several steps of chemical reactions
using toxic reagents. Herein, a biological process has been developed to
replace the chemical process in an environmentally friendly manner, by
utilizing Escherichia coli whole cell transformed with fourteen microbial
carboxylic acid reductase (CAR) genes for overexpression. The transformed
cells were subjected to screening and the reaction conditions such as pH,
substrate concentration were optimized for syringaldehyde synthesis up to
90% yield.

