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Poly-γ-Glutamic acid of Various Halotolerant Bacillus spp.:
Production and Characterization

Biological Activities of Rosa rugosa radix Fermented by Lactic
Acid Bacteria

Sang-Joon Park, Mi Sun Kwak, Moon-Hee Sung
The Department of Bio and Fermentation Convergence Technology, BK21
PLUS project, Kookmin University, Seoul 02707, Republic of Korea

Ki Hyun Kim, Kyoungmi Yoon*, Kiu-Hyung Cho*
Department of Research Project, Gyeongbuk institute for Bio industry, 5
saneopdanji-2gil, Pungsan-eup, Andong 36618, Republic of Korea

Poly-γ–glutamic acid (γ-PGA) is a major component of the sticky thread
found in Korean traditional food, Chungkookjang, which is an edible
biodegradable microbial amino acid biopolymer of glutamic acid that
has an anionic polypeptide. Although all Bacillus species produce γ
-PGA, we attempted to confirm whether each Bacillus species has
glutamic acid-dependent PGA production. In addition, the γ-PGAs
produced by each Bacillus species have different properties such as
molecular weight. In this study, the salt tolerance of Bacillus species
isolated from Korean fermented foods were examined and the properties
of γ-PGAs from each Bacillus species were compared and analyzed. To
characterize the γ-PGA, Bacillus species, including Bacillus
amyloliquefaciens KMUS1, Bacillus polyfermenticus KMU01,
Bacillus amyloliquefaciens C5, Bacillus subtilis C37, Bacillus
amyloliquefaciens K5L2, Bacillus amyloliquefaciens DSM7, and
Bacillus subtilis 168, were used. All Bacillus species isolated from salty
Korean fermented foods, such as kimchi, were classified as halotolerant
bacteria because the strain could grow in media containing a wide range
of NaCl concentrations (0.5–15% NaCl). The production of γ-PGA was
carried out using γ-PGA production medium, as in the literature. The
molecular weight, D/L ratio, zeta potential, viscosity, and polydispersity
were analyzed to confirm the characteristics of each γ-PGA.
Keyword: Poly-γ-glutamic acid, Production and characterization,
Halotolerant Bacillus species.

Rosa rugosa Thunb. Is a deciduous shrub belonging to the Rosaceae and
is called a flower bud. From April to May, flowering peaks before
flowering are collected and used for treatment of menstrual
irregularities, stomach pain and diarrhea. Roots are used for treatment
and prevention of diabetes in the private sector. The purpose of this study
was to investigate the effects of lactic acid bacteria, which have been
shown to enhance intrinsic health in humans, on the antioxidant activity,
antidiabetic activity and anti - inflammatory activity, And to utilize it
as a basic result of biomaterial development in the future.
Keyword : Rosa rugosa, Fermentation, Lactic Acid Bacteria
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Antiproliferative Activity of Indole-3-Carbinol in Human Gastric
Cancer Cells
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Use of Green Extraction Techniques for the Recovery of Bioactive
Compounds from Aspilia sp. Plant and Their in vitro Cytotoxicity
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Indole-3-carbinol (I3C; C9H9NO) is a plant derived phytochemical
which produced by the breakdown of the glucosinolate glucobrassicin,
which is present in vegetable of Brassicaceae. I3C derivatives limit the
growth and facilitate cell death in different cell system and different types
of gastric cancer lines i.e. AGS, MKN-28, MKN-74, MKN-45,
SNU-601. We investigated first time anticancer activity of I3C on above
gastric cancer cells. All types of Gastric Cancer cells were cultured in
RPMI 1640 medium in time and dose dependent manner by different
concentration in µg/ml. Inhibition of cell proliferation was assessed by
trypan blue staining technique and MTT Assay. For further analysis
western blotting, FACS and PCR will conduct to investigate the pathway
and expression of genes which involved in the action of I3C. This theme
will be developed to further finding on novel chemo preventive agents
and anticancer activity against different types of cancer cells, which is
under process. There is a significant difference in cell viability when
various concentration of I3C were used for time dependent manner.
According to these finding, I3C triggered apoptosis in different gastric
cancer cell lines. And also expecting the result according to previously
find.
Keyword : Indole-3-carbinol, Gastric cancer, antiproliferation

Aspilia sp. plants are used traditionally as remedies for the treatment of
several ailments such as ulcer, hepatitis and digestive disorders. In this
study we evaluated the effect of green extraction techniques and
conventional techniques on bioactive compounds recovery from Aspilia
sp. plant. Green extraction techniques employing water as an extraction
solvent in the near critical state (Subcritical water (SWE) at different
temperature (SWE140, SWE160, SWE180), and a combination of boiling
and agitation (BA) was compared with conventional solvent extraction
using ethanol (80%, soxhlet). Obtained extracts were analyzed for Total
Phenolic Contents (TPC) and Total Flavonoids Contents (TFC) and
HPLC. Results showed that BA extracts contained the highest
concentration of Gallic acid, TPC and TFC and exhibited the highest
antioxidant and anticancer activities compared to SWE and Ethanol.
DAPI staining showed that BA extracts remarkably induced DNA
breakage and nuclear condensation in treated cancer cells. BA and SWE
showed the best conditions for the recovery of bioactive compounds from
Aspilia sp. plant resulting in the best biological activities as compared
to ethanol extracts. Further analysis will be conducted to investigate
molecular mechanisms of action of Aspilia sp. plant.
Keyword : Aspilia sp., green extraction, cytotoxicity
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Anti-Inflammatory Activity of 6FU Isolated from Angelica
decursiva in RAW 264.7 Cells

Discovery of New Polyketide-Nonribosomal Peptide Hybrid
Metabolites from Gut of a Hymenopteran Insect

Gun-Do Kim1, Min-jae Kang1, Seung Hyun Yoo1, Sang Bo Kim1, Soo-Wan
Nam2*
1
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Joon Soo An, Dong-Chan Oh*
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Inflammation is one of the immune responses, generated by various
cytokines which produced by noxious stimuli and injury. Chronic
inflammation can occur damage in cells and tissues, it may cause various
diseases, such as cancer, diabetes and Parkinson’s disease. Therefore,
prevention of chronic inflammation is important for maintaining
healthy. In this study, we isolated the 6FU from Angelica decursiva,
which used as traditional medicinal herb for asthma and cough. In the
results, we found that 6FU inhibited the NO production, which is marker
of inflammation response, without cytotoxicity in lipopolysaccharidestimulated RAW 264.7 murine macrophage cells. In addition, proteins
related to NO production, such as iNOS and COX-2, were
down-regulated in 6FU-treated cells. Furthermore, the expressions of
crucial pro-inflammatory cytokines, including TNF-α, IL-1β and IL-6,
were suppressed by 6FU at mRNA level. Additionally, the protein
expressions of ERK and NF-κB, which have important role in
inflammation, were decreased in 6FU-treated cells. In conclusion, the
present results showed that 6FU suppressed the inflammation in
LPS-stimulated RAW 264.7 cells through down-regulation of
pro-inflammatory cytokines and proteins.
Keyword : 6FU, inflammation, RAW 264.7

A-6

A-8

Seomae Mugwort Suppresses DMM-Induced Cartilage Destruction
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Osteoarthritis that occurs in the knee joint is a degenerative disease.
Cartilage destruction is one of the osteoarthritic phenomena. The aim
of this study was the effect of the Seomae mugwort, a Korea native variety
of A. argyi, on the osteoarthritic cartilage destruction. First, we confirmed
that Seomae mugwort did not affect cell viability via MTT assay. In
chondrocytes, Seomae mugwort suppressed that IL-1β increased the
expression level of MMP-3 and MMP-13. In cartilage explants,
accumulation of extracellular sulphate proteoglycan that decreased by
stimulation of IL-1β was rescued by Seomae mugwort. Additionally,
we orally administrated Seomae mugwort in destabilization of the
medial meniscus (DMM)-induced osteoarthritic mice and it showed that
the group administrating Artemisia suppressed DMM-induced cartilage
destruction compared to control group. Also, we found that Seomae
mugwort was decreased IL-1β-induced degradation of IκB. Lastly, we
performed HPLC of Seomae mugwort and found that jaceosidin and
eupatilin of natural compounds are the most abundant. Based on these
results, we suggest that Seomae mugwort suppresses cartilage destruction
by decreasing NF-κB signaling pathway and reducing the expression
level of MMP-3 and MMP-13 in the osteoarthritic process. Therefore,
we suggest that Seomae mugwort could be potential therapeutic agent
of osteoarthritis.
Keyword : Oteoarthritis, cartilage destruction, Seomae mugwort
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Insecta is the most diverse class of the Animalia kingdom on the Earth.
Symbiotic bacterial communities in insect guts play important roles for
hosts in various manners and they are now considered as
under-investigated sources for bioactive compounds. We collected the
mud dauber specimens from the mount Gwanak in Seoul and isolated
bacterial strain (Streptomyces sp.) from the gut of the insect.
LC/MS-based chemical profiling resulted in the discovery of new
polyketide-nonribosomal peptide hybrid metabolites. We also
discovered additional new secondary metabolites from the bacterial
strain upon cultivation with supplement of certain types of amino acids.
The planer structures of these new compounds were elucidated mainly
by NMR and MS spectroscopic analysis. The configurations of these
metabolites were determined based on J-based configuration analysis,
ROESY correlations, and DP4 probability calculation followed by
multiple-step chemical reactions including ozonolysis, acid hydrolysis,
and Marfey’s derivatization.
Keyword : Hymenoptera, Streptomyces, polyketide-nonribosomal
peptide hybrid metabolites

Safflower, Carthamus tinctorius L., Ameliorates Osteoarthritis
Development by Suppression of Catabolic Factors
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Osteoarthritis (OA) is a degenerative joint disorder that is primarily
caused by a progressive loss of cartilage matrix. Safflower, Carthamus
tinctorius L., has been used to treat specific physiological functions
against a variety of diseases. However, the effect of Safflower is still
unclear about the biological mechanism associated with the OA
progression. Here, we demonstrated the physiological function of
Safflower on osteoarthritic cartilage destruction. Biochemical and
histological analysis demonstrated that Safflower attenuated induced
MMP3, MMP13 and COX-2 expression by IL-1β in primary cultured
articular chondrocytes. Additionally, dose dependent manner of Safflower
suppressed IκB degradation, representing a critical signal pathway for
osteoarthritic development, in IL-1β treated articular chondrocytes. In
addition, this protective effect of Safflower on damaged cartilage was
confirmed in an osteoarthritic mouse model by DMM surgery. Our data
suggest that Safflower may protection of cartilage destruction by
inhibiting MMP3, MMP13 and COX-2 expression. Taken together,
these effects indicate that safflower strongly merits consideration as a
natural therapeutic agent for protecting against osteoarthritis in future.
Keyword : Safflower, Osteoarthritis, Catabolic factor
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3′‐Sialyllactose has specific physiological functions in a variety of
tissues; however, its effects on osteoarthritic development remain
unknown. Here, we demonstrated the function of 3′‐sialyllactose on
osteoarthritic cartilage destruction. In vitro analysis demonstrated that
3′‐sialyllactose was sufficient to restore the synthesis of Col2a1 and
accumulation of sulfate proteoglycan and blocked the expression of
Mmp3, Mmp13 and Cox2. Further, reporter gene assays revealed that
the activity of Sox9 as a transcription factor for Col2a1 expression was
accelerated by 3′‐sialyllactose, whereas the direct binding of NF‐κB to
the Mmp3, Mmp13 and Cox2 promoters was reduced by 3′‐sialyllactose
in IL‐1β‐treated chondrocytes. In vivo, 3′‐sialyllactose protected against
osteoarthritic cartilage destruction in an osteoarthritis mouse model
induced by destabilization of the medial meniscus. Our results strongly
suggest that 3′‐sialyllactose may ameliorate osteoarthritic cartilage
destruction by cartilage regeneration via promoting Col2a1 production
and may inhibit cartilage degradation and inflammation by suppressing
Mmp3, Mmp13 and Cox2 expression. The effects of 3′‐sialyllactose
could be attributed in part to its regulation of Sox9 or NF‐κB and
inhibition of Erk phosphorylation and IκB degradation. Taken together,
these effects indicate that 3′‐sialyllactose merits consideration as a
natural therapeutic agent for protecting against osteoarthritis.
Keyword : 3′‐Sialyllactose, Osteoarthritis, cartilage homeostasis
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Anti-Inflammatory Effects of Naltrexone on mRNA Sequencing
and Expression of Pro-Inflammatory Cytokines in RAW 264.7
Macrophages
Hong-ki Kim, Young-Ran Seo, Seung-il Jo, Hye-Min Won, Man-Deuk Han*
Department of Life Science and Biotechnology, Soonchunhyang University,
Asan, Chungnam 31538, Republic of Korea

Naltrexone (NTX) is competitive antagonists at the μ-opioid receptor.
It's action in the management of opioid dependence it reversibly blocks
or attenuates the effects of opioid. Pro-inflammatory cytokine in
macrophage is significantly reduced in animals and patients under opioid
treatment. NTX has an antagonist effect on non-opioid receptors
(Toll-like receptor 4) that are found on macrophages. It is via the
non-opioid antagonist pathway that NTX is thought to exert its
anti-inflammatory effects. This study evaluated the anti-inflammatory
effects of RAW 264.7 via NO production and inflammatory cytokines
in vitro. Also, we are confirmed by analysis of genome-wide gene
expression using RNA-seq to characterize transcriptomes from RAW
264.7 exposed to NTX. NTX reduced NO production and inflammatory
cytokine secretion. In the results of inflammatory gene analysis using
mRNA sequencing, 22 of inflammatory related-genes were up-regulated
in the LPS-stimulated cells compared to the control cell group. But, The
inflammation related genes were suppressed in NTX plus LPS-treated
cell group.
Keyword : Naltrexone, RAW 264.7 cell, Inflammation
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Resveratrol (Rsv) and Oxyresveratrol (OxyR) are naturally polyphenolic
compounds belonging to the Stilbenoids family. Their biological
functions investigated anti-inflammatory activities. Rsv and OxyR may
acts and inhibits the expression of inflammatory proteins. In this study,
we investigated the effects of Rsv & OxyR and on the lipopolysaccharide
(LPS)-induced production of inflammatory cytokines and mediators and
further explored the mechanism of NLRP3 inflammasome activation in
RAW 264.7 murine macrophage cell line. Rsv and OxyR inhibited the
productions of NO, IL-1β, and IL-18 significantly in LPS-stimulated
RAW 264.7 cells. The NLRP3 inﬂammasome is a caspase-1-containing
multi-protein complex that controls there lease of IL-1b and plays
important roles in the development of inﬂammatory disease. The
activation of NLRP3 inflammasome by Rsv and OxyR was attenuated
and inhibited the cleaved-caspase-1 secretion in LPS plus ATPstimulated RAW 264.7 cells. Also, the inhibition of cleaved-caspase-1
secretion inhibited the secretion of IL-1β and IL-18. These results
indicate that RSV and OxyR inhibits LPS-stimulated inflammatory
responses though the blocking of NLRP3 inflammasome signaling
pathway in macrophages, and suggest that Rsv and OxyR possesses
anti-inflammatory effects.
Keyword : Resveratrol, RAW 264.7 cell, NLRP3 inflammasome
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Until now, the basic bioactive screening method has been more common
than the automated system. However, they are not able to handle the
processing speed due to the increase in biological resources, and to
overcome this, the development of automated HTS systems is required.
In this study, we were carried out for the identification and provision of
the basic biological activity of various foreign plant resource extracts
in the four major overseas regions. First of all, four types of HTS protocols
(anti-viral, whitening, anti-diabetic and antioxidant activity screening)
were developed for the basic biological activity of plant extract. Through
the established HTS protocol, various basic biological activity was
evaluated. As a result, basic biological activity verification of 2,910 plant
extracts from the four major overseas regions (China, Latin America,
Southeast Asia, and Indochina regions) were obtained. Finally, ten
samples with high antioxidant capabilities, five types of whitening active
samples, 82 kinds of anti-dengue virus active samples and four kinds of
excellent anti-diabetes active samples were identified.
Keyword : HTS system, basic biological activity, plant extracts

Effect of Resveratrol and Oxyresveratrol on the Expression of
NLRP3 Inflammasome in RAW 264.7 Macrophages
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Development of Novel NPP Antifungal Polyene Macrolides in a
Rare Actinomycetes

Inhibitory Effect of Ursolic Acid on Activation of Inflammasome
NLRP3 and Proinflammatory Cytokine
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Polyene antibiotics such as nystatin A1 and amphotericin B belong to
a large family ofvery valuable antifungal polyketide compounds
typically produced by soil actinomycetes. Recently, Pseudonocardia
autotrophica produce Nystatin-like Pseudonocardia Polyene (NPP) A1
has been identified as a unique disaccharide-containing tetraene
antifungal macrolide. Despite its significantly decreased hemolytic
activity and increased water solubility, its antifungal activity remains
limited compared with that of nystatin A1. In this study, we developed
NPP B1. By introducing two amino acid substitutions in the putative
NADPH-binding motif of the enoyl reductase domain in module 5 of
the NPP A1 polyketide synthase NppC, NPP B1 has a novel NPP A1
derivative harboring a heptaene core structure. Through eliminating the
native plasmid encoding a polyketide biosynthetic gene cluster present
in P. autotrophica, the low level NPP B1 production yield was
successfully improved. NPP B1 exhibited comparable antifungal
activity against Candida albicans and was less toxic than the most potent
heptaene antifungal, amphotericin B, through In vitro and in vivo
antifungal activity and toxicitystudies. Moreover, NPP B1 showed
improved pharmacokinetic parameters comparedto those of amphotericin
B, suggesting that NPP B1 could be a promising candidate for
development into a pharmacokinetically improved and less-toxic
polyene antifungal antibiotic.
Keyword : NPP B1, Polyene, rare actinomycetes

Ursolic acid (UA), a pentacyclic triterpenoid carboxylic acid, is the major
component of many plants including apples and basil and has been
reported to possess antioxidant and anti-tumor properties. These
properties of UA have been attributed to its ability to suppress to
inflammatory cytokines activation. In this study, we investigated the
inhibitory effect of pentacyclic triterpenoid UA on NLRP3 activation
and pro-inflammatory cytokine production. The anti-inflammatory
effects of UA were assessed in LPS-stimulated RAW 264.7
macrophages. Effects of UA on NLRP3, ASC, caspase-1, IL-1b, and
IL-18 were studied to elucidate its mechanism of action. Treatment of
cells with UA significantly reduced the levels of the
inflammasome-forming protein such as NLRP3 ASC, and caspase-1 and
the pro-inflammatory cytokines such as interleukin-1β and IL-18. The
results suggest that ursolic acid attenuates NLRP3 activation and proinflammatory cytokines IL-1β and IL-18, in Raw 264.7 cell through
suppressing ASC mediated inflammatory pathways.
Keyword : Inflammasome, Ursolic acid, anti-inflammatory
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Anti-Obesity Effect of Red Yeast Rice (Monascus purpureus)
Extract in 3T3-L1 Adipocytes
1,2

1

1,2

Lee Jun-Hyeong , Byung-Hyuk Kim , Yeo-Cho Yoon , Jung-Gyu
Kim1,2, Ye-Eun Park1, Su-Jin Jeong1, Hye-Suk Park1, Keun Kab Lee1,
Gi-Seok Kwon2, Jung-Bok Lee1*
1
Institute for Development of Bioindustrial Materials, BHNBIO Co., LTD.,
Jincheon 27850, Republic of Korea, 2Division of Horticulture & Medicinal
Plant, Andong National University, Andong 36729, Republic of Korea

Red yeast rice (RYR) is a traditional Chinese medicinal agent prepared
by using Monascus purpureus fermented with rice. RYR contains
monacolin K as a potent inhibitor of HMG-CoA reductase and its
consumption is known to decreases cholesterol and triglyceride levels.
However, reports on obesity effects of RYR are very scarce. Therefore,
we conducted an experiment to determine whether RYR is effective in
obesity. We carried on MTT assay for cell proliferation, oil red O staining
for determination of 3T3-L1 cell differentiation, intracelluar adipogenesis,
western blot analysis for measurement of SREBP-1c, and C/EBPα
protein expressions were performed. We confirmed that Red yeast rice
decreased lipid accumulation in 3T3-L1 adipocytes by inhibiting
lipogenesis through down-regulation of SREBP-1c and C/EBPα. As a
result, we suggest that RYR has potential as a functional element in the
development of functional foods, nutrients for overweight, and obesity.
[This work was supported by Korea Institute of Planning and Evaluation
for Technology in Food, Agriculture, Forestry and Fisheries (IPET)
through High Value-added Food Technology Development Program,
funded by Ministry of Agriculture, Food and Rural Affairs (MAFRA)
(117104-02-2-SB010)]
Keyword : Red yeast rice, Monascus purpureus, 3T3-L1 adipocytes
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Inhibitory Effect of NLRP3 Inflammasome Activation and
Antioxidant
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Juglone (5-hydroxy-1,4-naphthoquinone) is a phenolic compound
found in walnuts. Because of the antioxidant capacities of phenolic
compounds, juglone may serve to combat oxidative stress. In addition,
juglone acts as a Pin1 inhibitor and inhibits the expression of
inflammatory proteins. In this study, antioxidant activity was assessed
by DPPH assay and RAW 264.7 cells were stimulated with LPS to
confirm protein expression by western blot to confirm the inhibitory
effect of NLRP3 inflammatory activity. As a result of the antioxidant
activity, it was confirmed that the DPPH radical scavenging activity was
increased as the concentration of the extract increased. Activation of
NLRP3 inflammasome was attenuated by juglone and inhibited the
cleaved caspase-1 secretion. Juglone inhibited cleaved caspase-1
secretion through attenuation of NLRP3 inflammasome activation. In
addition, cleaved caspase-1 secretion inhibition by juglone inhibited the
secretion of IL-1β and IL-18. As a result of this study, the anti inflammatory effect of juglone was demonstrated through NLRP3
inflammasome activation attenuation and it can provide a useful
therapeutic strategy for various inflammation related diseases.
Keyword : NLRP3 Inflammasome, Antioxidant, Juglone
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Aplysia kurodai (Sea Hare) Extract and Its Metabolite
Deboromolaurinterol Suppress Androgen-Independent Prostate
Cancer Cell Growth through Down-Regulation β-Catenin and YAP
*
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Department of Bio and Fermentation Convergence Technology, Kookmin
University, Seoul 02707, Republic of Korea

Aberrant up-regulation of the Wnt/β-catenin and Hippo pathways is
associated with development of castration-resistant prostate cancer
(CRPC), thereby providing a potential target for the development of
therapeutics for this malignancy. Here we used cell-based screening with
genetically engineered HEK293 reporter cells to demonstrate that
Aplysia kurodai extract (AKE) and its metabolite debromolaurinterol
(DBL) decrease the level of intracellular β-catenin. This attenuates the
β-catenin response transcription that is activated by Wnt3a-conditioned
medium (Wnt3a-CM) and so represses the expression of β-catenin/T-cell
factor-dependent genes, thereby inhibiting the proliferation of androgen
receptor (AR)-negative PC3 prostate cancer cells. Moreover, AKE and
DBL decrease the level of the Hippo pathway effector Yes-associated
protein (YAP) and AR in AR-positive LNCaP prostate cancer cells,
which is accumulated by Wnt3a-CM. Repression of YAP- and
AR-dependent genes occurred in an androgen-independent manner,
thereby inhibiting the proliferation of LNCaP cells. Collectively, our
findings suggest that AKE and DBL exert their anti-proliferative
activities against androgen-independent prostate cancer cells by
down-regulating β-catenin and YAP, and so they may hold potential as
chemopreventative agents for human CRPC.
Keyword : Aplysia kurodai, Debromolaurinterol(DBL), Hippo signaling
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Antimicrobial Activity of Bacillus pumilus Isolated from
Coriandrum sativum
Beiranvand Maryam, Jong-Chan Chae*
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Republic of Korea

Medicinal plants are the most significant source for various infectious
diseases. Screening for antimicrobial complexes from bacterial endophytes
is a promising approach to overwhelm the increasing risk of multi drug
resistant bacteria, especially methicillin-resistant Staphylococcus aureus
(MRSA). The aim ofthis study was to identify and measure the
antimicrobial activity of endophyticbacteria isolated from the medicinal
plant which had antagonistic activities against MRSA. Endophytic
bacterium, Bacillus pumilusstrain 130, was isolated from medicinal
plant Coriandrum sativum. The bacterial culture grown for three days
exhibited considerable antimicrobial activity when tested in vitro against
MRSA, Staphylococcus epidermidis, Staphylococcus pseudintermedius,
and Escherichia coli. Genome analysis of the strain 130 showed that the
genome was 3,614,840 bp containing 4008 genes with 41.8% G+C
content. Genome annotation was performed using the Rapid Annotations
using Subsystems Technology (RAST), which predicted the most common
types of non-ribosomal peptide synthetase (NRPS) and polyketide
synthase(PKS). In addition, the genome harbored various other genes
for the secondary metabolites biosynthesis including beta-lactam,
bacteriocin, siderophore etc. Our study showed that Bacillus pumilus had
a high potential for producing antimicrobial metabolites against MRSA,
Staphylococcus epidermidis, Staphylococcus pseudintermedius, and
Escherichia coli.
Keyword : Bacillus Pumilus, Endophytes, Antimicrobial activity
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Protopine Isolated from Nandina domestica Induces Apoptosis and
Autophagy in Colon Cancer Cells by Stabilizing p53
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Aberrant activation of β-catenin-response transcription (CRT) is a
well-recognized characteristic of colorectal and liver cancers and thus
a potential therapeutic target for these malignancies. Broussonetia
papyrifera (paper mulberry) has been used as a herbal medicine to treat
various diseases. Using a sensitive cell-based screening system, we
identified broussochalcone A (BCA), a prenylated chalcone isolated
from Broussonetia papyrifera, as an antagonist of CRT. BCA accelerated
the turnover of intracellular β-catenin that was accompanied by its
N-terminal phosphorylation at Ser33/37/Thr41 residues, marking it for
ubiquitin-dependent proteasomal degradation. Pharmacological inhibition
of glycogen synthase kinase-3β could not abrogate BCA-mediated
degradation of β-catenin. BCA decreased the intracellular β-catenin
levels in colon and liver cancer cells with mutations in β-catenin,
adenomatous polyposis coli, and Axin. BCA repressed the expressions
of cyclin D1, c-Myc, and Axin2, which are β-catenin/T-cell factordependent genes, and thus decreased the viability of colon and liver
cancer cell. Moreover, apoptosis was elicited by BCA, as indicated by
the increase in the population of Annexin V-FITC positive cells and
caspase-3/7 activities in colon and liver cancer cells. These findings
indicate that BCA exerts its cytotoxic effects by promoting phosphorylation/
ubiquitin-dependent degradation of β-catenin and may potentially serve
as a chemopreventive agent for colonrectal and liver cancers.
Keyword : Broussochalcone A, Wnt/β-catenin signaling, CRT-positive cancer

Poster Session

The tumor suppressor p53, encoded by the TP53 gene, plays an essential
role in cellular protection against a variety of stress stimuli and induces
apoptosis or autophagy in certain cancer cells upon activation. Herein,
we identified protopine, an isoquinoline alkaloid isolated from Nandina
domestica, as an activator of the p53 pathway using cell-based chemical
screening based on the p53-responsive transcription. Protopine
increased the p53-mediated transcriptional activity and promoted
phosphorylation of p53 at the Ser15 residue, thus stabilizing it.
Furthermore, protopine upregulated the expression of p21WAF1/CIP1
and BAX, which are downstream genes of p53, and inhibited the
proliferation of HCT116 colon cancer cells. Apoptosis was elicited by
protopine as indicated by caspase-3/7 activation, poly ADP ribose
polymerase cleavage, and increased Annexin V-FITC-positive cell
population in HCT116 colon cancer cells. Furthermore, protopine
induced the formation of microtubule-associated protein 1 light chain
3 (LC3)puncta and LC3-II turnover, which are typical biochemical
markers of autophagy, in HCT116 cells. Our findings suggest that
protopine exerts its anti-proliferative activity via stimulation of the p53
pathway, and it prove to be a promising chemopreventive agent in
treating human colon cancer.
Keyword : Protopine, p53 signaling, Colon cancer

Cytotoxic Activity of Broussochalcone A against Colon and Liver
Cancer Cells by Promoting Destruction Complex-Independent
β-Catenin Degradation
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A New Lasso Peptide with Cancer Cell Migration Inhibitory
Activity Discovered by the Genome Mining Approach

Antiangiogenic Potential of Microbial Metabolite Elaiophylin for
Targeting Tumor Angiogenesis
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Jang1, Jae-Hyuk Jang2,3*, Jong Seog Ahn1,3*
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The advances of genomic sequence analyses and genome mining tools
have enabled the exploration of unknown microbial natural products.
During genome mining programs to discover cryptic bacterial natural
products, we found biosynthetic genes encoding a new lasso peptide on
the genome sequence of a soil Streptomyces sp. KCB13F003. The
encoded peptide was obtained by altering the culture conditions followed
by LC-MS-targeted isolation. The structure was established by
spectroscopic and chemical means, which proved that the encoded
peptide is a new 15-mer class II lasso peptide with a threaded structure.
Biological evaluation with the cell invasion assay and time-lapse cell
tracking analysis revealed that the new peptide has significant inhibitory
activities against cancer cell invasion and migration.
Keyword : Lasso peptides, Streptomyces sp.

Angiogenesis is a fundamental process in cancer progression and
metastasis. In the past few decades, many angiogenesis inhibitors have
been created to reduce the progression and invasiveness of tumors.
However, clinical studies showed that resistance development and
toxicity were the main challenges facing the development of the
angiogenesis inhibitors. In the course of searching for angiogenesis
inhibitors from microorganisms, a C2 symmetry glycosylated 19-membered
macrolide, elaiophylin was isolated from Streptomyces sp.. Elaiophylin
dramatically suppressed in vitro angiogenic characteristics such as
proliferation, migration, adhesion, invasion and tube formation of
human umbilical vein endothelial cells (HUVECs) stimulated by
vascular endothelial growth factor (VEGF) at non-toxic concentrations.
In addition, elaiophylin immensely inhibited in vivo angiogenesis of the
chorioallantoic membrane (CAM) from growing chick embryos without
cytotoxicity. The activation of VEGF receptor 2 (VEGFR2) in HUVECs
by VEGF was inhibited by elaiophylin, resulting in the suppression of
VEGF-induced activation of downstream signaling molecules, Akt,
extracellular signal-regulated kinase 1/2 (ERK1/2), c-Jun N-terminal
kinase (JNK), p38, nuclear factor-κB (NFκB), matrix metalloproteinase
(MMP)-2 and -9. We also found that elaiophylin blocked tumor
cell-induced angiogenesis both in vitro and in vivo. Elaiophylin
downregulated the expression of VEGF by inhibiting hypoxia inducible
factor-1α (HIF-1α) accumulation in tumor cells. Therefore, elaiophylin
could be utilized as a new class of natural antiangiogenic agent for cancer therapy.
Keyword : Elaiophylin, Streptomyces sp., Antiangiogenic Activities
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Antioxidant Activity of Neoagarooligosaccharides on UV-Induced
Photoaging in Human Skin Cells
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Ultraviolet (UV) is one of the major reasons for the skin aging and its
intracellular action mechanisms are well-defined as 1) mitochondrial
damage due to UV-induced reactive oxygen species (ROS) and 2)
collagen collapse in the subcutaneous layer due to increased expression
of matrix metalloproteinase (MMP). Thus, antioxidants are commonly
used as an anti-aging agents to inhibit free radicals produced by UV such
as ROS. Oligosaccharides are kind of carbohydrates that have various
biological activities such as improving intestinal environment and
immune stimulation. Recently, antioxidant activity of oligosaccharides
has been also identified from few kinds of oligosaccharides. In this study,
seaweed-derived oligosaccharides were identified on anti-photoaging
that was induced by ultraviolet B (UVB) irradiation in human
keratinocytes (HaCaT cells). Reductive activity was validated using
conventional ABTS assay with nine individual oligosaccharides and
result indicated that neoagarooctaose (NA8) and neoagarodecaose
(NA10) have reducing power. In HaCat cell-based antioxidant
experiments, NA10 also inhibits ROS formation and ERK 1/2
phosphorylation. Finally, MMP-1 production was also interfered by
NA10 treatment in HaCat cells. There experimental results suggested
that NA10 has a potential for the skin anti-photoaging.
Keyword : Neoagarooligosaccharide, antioxidant activity, UV-induced
photoaging
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Oral Administration of Kimchi Attenuates Obesity-Associated
Hypothalamic Reactive Gliosis and Neuronal Injury in
Diet-Induced Obese Mice
Namhee Kim, Jieun Lee, Min-Sung Kwon, Seul Ki Lim, Misun Yun, Hyo
*
Kyeong Park, Young Joon Oh, Hak-Jong Choi
Microbiology and Functionality Research Group, World Institute of Kimchi,
Gwangju 61755, Republic of Korea

A high-fat diet (HFD) induces low-grade chronic inflammation throughout
the body including the hypothalamus, a key brain region involved in the
control of satiety and energy expenditure in central nervous system
(CNS). Kimchi has been recognized as a healthy food. In this study, we
evaluated its ability to suppress the obesity-induced central inflammation
in mice fed a high-fat diet. Male C57BL/6 mice were fed an HFD or HFD
with fresh kimchi (pH 5.2~5.8) or ripened kimchi (pH 4.0~4.3).Oral
administration of kimchi significantly reduced the body weight and fat
mass gain, and levels of leptin in serum. Furthermore, kimchi diminished
the HFD-induced activation of astrocyte and microglial cell populations
(reactive gliosis, a hallmark of CNS injury and inflammation) in
hypothalamus region. In addition, IgG accumulation permeability assay
showed that a HFD-induced breakage of the blood brain barrier (BBB)
and oral administration of kimchi reduced IgG leakage by upregulating
the expression of tight junction molecules including occludin and ZO-1
in cerebrovascular endothelial cells. Moreover, kimchi protected orexigenic
(AgRP, which is co-expressed with NPY) and anorexigenic (POMC)
neurons against HFD-induced cleaved caspase-3 activation. In conclusion,
the oral administration of kimchi suppressed central inflammation
response and hypothalamic neuronal injury in diet-induced obese
mice.These results suggest that kimchi may have beneficial effects for
the prevention and amelioration of central inflammation and neuronal
injury associated with obesity.
Keyword : Kimchi, Obesity, Reactive gliosis
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Inhibition of Fluconazole Resistant Candida albicans Biofilm
Formation and Hyphal Growth by Methylindole Derivatives

Extraction, Purification and Characterization of Chicken Egg Yolk
Phosvitin

Jintae Lee, Jin-Hyung Lee*
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Seung Hwan Yang1, Anitha Kannan2, Kannapiran Ponraj2, Sasikumar
Arunachalam Palaniyandi2*
1
Department of Biotechnology, Chonnam National University, Yeosu
campus, Republic of Korea, 2Department of Biotechnology, Mepco Schlenk
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Candida albicans is an opportunistic fungal pathogen and most prevalent
species among clinical outbreaks. It causes a range of infections,
including from mild mucosal infections to serious life-threating
candidemia and disseminated candidiasis. Multiple virulence factors
account for the pathogenic nature of C. albicans, and its morphological
transition from budding yeast to hyphal form and subsequent biofilm
formation is regarded as the most important reason for the severity of
Candida infections. To address the demanding need for novel
antifungals, we investigated the anti-biofilm activities of various
methylindoles against C. albicans using a crystal violet assay, and the
metabolic activity was assessed by using a 2,3-bis (2-methoxy-4-nitro5-sulfo-phenyl)-2H-tetrazolium-5-carboxanilide reduction assay.
Changes in biofilm morphologies and thicknesses were determined by
confocal laser scanning microscopy and scanning electron microscopy,
respectively. Of the 21 methylindoles tested, 1-methylindole-2-carboxylic
acid (1MI2CA) and 5-methylindole-2-carboxylic acid (5MI2CA)
effectively inhibited biofilm formation by C. albicans DAY185 and
ATCC10231 strains. Moreover, 1MI2CA and 5MI2CA both effectively
inhibited hyphal formation, and thus, improved C. albicans infected
nematode survival without inducing acute toxic effects. This study
provides information useful for the development of novel strategies
targeting candidiasis and biofilm-related infections.
Keyword : Biofilm, Candida albicans, methylindoles
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Phosvitin is the principal phosphoprotein in chicken egg yolk, which is
a soluble, acidic glycoprotein with a molecular weight of ~35 kDa.
Chicken egg yolk- phosvitin has about 57% of its total amino acids as
serine and 90% of serine residues are phosphorylated. The aim of this
study is to extract, purify and characterize phosvitin from chicken egg
yolk. Granules of egg yolk which contains phosvitin was precipitated
after dilution of yolk with acidic water followed by centrifugation and
extraction of phosvitin using 10% ammonium sulphate. The purification
was done in anion exchange chromatography and phosvitin was eluted
at the concentration of 0.46 M sodium chloride. The alkali dephosphorylation
of pure phosvitin was performed and the optimum condition for
dephosphorylation was found to be 52ºC for 2 hours.
Keyword : Egg yolk, phosphoprotein, Phosvitin
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Comparison of Isoflavone Aglycones Genistein and Daidzein in
Different Crop Legumes
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Glehnia littoralis have been used as a traditional medicine for treatment
of stroke, however, the secondary metabolites produced by endophytes
have not been studied thus far. Therefore, a new meroditerpenoid (1)
along with eight known compounds (2-9), were isolated from ethyl
acetate extract of the cultures of an endophytic fungus. The fugal strain
Neosartorya fischeri (JS553) were obtained from a halophyte Glehnia
littoralis, which was collected from Suncheon bay, South Korea. The
planar structures of these compounds were elucidated by combined
spectroscopic studies including 1D- and 2D-NMR, HR-MS, and UV and
comparison with previously reported literature. The relative and
absolute configurations of compound 1 were determined by ROESY and
modified Mosher’s method. Among the isolates, compound 8, fischerin,
exhibited significant neuroprotective effect in HT22 cells by inhibition
2+
of ROS, Ca influx and MAPKs (JNK, ERK, and p38) phosphorylation.
Keyword : Endophyte, Neosartorya fischeri, Fischerin

Poster Session

Isoflavone aglycones (Genistein and Daidzein) and isoflavone glycosides
(Genistin and Daidzin) are present in crop legumes, abundantly in
soybean (Glycine max). Isoflavones are a class of phytoestrogens with
estrogenic activity. They have structural similarity with 17-β estradiol.
Isoflavone extraction was done in different crop legumes such as
chickpea (Cicer arietinum), black gram (Vigna mungo), pigeon pea
(Cajanus cajan), red cow pea (Vigna unguiculata), red kidney bean
(Phaseolus vulgaris), yellow lentil (Lens culinaris), bengal gram (Cicer
arietinum). Isoflavone presence in samples was analyzed by thin layer
chromatography (TLC) and high-performance liquid chromatography
(HPLC). The optimized mobile phase for TLC was found to be
chloroform:methanol:acetic acid (9:1:0.15, v/v/v). HPLC analysis
showed that yellow lentil and red cow pea were observed to have the
highest concentrations of daidzein and genistein, respectively among the
different crop legumes used in this study.
Keyword : Legumes, daidzein, genistein

A New Meroditerpenoid from the Cultures of an Endophytic
Fungus, Neosartorya fischeri JS533
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Bioactive Glycosylated Cyclic Lipodepsipeptides from an
Endophytic Fungus, Colletotrichum gloeosporioides JS419

Antimicrobial Activity of Submerged Culture from Penicillium
rubefaciens
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Research Department, Nakdonggang National Institute of Biological
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Endophytic fungi are reported as fungi that live asymptomatically within
the tissues of host plants. The fungal strain Colletotrichum gloeosporioides
JS419 was isolated from a halophyte Suaeda japonica Makino, which
was collected from a swamp in Suncheon. Six new glycosylated cyclic
lipodepsipeptides (1-5) were isolated from the cultures of the endophytic
fungus JS419 through a variety of chromatographic methods. Chemical
structures of 1-5 were determined by analyzing extensive spectroscopic
data (1D and 2D NMR) and chemical evidence. The relative configurations
were identified by combination with ROESY and J-based configuration
analysis. The absolute configurations were established by modified
Mosher’s method, advances Marfey’s method, and sugar derivatization.
The neuroprotective activities of these isolated compounds (1-5) were
also evaluated; Compound 3 and 5 showed neuroprotective effects in
2+
HT22 cells by inhibition of ROS, Ca influx and MAPKs (JNK, ERK,
and p38) phosphorylation.
Keyword : Endophyte, Colletotrichum gloeosporioides, Glycosylated
cyclic lipodepsipeptide
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Dyes Extracted from Brown Algae and Dyeing Using It
*

Youjin Seo, Hae-Seon Kim, Nyun-Ho Park, Jung-Hee Woo
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Gyeongbuk, Republic of Korea

Recently, seaweeds are being studied to develop new sources of natural
dyes. Natural dyes derived from seaweeds have been reported to be
eco-friendly dyes with high affinity to protein fibers and functionalities
such as antimicrobial properties. Accordingly, we extracted the dye stuff
from 5 different brown algae, Eisenia bicyclis, Ecklonia cava, Hizikia
fusiformis, Laminaria japonica and Undaria pinnatifida through
various methods. 1) extracting water, 2) extracting aqueous alkali and
3) stabilizing colorants by metallic salts and extracting in alkalic
condition. Tannins of the dye components extracted by 3 methods were
quantified using folin-ciocalteu reagent method. Tannin is a substance
with antibacterial and antioxidant activity. Eisenia bicyclis and Ecklonia
cava have high tannin components. And the dye was better. This
work(Grants No. S2654259) was supported by Business for Cooperative
R&D between Industry, Academy and Research Institude funded Korea
Small and Medium Business Administration in 2018 and
Gyeongsangbuk-do R&D Program.
Keyword : Brown algae, Dye extracted, Tannin
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Antimicrobial activity of culture extracts from Penicillium rubefaciens
were investigated against methicillin-resistant Staphylococcus aureus
(MRSA) and Bacillus cereus. The submerged culture supernatant of P.
rubefaciens was successively partitioned with n-hexane, n-butanol,
ethyl acetate and aqueous fractions. Antimicrobial activity testing was
carried out by using disc diffusion method. The EA fraction showed a
zone of inhibition that ranged from 7 to 10 mm. Chemical investigation
of the EA fraction resulted in the isolation and identification of the
antimicrobial compound (6-hydroxymellein). We will investigate the
optimal conditions for mycelial growth and antimicrobial activity.
Keyword : Penicillium rubefaciens, Antimicrobial activity

Inhibitory Effect of Elaeagnus umbellata Leaf Extract on
Cadmium Hepatotoxicity in HepG2 Cells
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Cadmium (Cd) is accumulated in vital organs where it causes various
diseases. Anti-oxidative material have been tested to reduce hepatotoxicity
of Cd. Elaeagnus umbellata leaf is an extremely gallic acid-rich plant
material, and this compound is well known as an anti-oxidant compound.
In this study, we investigated the hepatoprotective effect of E. umbellata
leaf extract on Cd-treated HepG2 cells. To establish the optimal
extraction conditions, the effectiveness at various solvents (0%, 20%,
50%, 70%, 100% EtOH), temperature (RT, 60℃, 80℃) and time (3 hr,
6hr, 12hr, 24hr, 48hr) were examined. E. umbellata leaf extract extracted
by 70% EtOH of 80℃ for 6 hr showed the highest extraction yield
(15.14%) and gallic acid (87.37 mg/g) content among the various
conditions analyzed by HPLC. The selected extract protected the cells
against Cd-induced toxicity in HepG2 cells. The regulatory effect of the
extract on the protein expression of SOD and MAPKs were investigated
in Cd-treated HepG2 cells. From the results, the leaf extract of E.
umbellata could be an excellent food material in the prevention of
Cd-induced hepatotoxicity.
Keyword : Elaeagnus umbellata, Cadmium hepatotoxicity, Gallic acid
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Anti-Oxidative Activity of Red Rice and Red Barley Extracts and
Their Fractions

In-vitro Degradation of Polyphenolics in Rumen Fluid from
Hanwoo Steer Cattle
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Rice fermented Monascus purpureus (Red rice yeast) and barley
fermented Monascus purpureus (Red barley yeast) is known to help
digestion, smooth blood flow, and effects of anti-cancer, anti-microbial,
and inhibitory effects against biosynthesis of cholesterol and blood
pressure. The objective of this study was evaluation of the antioxidative
activities of extracts and their fractions from Red rice yeast and Red
barley yeast. We investigated the antioxidant activities of Red rice yeast
and Red barley yeast extract from the various solvents as water, ethanol
extracts, n-hexane, chloroform, ethyl acetate, n-butanol, and aqueous
fractions. To determine the antioxidant activity, DPPH scavenging
activity, total polyphenolic and flavonoid contents were evaluated.
Based on a comparative analysis, ethyl acetate solvent fractions
confirmed high scavenging effects. These results can provide the basic
data to understand the biological activities of Red rice yeast and Red
barley yeast for the development of functional foods. [This work was
supported by Korea Institute of Planning and Evaluation for Technology
in Food, Agriculture, Forestry and Fisheries (IPET) through High
Value-added Food Technology Development Program, funded by Ministry
of Agriculture, Food and Rural Affairs (MAFRA) (117104-02-2-SB010)]
Keyword : Monascus purpureus, anti-oxidant effects
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Ruminal microorganisms play an important role in feed degradation.
They can synergistically ferment plant derivatives such as carbohydrates,
proteins, and other secondary metabolites. However, degradation and
conversion efficiency of plant secondary metabolites in rumen remain
unclear. The objective of this study was to evaluate in-vitro degradation
of polyphenolic compounds in rumen fluid from hanwoo steer. Phenolics
and flavonoids such as rutin, vitexin, prophyl gallate, myricetin,
coumaric acid, ferulic acid, caffeic acid, quercetin, luteolin, and
kaemferol were used in their pure forms at 1mg/100 ml in rumen fluid
buffer system. The mixture of secondary metabolites was incubated at
37℃ for 12-72 hrs and fermented samples were collected every 12 hrs
and analyzed with HPLC-DAD to determine biotransformation of
polyphenolics. In generally, luteolin, ferulic acid, caffeic acid, coumaric
acid and quercetin were partially degraded after 24 hrs incubation in
rumen fluid (P≤0.05). On the other hand, the concentrations of prophyl
gallate, rutin and myricetin were not significantly changed after 72 hrs
of incubation in rumen fluid (P>0.05). In addition, the microbial
population study in rumen fluid was revealed several major ruminal
phyla are present, mainly Bacteroidetes, Firmicutes, and Proteobacteria.
So, the selected phenolic acids and flavonoids could be partially
degraded in the rumen through potent identified rumen inoculums.
Keyword : Rumen fluid, polyphenolics, in-vitro degradation
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The regulating water supply and preventing plant pathogens are
important factors that improve seed germination, plant growth, and crop
production. Hydrogel is able to contain a large of amount water due to
a three-dimensional hydrophilic polymer network structure. Present
study was prepared the hydrogel which is able to release the water,
nutrients, and water-soluble chitosan for a long time. Hydrogel was
prepared by ion crosslinking of sodium alginate as a gelling polymer and
calcium lactate as a gelling activator. In addition, to provide
antimicrobial effect in the released water solution from hydrogel beads,
water-soluble chitosan (WSC) which is produced by deacetylation of the
natural chitin and exerts antifungal, antioxidant, and anticancer actions.
Swelling behaviors and water-release kinetics of the hydrogel beads
were investigated with two-typed alginates with low and high viscosity
in time-dependent and concentration-dependent manners. Furthermore,
the seed germination and plant growth were investigated in hydrogel
beads with various compositions of WSC and nutrients. Antimicrobial
effect of hydrogel bead was expressed by released WSC solution. All
of the results in this work showed potential applications of hydrogel bead
in sustainable modern agriculture (NRF-2017R1A2B4010831).
Keyword : Antimicrobial activity, Hydrogel, Alginate
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This study was undertaken to investigate the hepatoprotective effect of
Dendropanax morbifera (D. morbifera) ethanol extract in carbon
tetrachloride (CCl4)-treated HepG2 cells. Ethanol extract of D.
morbifera increased the cell viability of CCl4-damaged HepG2 cells. In
addition, CCl4-treatment significantly increased the levels of alanine
transaminase (ALT) and aspartate transaminase (AST)(13.8 nmol and
2.6 ng/ml, respectively), and also induced the upregulation of γ-glutamyl
transpeptidase (GGT) and decrease of glutathione level (540% and
44.0% of the control cell, respectively). However, the D. morbifera
extract (100 μg/ml) resulted in dose-dependent decreases in the levels
of ALT (64.3%), AST (73.1%), GGT (73.7%), and increased glutathione
(156.8%) in CCl4-treated HepG2 cells. The malondialdehyde (MDA)
content in CCl4-treated HepG2 cells was effectively inhibited by the D.
morbifera extract (71.7% at 100 μg/ml). Furthermore, lipid peroxidation
and reactive oxygen species (ROS) generated by CCl4 treatment in
HepG2 cells were reduced by the D. morbifera extract. Thus, our results
indicate the beneficial use of the D. morbifera extract as a functional
material for liver protection.
Keyword : Hepatoprotective effect, Dendropanax morbifera, lipid
peroxidation inhibition

Enhanced Plant Growth and Antimicrobial Effect of Alginate
Hydrogel Bead Containing Water-Soluble Chitosan
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Protective Effects of Oenanthe javanica Extract against Allergic,
Inflammation and Asthmatic Reactions
Min Ju Kim, Key Whang, Seun-Ah Yang*
Department of Food Science and Technology, Keimyung University, 1095,
Dalgubeoldae-ro, Dalso-gu, Daegu 42601, Republic of Korea

Oenanthe javanica is a medicinal food commonly used to treat diseases
such as jaundice, hypertension, and polydipsia in Korea, Japan, and
China. In this study, the anti-allergy, anti-inflammation and anti-asthma
properties of fermented extract were investigated. The fermented O.
javanica extract did not inhibit β-hexosaminidase release in
anti-DNP-IgE sensitized RBL-2H3 cells. In addition, O. javanica extract
suppressed the NO production in LPS-induced RAW264.7 macrophage
(11.9 μM at 500 μg/ml) compared with only LPS-treated cells (25.9 μM),
suggesting that the O. javanica could act as an anti-inflammation activity.
We next investigated the anti-asthmatic effects by measuring the release
of eosinophil‐selective biomarkers including IL‐8 and RANTES in TNFα + IL-4 + IL-1β-stimulated A549 cells. Fermented O. javanica extract
was no cytotoxic in RBL-2H3, RAW264.7, and A549 cells. Thus, the
fermented O. javanica extract could be an excellent food material in the
prevention of inflammation and asthmatic related diseases.
Keyword : Oenanthe javanica extract, anti-inflammation activity,
anti-asthmatic effect
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Since heat shock protein (HSP27) is a prognostic marker in cervical
cancer, in the present study, the apoptotic mechanism of lambertianic
acid (LA) was investigated in human cervical cancers in association with
HSP27/STAT3/AKT signaling axis. LA exerted significant cytotoxicity,
induced sub-G1 phase, and increased the cleavage of Poly (ADP-ribose)
polymerase (PARP) and cysteine aspartyl-specific protease 3 (caspase3)
in HeLa and Caski cancer cells. Consistently, LA downregulated
anti-apopotic genes such as B-cell lymphoma 2 (Bcl-2) and inhibitors
of apoptosis proteins (c-IAP) in HeLa and Caski cells. Furthermore, LA
inhibited phosphorylation of HSP27, signal transducer and activator of
transcription 3 (STAT3) and Protein kinase B (AKT) through disturbing
the binding of HSP27 with STAT3 or AKT in HeLa cells. Notably, LA
upregulated the mRNA level of miR216b in HeLa and Caski cells.
Consistently, miR216b mimic suppressed phosphorylation of HSP27
and reduced the expression of pro-PARP, while miR216b inhibitor
reversed the ability of LA to attenuate phosphorylation of AKT, HSP27
and STAT3 and to reduce the expression of pro-PARP in HeLa cells.
Overall, our findings suggest that miRNA216b mediated inhibition of
HSP27/STAT3/ AKT signaling axis is critically involved in LA induced
apoptosis in cervical cancers.
Keyword : Cervical cancer, Lambertianic acid, Apoptosis
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Antifungal Behavior of Arabidopsis Profilins
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Seong-Cheol Park, Mi-Kyeong Jang
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University, Republic of Korea

It remains an open question whether plant phloem sap proteins are
functionally involved in plant defense mechanisms. In this study, we
evaluated the antifungal effects of two profilin proteins from
Arabidopsis thaliana, AtPFN1 and AtPFN2, against diverse fungal
pathogens. The results showed that both proteins inhibited the cell
growth of various pathogenic fungal strains, and their mechanism of
action involved the generation of intracellular reactive oxygen species
and mitochondrial superoxide, resulting in cell apoptosis. The study
suggests that the PFN proteins may play a critical role as antifungal agents
in the plant defense system (NRF-2016R1D1A3A03918533).
Keyword : Profilin, Antifungal protein, Apoptosis
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MicroRNA216b Mediated Downregulation of HSP27/STAT3/AKT
Signalings is Critically Involved In Lambertianic Acid Induced
Apoptosis in Human Cervical Cancer Cells

Development of a Cosmetic Material from Macroalgae Biomass
Using Chemical and Enzymatic Reaction System
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Suwon-si, Gyeonggi-do 16226, Republic of Korea

Red macroalgae are possible renewable sources for bio-material
production because of their high polysaccharide content and small
number of sugar types. Their advantages as biomass include rapid
growth, high production yields, and little lignin. The polysaccharide
from marine biomass possess many biological activities. Therefore, it
has been used for cosmetic materials. These specific activities are related
to their molecular weight and chemical structure. This study investigates
the production methods of polysaccharide with various molecular
weight from Gracilaria sp.. We extracted polysaccharide from Gracilaria
sp. and degraded into smaller polysaccharide by chemical or enzymatic
hydrolysis. We selected acid catalysts, and studied the effects of catalyst
acidity, hydrolysis temperature, and reaction time on the production of
polysaccharide. We describe sample preparation and HPLC method to
analyze polysaccharide molecular weight. We also isolated new
polysaccharide degrading enzymes and marine microorganisms by
functional screening from Gracilaria sp.. These new enzymes can be
applied to the production of polysaccharide with various molecular
weight.
Keyword : Gracilaria sp., polysaccharide, cosmetic material
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Aturanosides A and B, and Glycosylated Anthraquinones with
Antiangiogenic Activity from a Soil-Derived Streptomyces Species

Thymus vulgaris Suppresses Atopic Dermatitis-Like Symptoms in
Human Keratinocyte
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Seula Seo, Jiyeon Shin, Jeongseung Hwang, Taejoon Im, Jahyun Bae,
Sangyong Park, Eunson Hwang*
SD Biotechnologies Co., Ltd, #301 Seoul Hightech Venture Center, 29,
Gonghang-daero 61-gil, Ganseo-gu, Seoul, 07563, Republic of Korea

A chemical investigation of a culture extract from a soil-derived
Streptomyces sp. RK88-1441 led to the isolation and characterization
of two new glycosylated anthraquinones, aturanosides A (1) and B (2),
and a new anthraquinone derivative, aturanocin (3). The structures of
these compounds were elucidated by detailed NMR andMS spectroscopic
analyses. The absolute configurations of the sugar units, based on the
magnitudes of the coupling constants, ROESY correlations, and chemical
derivatization, from 1 and 2 are 6-O-[N-acetyl-α-D-glucosamino-(1→
2)-α-L-rhamnoside] and 6-O-α-L-rhamnoside, respectively. Compounds
1 and 2 showed no cytotoxicity against human umbilical vein endothelial
cells (HUVECs), but significantly suppressed vascular endothelial
growth factor (VEGF)-induced tube formation and invasion of
HUVECs. The down-regulation of both the phosphorylation of VEGF
receptor 2 and the expression of vascular endothelial cadherin at the
protein level were also observed.
Keyword : Streptomyces sp., Sugar units, Antiangiogenic activity
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Thymus vulgaris (TV), commonly known as thyme is an aromatic
evergreen herb used as cosmetic, spice and medicine. Atopic dermatitis
which is more common in infants and children as well as adults is a chronic
and relapsing inflammatory skin disease. Although anti-inflammatory
effects of TV are well known, the effects on atopic dermatitis have not
been reported. In this study, we examined the relevance of TV for atopic
dermatitis in humankeratinocyte HaCaT cells in vitro. TV has the
antioxidant activity by reducing DPPH radical scavenging. TV inhibited
cytokines and chemokines such as IL-6, IL-8, TARC, MDC, and
RANTES without significant cell toxicity. The protective effects of TV
against atopicdermatitis were caused by regulation of signaling pathway
including MAPK, NF-κBand STAT-1 in vitro. These suggest that TV may
inhibit the onset of atopic dermatitis in TNF-α / IFN-γ stimulated HaCaT
cells. Therefore, TV provides a therapeutic strategy for AD therapy.
Keyword : Thymus vulgaris, aromatic herb, Atopic dermatitis
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Anti-Melanogenic Effects of Bergamottin via Mitogen-Activated
Protein Kinases and Protein Kinase B Signaling Pathways
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Efficacy and Safety of Thymus vulgaris for Anti-Wrinkle Therapy
in Healthy Skin
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Human skin changes due to the synergistic effects of intrinsic and
extrinsic factors that determine the wrinkles of the skin during aging.
Thymus vulgaris has promising properties to prevent skin aging. The
purpose of the current study was to evaluate the preventive effects of
thymus vulgaris (TV) on eye-wrinkle formation by applying TV cream
in 20 randomized human subjects for 12 weeks. Compared with the
placebo, TV significantly reduced the global photo-damage score. In
addition, skin roughness (R1), smoothness depth (R4), and arithmetic
roughness average (R5) were significantly decreased with use of TV. In
a post-study questionnaire, subjects replied that there was no significant
difference between TV and the placebo. No participants reported any
adverse effects on the treatment. In conclusion, based on the evaluation
using non-invasive devices, TV sufficiently suppressed the formation
of eye wrinkles by reducing various roughness measures. Therefore, our
results indicate that TV is a promising anti-aging candidate that could
be used as an ingredient in natural functional food and cosmetic products
Keyword : Thymus vulgaris, Anti-wrinkle, Anti-aging

Poster Session

In this study we examined the inhibitory effects of bergamottin on
melanogenesis in B16F10 murine melanoma cells, together with its
effect on the mechanism of melanin synthesis. In the present study,α
-MSH-stimulated B16F10 cells were treated with various concentrations
of bergamottin; arbutin was used as the positive control. Bergamottin
significantly inhibited the melanin content and tyrosinase activity of the
cells without exerting any cytotoxicity. In addition, it significantly
down-regulated the expression of tyrosinase-related protein-1, 2 (TRP-1,
2), and tyrosinase via suppressing the expression of microphthalmia-associated
transcription factor (MITF). The phosphorylation status of mitogenactivated protein kinases (MAPKase) and protein kinase B (AKT) were
also examined to elucidate the mechanism underlying the anti-melanogenic
effect of bergamottin. As a result, bergamottin increased the phosphorylation
of extracellular signal-regulated kinase (ERK) and AKT but decreased
the phorsphorylation of p38 and c-Jun N-terminal kinase (JNK)
inB16F10 cells. Moreover, use of PD98059 (ERK inhibitor) and
LY294002 (an AKT inhibitor) corroborated these findings. These results
indicated that bergamottin inhibits melanogenesis via the MAPKaseand
AKT signaling pathway. These data suggest that bergamottin could serve
as a potential compound for treating hyperpigmentation disorders. It may
also be a promising chemical for skin-whitening in the cosmetic industry.
Keyword : Anti-melanogenesis, MAPK, AKT
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Phylogenetic Diversity of Actinomycete Bacteria Isolated from
Saltern Sediment

Neuroprotective Effects of Scrophularia buergeriana Extract
against Glutamate-Induced Toxicity in SH-SY5Y Cells
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and Technology, 679 Saimdang-ro, Gangneung-si, Gangwon-do, Republic
of Korea

Seung Hwan yang, Hae Jin Lee
Department of Biotechnology, Chonnam National University, Yeosu 59626,
Republic of Korea

Actinomycete, often found from soil environment, is a member of
Actinomycetales, and has been considered as a pivotal source of new lead
molecules historically from the 1940s. Although these actinomycetes
continue to be studied extensively, it is clear that the rate of discovery
for novel secondary metabolites is decreasing. Whereas investigations
of actinomycetes from ocean environments have rarely been studied.
Microbiologically, the oceans are massively complex and consist of a
diverse assemblage of life forms which occur in environments of extreme
variations in pressure, salinity, and temperature. To isolate new
actinomycete strain, we collected marine sediment from saltern located
in Shinan-gun, Republic of Korea. 76 strains with morphological
characteristics of actinomycete were isolated on the selective isolation
media. Through 16S rRNA gene sequencing, these strains were almost
identified as actinomycetes mainly including genus Streptomyces. Of
them, three strains (SS39, SS51, SS66) showed lower 16S similarities
of 98.7 % cutoff for new species (98.5%, 97.7% and 98.6%). Further
study to prove new species and discovery of new secondary metabolites
are currently in progress.
Keyword : Actinomycete, Saltern, Streptomyces
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To investigate the anti-oxidant and anti-apoptotic activity and their
related action mechanism of the Scrophularia buergeriana extract
(SBE) in cell death-induced SH-SY5Y cells. The roots of Scrophularia
buergeriana were extracted with 70% ethanol and standardized SBE
were used to experiment. To induce cell cytotoxicity, SH-SY5Y cells
were exposed to glutamate for 3 h and the SBE were pre-treated for 1
h before glutamate treatment and treatment with glutamate during 3 h.
Neuroprotective effects were measured cell viability and total
glutathione contents by using commercial kits. Antioxidant and
anti-apoptosis mechanism of SBE was examined western blot assay. We
confirmed that glutamate-induced cell death causes ROS, anti-oxidative
stress and generates DNA damage and leads to cell death. However,
treatment with SBE in SH-SY5Y cells significantly increased the
reduced the cell viability of glutamate by up-regulating antioxidant
related proteins such as SOD-1 (Superoxide dismutase-1), SOD-2
(Superoxide dismutase-2) and GPx-1 (Glutathione peroxidase-1) and
directly enhanced total glutathione contents. Furthermore, SBE
attenuated DNA impairment and down-regulated the Bax (Bcl-associated
X protein), Cleaved Caspase-3, Cleaved PARP activation and up-regulated
Bcl-2 via p38 MAPKs. In our study, we demonstrated that the SBE has
Neuro-protective effects against glutamate-treated cell toxicity through
antioxidant and anti-apoptosis properties.
Keyword : Scrophularia buergeriana, oxidative stress, anti-apoptotic
activity
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Identification of APPA Type Phosphonate from Streptomyces sp.
N50 and Its Biosynthetic Gene Cluster

Antiperiodontitis Effects of Magnolia biondii Extract on
Ligature-Induced Periodontitis in Rats

Jinsoo Park, Wanki Park, Keebeom Ko, Daeun Kim
Natural Products Informatics Research Center, Korea Institute of Science
and Technology, Gangneung 25431, Republic of Korea

Seung Hwan yang, Hae Jin Lee
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Republic of Korea

Phosphonates, molecules containing C-P bond related to high molecular
stability and structural similarity to phosphate ester, are a broad family
of antibiotic molecules with interesting and useful biological properties
(e.g. fosfomycin, fosmidomycin, bialaphos). The conversion of
phosphoenolpyruvate (PEP) to phosphonopyruvate, catalyzed by the
enzyme PEP mutase (PepM), is the initial step in the formation of many
naturally occurring phosphonate compounds. This study examined the
possibility of new phosphonates in endophytic bacteria (Strain N50)
isolated from the whole plant of Selaginella tamariscina through the
pepM gene degenerate PCR method. After incubating strain N50 using
various growth media and culture conditions, the production of
phosphonate in TYA medium was confirmed by 31P NMR using the
distinctive chemical shift of C–P molecules. The whole genome of strain
N50 was sequenced, and the presence of BGCs in the genomes was
analyzed using antiSMASH. Based on the analysis of the BGCs in the
Streptomyces strain N50 it is predicted that N50 will produce an APPA
type phosphonate similar to rhizocticins and plumbemycins.
Keyword : Phosphonate, PEP mutase, 2-amino-5-phosphono-3-pentenoic
acid

We studied the protective effects of Manoglia biondii extract (MBE)
against ligature-induced periodontitis rats. To induce the periodontitis,
ligature surrounding molar was induced for 8 weeks and MBE was
administrated for 8 weeks to periodontitis induced rats. Gingival tissue
damage and alveolar bone loss were measured by Micro-computed
Tomography (CT) analysis and histopathological examination. Serum
Interluekin-1 b (IL-1b), tumor necrosis factor-a (TNF-a), cyclooxygenases-2
(COX-2), and receptor activator of nuclear factor-kB ligand (RANKL)
levels were investigated using commercial kits to confirm the
antiperiodontitis effects of MBE. In this study, we confirmed that
ligature-induced periodontitis shows gingival tissue damage and
alveolar bone loss. However, treatment for 8weeks with MBE protected
the periodontal tissue damage and down-regulates serum inflammatory
cytokine factors and RANKL levels. These results suggested that MBE
shows anti-periodontitis effects through inhibiting gingival tissue
destruction and alveolar bone loss by regulating anti-inflammatory
cytokines in the periodontitis induced rats.
Keyword : Magnolia biondii, Antiperiodontitis, Periodongal tissue
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Untargeted Metabolite Profiling of Kimchi by Ultra-Performance
Liquid Chromatography Coupled to High-Resolution Tandem
Mass Spectrometer
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Chung2, Sung Hyun Kim1*
1
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Metabolite profiling of kimchi by LC-MS has rarely been reported. In
this study, we have performed the first reported metabolite profiling of
kimchi using LC-HR-MS/MS without NMR or GC-MS and employing
both positive and negative ESI ionization modes. Discrimination of
kimchi fermentation periods was possible by analyzing metabolite
profiles using multivariate analyses. A total of 397 metabolites between
positive and negative ion modes were detected in only the early period
sample, 292 were detected only in the middle period sample, and 307
were detected in only the late period sample. Discrimination of kimchi
fermentation periods was possible by analyzing the metabolite profiling
results using a multivariate analysis. Based on these results, the ripening
and shelf life of kimchi may be controlled by metabolic reprogramming.
Furthermore, this study will be useful as a reference for metabolite
profiling analyses of other fermented foods.
Keyword : Kimchi, metabolite profiling analysis, LC-HR-MS/MS
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Hepatoprotective Effect and Nephrotoxicity of Zizania latifolia
Extract in HepG2 and LLC-PK1 Cells
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In this study, we examined that the hepatoprotective effect and
nephrotoxicity of Zizania latifolia extract. To investigate the
hepatoprotective effect and nephrotoxicity of Z. latofolia extract, we
performed MTT assay, LDH assay, reactive oxygen species (ROS)
observation, and superoxide dismutase 1 (SOD1) protein expression. In
MTT assay, the cell viability of tert-butylhydroperoxide (t-BHP)induced HepG2 cells and 2,2-azobis-(1-aminopropane)-dihydrochloride
(AAPH)-induced LLC-PK1 cells were increased by the exposure of Z.
latofolia extracts. The Z. latofolia extracts treatment decreased the 18%
of necrotic cells compared to t-BHP-induced HepG2 cells. In addition,
the Z. latifolia extracts were effectively inhibited the ROS generation
compared with the t-BHP-induced HepG2 and AAPH-induced
LLC-PK1 cells. Furthermore, the SOD1 protein expression was
increased 3.5 and 2.8-fold by the Z. latifolia extract exposure compared
to the t-BHP-induced HepG2 and AAPH-induced LLC-PK1 cells. Taken
together, our results suggest that the Z. latifolia extracts might be a good
candidate as a functional food material for the health of liver and kidney.
Keyword : Hepatoprotective effect, Nephrotoxicity, Zizania latifolia
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We evaluated the antimicrobial, antioxidant and whitening effects of hot
water and 70% ethanol extracts of Korean cabbage core. The
antimicrobial activity of Korean cabbage core extracts were screened
against Escherichia coli (E. coli, Gram negative bacteria) and
Staphylococcus aureus (S. aureus, Gram positive bacteria). The hot
water and 70% ethanol extracts of Korean cabbage core significantly
inhibited the E. coli and S. aureus growth. Also, hot water and 70%
ethanol extracts of Korean cabbage core exhibited strong DPPH and
ABTS radical scavenging activities with concentration dependent
manners compared with control samples. Furthermore, the 70% ethanol
and hot water extracts of Korean cabbage core strongly inhibited the
melanin production in α-melanocyte stimulated hormone-induced
B16-F0 cells. In HPLC experiments, the quercetin contents of the hot
water and 70% ethanol extracts in the Korean cabbage core were
measured 6.56 and 5.67 nmol, respectively. Our data suggests that
quercetin is the major bio-functional compound in the extracts of Korean
cabbage core. Taken together, hot water and 70% ethanol extracts of
Korean cabbage core will be a good candidate for cosmetic materials.
Keyword : Korean cabbage Core, antimicrobial activity, whitening effect
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Antigens stimulated RBL-2H3 mast cells release various inflammatory
mediators such as histamine, tumor necrosis factor-alpha (TNF-α),
interleukin-4 (IL-4), and β-hexosaminidase, which is a biomarker of the
degranulation. Histamine is a well-known mediator for skin allergic
reaction through up-regulation of pro-inflammatory cytokines in
stimulated-mast cells. Histamine exposure to keratinocytes lead to the
formation of an impaired skin barrier, which initiates the expression of
pro-inflammatory molecules. Zizania latifolia, known as wild rice, is a
fascicular and perennial aquatic plant that grows in warm water. In this
study, we investigated the anti-allergic action of enzyme-treated Z.
latifolia extract (ETZL) in RBL-2H3 cells and HaCaT cells. ETZL
inhibited the release of β-hexosaminidase (IC50, 62.85 μg/mL), the
formation of TNF-α (IC50, 81.87 μg/mL), and IL-4 (IC50, 111.30 μg/mL)
in a dose-dependent manner. In addition, we examined the anti-allergic
effect of ETZL in histamine induced HaCaT cells. ETZL inhibited the
histamine-induced production of IL-6 and IL-8 in HaCaT cells without
cytotoxicity. Our results suggest that Z. latifolia might be a good
candidate for the prevention of allergic reaction.
Keyword : Zizania latifolia, HaCaT keratinocyte, RBL-2H3 mast cells
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Genomic Approach to Discover New Piperazic Acid-Containing
Secondary Metabolites by Utilizing an Actinomycete DNA Library

Transcriptome Analysis of Anti-Inflammatory Effects of
Diosmetin in LPS-Activated RAW264.7 Cells

Daniel Shin, Donghee Woo, Woong Sub Byun, Sang Kook Lee,
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Dong-Chan Oh
Natural Products Research Institute, College of Pharmacy, Seoul National
University, Seoul 08826, Republic of Korea

Eun Joo Lee, Yong-Hyun Kim, Seung-Hoon Lee, Chung-Wook Chung,
*
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Since the monamycins were first discovered from Streptomyces
jamicensis in 1959, piperazic acid-containing natural products have been
isolated from various sources in nature. Due to their important biological
activities including antitumor and cytotoxicity, numerous compounds
harboring piperazic acid have been getting attention. However, the
traditional bioassay-guided discovery of bioactive natural products
bearing piperazic acids requires a series of laborious and time consuming
tasks. Starting from the recently reported genetic information of two key
piperazic acid biosynthesis enzymes, l-ornithine N-hydroxylase and
N-N bond formation enzyme, we designed sets of oligonucleotides
targeting the genes of these enzymes, separately. The designed primers
were applied to the DNA library of 1,000 actinomycetes strains that we
built, and dozens of strains were identified as potential producers of
piperazic acid-containing compounds. By cultivating identified strains
with various media, it was able to discover a series of new piperazic
acid-containing cyclic peptides with anti-proliferative activity against
human cancer cell lines. This result demonstrates that this DNA
library-based genome mining is a useful tool to discover new natural
products with a piperazic acid moiety.
Keyword : Piperazic acid, Genome mining, DNA library

In the present study, we screened candidate phytochemicals which
possess the strong anti-inflammatory effects from commercial natural
product library (Selleckchem, L1400) using LPS-stimulated RAW264.7
cells. Finally, five different kinds of phytochemicals (chrysin, diosmetin,
st
emodin, tanshinone I, piperlongumine) were selected from the 1
screening. All selected phytochemicals decreased nitric oxide production
in a dose-dependent manner in LPS-activated RAW264.7 cells without
affecting cell viabilities. Among the selected phytochemicals, diosmetin
was chosen for the further experiment. RNA-seq analysis was conducted
to detect global gene expression changes by diosmetin treatment in
LPS-treated RAW264.7 cells. The result showed that 977 genes were
up-regulated, whereas 389 genes were down-regulated by diosmetin
treatment. Although expression changes of various genes were detected,
KEGG pathway enrichment analysis showed the majorities of differentially
expressed genes were enriched on cytokine production, cytokinemediated signaling pathway and regulation of immune system. Overall,
these results may help to understand the molecular mechanisms of
anti-inflammatory effects mediated by diosmetin.
Keyword : Anti-inflammation, diosmetin, RNA-seq analysis
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Discovery of New Secondary Metabolite from an Intestinal
Bacterial Strain of the Wharf Roach, Ligia exotica
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Marine ecosystem is the largest part on the Earth, and marine associated
microorganisms are widely recognized as massive source of natural
product with pharmaceutical potential. It is being increasingly
demonstrated that marine invertebrates harbor diverse microorganisms
capable of producing bioactive secondary metabolites. The wharf roach,
belonging to order Isopoda in subphylum Crustacea, lives on rocks on
seashore. In our research, we isolated an actinobacterial strain (#GET02)
from the gut of the wharf roach, Ligia exotica, and analyzed its secondary
metabolites by LC/MS. As a result, the new secondary metabolite,
polyketide compound (GET02.316), was identified. The planar
structure of GET02.316 was confirmed through NMR, MS, and UV
spectral analysis.
Keyword : Actinobacteria, Ligia exotica, secondary metabolite
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Transcriptome Analysis of Anti-Proliferative and Pro-Apoptotic
Activities of Neferine in Human Colorectal Cancer HCT116 Cells
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Neferine is a bis-benzylisoquinoline alkaloid isolated from the seed
embryo of Nelumbo nucifera and it is known to have various
pharmacological activities such as anti-cancer, anti-depressant and
anti-arrhythmic action. In the present study, we investigated the
anti-proliferative and pro-apoptotic activities of neferine in human
colorectal cancer HCT116 cells. Neferine decreased cell viabilities in
a dose-dependent manner, and it increased the expression of
pro-apoptotic gene NAG-1. To understand molecular mechanisms of
anti-proliferative and pro-apoptotic activities mediated by neferine, we
performed RNA-seq analysis. The result showed that 1,563 genes were
up-regulated by neferine treatment, whereas 1,945 genes were
down-regulated. Although expression changes of various genes were
detected, KEGG pathway enrichment analysis showed the majorities of
differentially expressed genes were enriched on regulation of apoptosis
and cell cycle. Overall, our findings may help to understand the molecular
mechanisms of anti-proliferative and pro-apoptotic activities mediated
by neferine.
Keyword : HCT116 cells, Neferine, RNA-seq
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RNA-Seq Analysis of Anti-Proliferative and Pro-Apoptotic
Activities of Chrysin in Human Colorectal Cancer HCT116 Cells
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In the present study, we screened candidate phytochemicals which
possess the strong anti-proliferative effects from commercial natural
product library (Selleckchem, L1400) based on cell viability assay.
Finally, five different kinds of phytochemicals (chrysin, diosmetin,
st
emodin, tanshinone I, piperlongumine) were selected from the 1
screening. All selected phytochemicals decreased cell viabilities in a
dose-dependent manner in HCT116 cell. Among the selected
phytochemicals, chrysin was chosen for the further experiment.
RNA-seq analysis was conducted to detect global gene expression
changes by chrysin treatment in HCT116 cells. The result showed that
330 genes were up-regulated, whereas 828 genes were down-regulated
by chrysin treatment. Although expression changes of various genes
were detected, KEGG pathway enrichment analysis showed the
majorities of differentially expressed genes were enriched on regulation
of apoptosis and cell cycle. Overall, our findings may help to understand
the molecular mechanisms of anti-proliferative and pro-apoptotic
activities mediated by chrysin.
Keyword : Apoptosis, Chrysin, HCT116 cells
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Silk Peptides That Can Be Used for Various Purposes
*

You-Young Jo , HaeYong Kweon, Sang Deok Ji, Jong Gil Kim, Kee Young
Kim, Su Bae Kim, HyunBok Kim, Wan Taek Ju, Ji Hae Lee
Sericultural&Apicultural Materials Division, National Institute of
Agricultural Science, RDA, Wanju 565-851, Republic of Korea

In the past, a silk cocoon was used only as a silk thread woven silk cloth.
In modern times, silk has been transformed a lot such as soaps, toothpaste,
cosmetics, seasonings, functional foods, and medical materials. In order
to use cocoon as a variety of materials, it is essential to make silk peptide
by dissolving cocoon. Currently, the most popular method is to use acid
hydrolysis to make small molecule peptides and neutral salts to make
polymer peptides. All of these methods are time consuming and costly
to remove acids and neutral salts used to dissolve silk. Thus, in this study,
silk peptides with different properties were produced with reduced time
and cost. The developed silk peptide preparation method can reduce the
time required for desalting from the conventional 3 days to 1 hour and
the drying method also uses the room temperature or hot air drying, so
that the cost for freeze drying can be remarkably reduced.
Keyword : Silk peptide, cocoon
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SNUP-D, a New Macrocyclic Lactone and Its Biosynthetic Gene
Cluster from an Actinomycete Strain
*

Immunological Activity of the Extracts of Silkworm Paecilomyces
tenuipes
*

You-Young Jo , HaeYong Kweon, Wan Taek Ju, Ji Hae Lee
Sericultural&Apicultural Materials Division, National Institute of
Agricultural Science, RDA, Wanju 565-851, Republic of Korea

A new metabolite, named SNUP-D, was discovered from an
actinomycete strain by LC/MSchemical analysis. The planar structure
of the compound was determined as a new macrocyclic lactone by
spectroscopic analysis including NMR and MS. The absolute
configuration of SNUP-D was analyzed by the combination of multiple
spectroscopic methods and chemical derivatizations. Firstly, the relative
configuration of SNUP-D was established by J-based relative
configuration analysis. Then the absolute configurations of three chiral
center containing secondary hydroxyl groups were determined by the
modified Mosher’s method. However, a stereogenic center bearing a
hydroxyl group could not be assigned because this alcohol could not be
esterified by the Mosher’s reagent because of steric hindrance due to the
2 neighbored methyl groups. Then, the chiral bidentate solvent method
13
developed by Kishi was applied. By the careful analysis of the C-NMR
spectral data of SNUP-D both in (S,S) and (R,R)-BMBA (bis-amethylbenzylamides), the absolute configuration of this chiral center
was established. Furthermore, by analyzing the full genome data of the
producing actinomycete strain, its biosynthetic gene cluster was
identified. The amino acid sequence analysis of the ketoreductase
domains of the biosynthetic gene cluster confirmed the established
absolute configurations of the secondary alcohols in the main
macrocyclic lactone framework.
Keyword : Actinomycete, macrocyclic lactone, absolute configuration

Cordyceps is one of the medicines that are sold at very high prices because
of its various efficacies. At the Korea Food Research Agency, only two
species of mulberry tree Cordyceps and snow flower caterpillar fungus
are registered for food use. Silkworm Paecilomyces tenuipes is one of
the snow flower caterpillar fungus. This is done by inoculating
paecilomyces tenuipes to 5-year-old silkworms and then raising
silkworms until they become pupae. This pupa was removed from the
cocoon and cultivated at moderate temperature and humidity, allowing
it to be mass produced in a farm. In this study, we made water extracts
and alcohol extracts of various conditions from silkworm Paecilomyces
tenuipes. The extracts were observed for their innate immunity and
acquired immunity. The optimal conditions for maximizing immune
activity were selected based on the difference of immune activities
according to the extraction conditions.
Keyword : Immunological Activity, Silkworm, Paecilomyces tenuipes
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Anti-Obesity Activity of Seaweed Spore Derived Monosaccharides
Mixture by Acidic Saccharification
Eun Joo Kim, Su Jung Kim, Kwang Min Lee, Jin Woo Kim, Je Hyeon Lee
Dynebio inc. B-B205 Woolimlions Valley II, 14 Sagimakgol-ro, 45beon-gil,
Jungwon-gu, Seonam-si, Gyeonggi-do 13209, Republic of Korea

Seaweed has an abundant of bioactive substances. Among them, the
fucoidan is a well-known bioactive substance that sugar polymer
includes 10 over sulfated fucose. Specially, the fucoidan is accumulated
in spore region of Seaweed. However, fucoidan is too hard for determine
the biological activity, because of the highly polymerized compound
with diverse molecular size. Hence, in this study, we separated the
fucoidan to monosaccharides using by sulfonic acid saccharification at
150℃ for 40min. The saccharified components were included fucose,
mannitol, galactose etc. and fucose was about 24±3% versus HPLC
analyzed ingredients. Also, we more purified the fucose upto 99.9%
using by simulated moving bed (SMB) continuous chromatography for
determine biological activity of fucose. The high pure fucose was
decreased lipid accumulation by 52.7±4.5% compared to that of treated
free fatty acids mixture HepG2 cell and 66.4±6.4% compared to that of
differentiated 3T3-L1 cell, respectively. For adipogenesis, well known
key transcriptional factors as peroxisome proliferator-activated receptor
gamma (PPAR-γ), CCAAT/enhancer binding protein alpha (C/EBP-α)
and sterol regulatory element-binding protein 1c (SREBP1c). The
seaweed spore derived fucose was significantly reduced these
transcriptional level that 0.7 folds (PPAR-γ), 0.4 folds (C/EBP-α) and
0.4 folds (SREBP1c) compared to that of differentiated 3T3-L1 cell,
respectively. In the case of the triglyceride lysis, the seaweed spore
derived fucose was 1.2 folds increased gene expression level of lysis
enzyme as a Lipoprotein lipase (LPL). LPL serves to transfer
decomposed triglycerides to the liver. In addition, the seaweed spore
derived monosaccharides mixture was decreased lipid accumulation by
60.6±3.7% compared to that of treated free fatty acids mixture HepG2
cell. In conclusion, the seaweed spore derived monosaccharides mixture
included fucose as an effective substance can be inhibited the
biosynthesis of free fatty acids in the adipocyte and liver and promoted
the lysis of triglyceride, hence, it can be developed to functional food
compound in the future.
Keyword : Seaweed spore, fucose, functional food
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A New Polyene Compound from a Beetle-Associated Bacterium
*

Sunghoon Hwang, Dong-Chan Oh
Chemistry of Natural Products Laboratory, School of Pharmacy, Seoul
National University, Seoul, Republic of Korea

Microbes associated with gut of insects are great sources of undiscovered
bioactive natural products. For this reason, we tried to isolate
actinobacteria from internal gut of beetles. As a result, a Streptomyces
sp. strain was isolated from SC agar medium. When analyzed the
secondary metabolites from the strain by LC/MS, an interesting polyene
compound was found. After cultivation, extraction, and purification, the
structure of this compound was confirmed by 1D and 2D NMR
spectroscopic data. This compound has structurally unique moieties
including a heteroaromatic ring and modified amino acids. This
compound has three chiral centers in the structure and they were all
determined by multiple chemical reactions and J-based configuration
analysis. More interestingly, this compound has a moderate
antimicrobial activity to several pathogenic microbes in in vitro MIC test.
Keyword : Insect, antimicrobial activity, streptomyces
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Production of Antioxidant Material from Deinococcus sp. for
Application of Cosmetics
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ChaeYeon Kim, Eunkyung Hong , Jua Kim , Se Eun Jin , JeongKyun Yoo ,
Su Young Kim*, Jun Seok Baek*, Young Soo Kim*
Materials Science Research Institute LABIO Co., Ltd. Seoul, Republic of
Korea

An extremophile bacterium Deinococcus sp. is well known as
radioresistant bacterium. Deinococcus sp. cells product antioxidant
materials, carotenoid compounds such as beta carotene, xanthine,
lycopene, squalene. Microorganism cultured in TFY (Tryptone 5 g/L,
Fructose 10 g/L, Yeast extract 5g/L, potassium phosphate dibasic 1 g/L)
media, 30 ℃, 180 rpm in flask level. The highest cell density was 2.5
optical density at 620 nm in their stationary phase (after 60 h). We tested
cell density 5 L using jar fermenter, stationary phase (after 54 h) cell
density 12.75 O.D. at 620 nm. These results suggest the fermentation
of Deinococcus sp. has the possibility of industrialization and it could
be sued as an active ingredient for cosmetics. Also we measured free
radical scavenging ability (DPPH assay) because of antioxidant efficacy
for application of cosmetics active compounds. Antioxidant effect
measured two part at Deinococcus sp. cultured media supernatant,
centrifuging pellet each. The highest free radical scavenging ability is
70% at 60 h cultured media supernatant. As a result, Deinococcus sp.
cultured media is able to use active material for skin antioxidant that basis
of skin cosmetics.
Keyword : Cosmetics, Antioxidant, fermentation
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Identification of Streptimidone Derivatives from Microbial Culture
Extracts Using a Tandem Mass Library

Odoribacter splanchnicus Exerts Anti-Proliferative Effects
Accompanied by Apoptotic Cell Death in Colon Carcinoma Cells

Byeongsan LEE1,2, Sangkeun Son1, Jae Kyoung Lee1, Dong-Jin Park3,
Chang-Jin Kim3, Bang Yeon Hwang2, Jae-Hyuk Jang1, Young-Soo Hong1*
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of Pharmacy, Chungbuk National University, Cheongju 28160, Republic of
Korea, 3Industrial Bio-material Research Center, Korea Reaserch Institute
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Seung-Hyeon Choi , Jung-Sook Lee , Young-Min Kim , Ju-Huck Lee1*
1
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, 3Department
of Food Science & Biotechnology, Chonnam National University, 300
Yongbong-Dong, Bukgu, Gwangju 61186, Republic of Korea

Microbial secondary metabolites, which possess diverse chemical
structures and intriguing biological activities, have been considered as
an important resources for therapeutic agents and drug leads. However,
re-isolation of common or known compounds is a major problem in the
conventional isolation techniques. Dereplication technique is of great
importance at an early stage of the natural product separation in the drug
discovery process. In this study, dereplication-guided isolation method
with LC-MS has been applied for the identification of derivatives of new
secondary metabolites from an in-house library of actinomycetes culture
broths. With this strategy, the production of glutarimide related
compounds be examined by using tandem mass fragmentation analysis
and selected a Streptomyces sp. W3002 strain by examining the extracts
of approximately 400 actinomycetes culture broths. Four new
streptimidone derivatives (2~5) along with a known streptimidone (1)
were isolated from the ethyl acetate extract of a culture broth of
Streptomyces sp. W3002 strain. Their structures were elucidated on the
basis of mainly various 1D and 2D NMR and mass spectrometry
analyses.
Keyword : Streptomyces, Glutarimide, streptimidone
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Natural Products Research Institute, College of Pharmacy, Seoul National
University, Seoul 08826, Republic of Korea, 2Department of Agricultural
Biotechnology, College of Agriculture & Life Sciences, Seoul National
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University, Seoul 08826, Republic of Korea, Department of Chemistry and
Nanoscience, Ewha Womans University, Seoul 03760, Korea, 4Animal
Welfare Division, Seoul Zoo, Seoul Grand Park, Gyeonggi-do 13829,
Republic of Korea

Cell-free supernatant(CFS) of 100 different gut bacteria were tested for
in vitro cytotoxicity on diverse cancer cell lines, determined by cell
viability assays. The 23 different gut bacteria had significant
antiproliferative activities against human colon carcinoma cell. A
dramatic decrease in viability of colon cancer cells co-incubated with
CFS(Odoribacter splanchnicus) for 3days was detected by 50% for
murine (CT26) and human (HCT116) colon carcinoma cell lines,
whereas the O.S CFS did not retard growth of normal colon cell line.
Specifically, the O.S CFS exhibited a concentration-dependent
anti-proliferative activities against human colon carcinoma cell lines.
In addition, the O.S CFS induced apoptotic cell death in HCT116 cell
as revealed by annexin V and propidium iodide staining. We confirmed
potential anti-tumour responses by an experimental tumor model.
Subsequently, subcutaneous tumours were generated in the
pre-inoculated mice using CT26 murine colon carcinoma cells and were
assessed for response against the tumour. Oral daily administration of
the live O.S for 14 days inhibited CT26 cell growth in mice of
tumour-bearing mice compared with mice administered PBS, resulting
in approximately 45% reduction in tumor volume of treated mice. In
addition, the in vivo activity of CFS O.S CFS administered. Every 2-3
days, the CFS have been peritumorally injected in tumour-bearing mice.
The results showed that the CFS O.S CFS could inhibit the growth of
pre-established tumor by 32%. Consequently, our results give evidence
for beneficial delaying tumour formation, anti-proliferative and
apoptotic effects driven by this O.S.
Keyword : Gut microbiota, Colon caner, Apoptosis
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Carrion beetles (Coleoptera, Silphidae), which utilize carcasses for their
nutrient sources and spawning grounds, have interesting characteristics
in their ecology. As carrion beetles utilize carcasses, they are inevitably
exposed to carrion-derived microorganisms that could be pathogenic for
their offspring and themselves. Nevertheless, the ways of protecting
themselves from the pathogens have not been investigated yet even
though carrion beetles possess distinctive gut microbiota communities
differently from those of other feeding type insects. Nicrophorusamides
A and B (1-2), antibacterial cyclic peptides, were discovered from
Microbacterium sp. #UTG9 which was isolated as an intestinal
bacterium of carrion beetles Nicrophorus concolor. Another series of
peptides, UTJ3.922A, 922B, and 908 (3-5) were isolated from
Streptomyces sp. #UTJ3, a gut bacterium of Silpha perforata. Two linear
peptides [UTZ13.928 and UTZ13.910 (6-7)], were unearthed from the
Streptomyces sp. #UTZ13 from symbiotic mites of Nicrophorus
concolor. The planar structures of 1-7 were determined via
chromatographic isolation and spectroscopic data analysis. The absolute
configurations of non-ribosomal peptides (1-7) were identified by
chemical derivatizations and spectroscopic data analysis.
Keyword : Actinobacteria, bacterial secondary metabolites, carrion beetles
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Cudrania tricuspidata Leaf Extract Supplemented Milk Fermented
with Lactobacillus gasseri 505 Prevents Hepatic Toxicity Induced
by Colorectal Cancer in Mice
*

Jae Yeon Joung, Jung Mi Im, Shin Ho Kang
R&D center, Seoul Dairy Cooperative, Ansan, Kyunggi 15047, Republic of Korea

Colorectal cancer (CRC) is known to be a life threatening disease that
can develop inflammatory pathways. Fermented milk that included a
synbiotic combination of Lactobacillus gasseri 505 (505) and Cudrania
tricuspidata leaf extract (CT) resulted in significantly greater
anti-oxidative effects thanfermented milk without CT in our previous
study. Therefore, we hypothesized that the fermented milk containing
CT and 505 (FCT) could result in hepatoprotective effects against
CRC-induced liver metastasis. Liver inflammation and CRC were
induced in male C57BL/6J mice, using azoxymethane/dextran sodium
sulfate, and 505, CT, and FCT were administered to the three
sample-treated 505, CT, and FCT groups, respectively, for 10 weeks. The
results showed that FCT treatment significantly reduced serum AST and
ALT levels and elevated the albumin levels. Moreover, histological
analysis showed that hepatic steatosis was notably reduced in the FCT
group. Among the three sample-treated groups, the expression of mRNA
associated with enzymes showing anti-oxidativeactivities, such as SOD,
CAT, and GR, was the highest in the FCT treated mice. In addition, FCT
administration resulted in the greatest anti-inflammatory activity, as
inflammatory marker levels (i.e., TNF-α, COX-2, MPO, and NF-κB)
were significantly downregulated at the mRNA level and the expression
of proteins associated with the NF-κB and MAPK signaling pathways
was suppressed by FCT. Therefore, this study demonstrated that
fermented milk containing novel synbiotics has the potential to prevent
hepatic toxicity induced because of CRC owing to its enhanced
anti-oxidative and anti-inflammatory activities.
Keyword : Colitis-associated colorectal cancer, hapatic toxicity, synbiotics
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Seon-Ok Lee, Hyo-Jeong Lee*
Department of Science in Korean Medicine, Graduate School, Kyung Hee
University, Hoegi-dong, Dongdaemun-gu, 130-701, Seoul, Republic of Korea

Rhus verniciflua Stokes is an Eastern Asian tree species that is used as
a food supplement and traditional medicine for a long time in Korea.
However, its use is restricted by its potential to cause allergy.
Allergen-free R.verniciflua extracts are currently being marketed as a
functional health food in Korea. In the present study, three different
allergen-free R.verniciflua extracts (FRVE, and FFRVE) were produced
by fermentation of R. verniciflua, and their properties and constituents
were compared. Two different kinds of allergen-free extracts were
compared main components, antibacterial, antioxidant, anti-cancer
activity, and hepatic lipogenesis inhibitory effects. Moreover, the major
phenolic constituents of R. verniciflua, including gallic acid, fustin,
fisetin, and quercetin, were analyzed in the three extracts. FRVE was
more effective for scavenging of DPPH than FFRVE. FRVE was superior
to the other extract in antimicrobial activity and anti-hepatic lipogenic
effect. FRVE had a lipid-lowering potential by decreasing SREBP-1 and
TG and increasing PPAR alpha and activation of AMPK in an in vitro
non-alcoholic fatty liver disease model. Overall, our findings demonstrate
various differences between the two extracts. This suggests that
functional and bioactive compounds present in R. verniciflua could be
altered by the fermentation process, and this property could be
considered in the development of functional health foods in the future.
Keyword : Rhus verniciflua Stokes, Fermentation, Bioactivity
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Evaluation of the Antioxidant Activities and Inhibition of COX-2
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Red yeast rice (RYR) is a kind of rice that fermented by the red fungi
Monascus purpureus. RYR is a common ingredients in China where it
has been used for centuries as a traditional medicine. In this investigation,
we evaluated the anti-oxidative potential and anti-inflammatory
activities on lipopolysaccharide (LPS)-induced RAW 264.7 macrophages.
It was implemented through DPPH radical scavenging activities assay
to confirm anti-oxidative effects of the RYR in cell free level. The
anti-inflammatory effects of RYR were confirmed with MTT, nitric
oxide (NO) production assay, and western blot in RAW264.7 macrophage.
Consequently, the anti-oxidant activity of RYR was increased around
2 times in 800 ug/mL than non-fermented rice. Also, the anti-inflammatory
effects of RYR were accompanied by decreases in the protein
expressions of the inflammatory mediators cyclooxygenase-2 (COX-2),
and suppression of nitric oxide production in LPS-induced RAW 264.7
cells. In conclusion, RYR extracts were confirmed that have higher
anti-oxidant activities and reducing the inflammatory response on
suppressing the inflammatory mediators such as COX-2 in vitro.
Keyword : Antioxidant, Anti-inflammation, Red yeast rice
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Comparison of the Main Components and Bioactivity of Rhus Verniciflua
Stokes Extracts by Different Fermentation Processing Methods

Production of C50 Carotenoid by Haloferax sp. and Antioxidant
Activity
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2
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Carotenoids are the most abundant pigments in nature and have
beneficial effects on human health as antioxidants. As the major
representative of the C50 carotenoids, haloarchaea produce bacterioruberin
(BR), dipolar C50 carotenoid with 4 hydroxyl groups. Although
carotenoid production by haloarchaea was first reported in the 1960s,
there have been few studies reporting the haloarchaeal carotenoids. In
this study, we isolated C50 carotenoid-producing Haloferax sp.
MBLA0078 and identified the C50 carotenoid extracts which contain BR
and its precursors (IDR, MABR, and BABR) by TLC, HPLC, LC-MS
and spectroscopic characteristics. Carotenoid production was enhanced
by optimizing the carbon (glucose; 0.1-1.5%) and nitrogen sources (fish
peptone; 0.1-0.5%), and salinity (NaCl; 3-30%). The evaluation of
antioxidant activity of C50 carotenoid extracts revealed that the extracts
showed higher antioxidant activities compared to the standard
antioxidants (β-carotene, trolox, BHT, and L-ascorbic acid) as measured
by DPPH, ABTS and FRAP assay. These results suggest that the C50
carotenoid-producing Haloferax sp. MBLA0078 can be considered as
a promising new microbial source with antioxidant ability.
Keyword : Carotenoid, Haloferax, antioxidant
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Effect of New Herbal Mixture, ACG-1 on Blood Flow
Improvement

Highly Oxygenated Glycosylated Angucycline Derivative from
Streptomyces sp.
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Circulatory disorders are associated with chronic diseases such as
metabolic syndrome such as obesity, diabetes, hypertension, and
dyslipidemia. In particular, the mortality rate of cerebrovascular disease
and coronary artery disease is higher than the sum of all kinds of cancer.
In previous studies, Angelica gigas suppressed platelet aggregation,
Cynanchum wilfordii improved atherogenic risk factors, and Ginkgo
biloba improved peripheral blood circulation. Based on these results, the
effect of ACG-1, a combined formula of these 3 herbs, was tested on
animal models of circulatory disorder. In obese ICR mice induced by
12 weeks of high-fat diet feeding, ACG-1 was treated at 3 different doses
(75, 150 and 300 mg/kg, n = 8~10). ACG-1 did not lower the blood
glucose concentration, but at 150 mg/kg, ACG-1 extract lowered the
triglyceride, total cholesterol and HDL levels (p <0.05) compared to the
high-fat diet fed animals. These results suggest that ACG-1 may reduce
the risk of atherosclerosis and coronary artery disease. Thus, the
possibility of using ACG-1 as a replacement or supplement for blood
flow improvement is highlighted.
Keyword : Angelica gigas, Cynanchum wilfordii, Ginkgo biloba
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The augucycline group of natural product are derived from type II
polyketide synthase (PKS) and show various biological activities. The
glycosylation leads enhancement of chemical diversity and can
influence the pharmacological properties of aglycones. Thus,
glycosylated angucycline is attractive class for chemical and biological
diversity. The strain Streptomyces sp. was isolated from soil sample of
oedolgae in Jeju Island. The LC-MS-UV data of the culture extract
showed the unusual metabolite, which possessed rare MS and UV data
compared with the public and in-house databases. Compound 1, highly
oxygenated glycosylated angucycline, was isolated from the cultures of
the strain by silica gel chromatography and HPLC. The structure of this
compound was elucidated by detailed NMR and MS spectroscopic
analyses. Positions of angular hydroxyl groups were determined by
13
HMBC correlation of exchangeable protons and comparison with C
chemical shifts on DMSO-d6. Relative configuration was established by
ROESY experiment. Absolute configuration was determined by
experimental and calculated electronic circular dichroism (ECD) data.
Test for biological activity was in progress.
Keyword : Streptomyces sp., Augucycline, Glycoside
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Antifungal Synergistic Effect of Artemisia capillaris Thunberg and
Rosa hybrida Hortorum against Candida albicans Causing
Vaginitis
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Deinococcus radiodurans has extremely resistance to a range of
remarkable environmental stresses including ionizing radiation,
desiccation, and oxidizing agents. Its extraordinary resistance is caused
by unique biophysical features and cellular mechanisms, such as superior
activity of antioxidants and extraordinary DNA repair system. Most of
Deinococcus sp. has clusters of gene implicated in exopolysaccharides
(DeinoPol) biosynthesis which might facilitate biofilm formation to
protect from extreme extracellular stress. However, the protective effect
of DeinoPol against ROS induced cellular damages and its mechanisms
remains poorly understood. In this study, we first characterized
carbohydrate compositions of DeinoPol, and found its inhibiting effect
on cell death of human keratinocytes by gamma irradiation and UV.
Mechanism studies demonstrated that hydroxyl radical in human
keratinocytes induced by UV was directly scavenged by DeinoPol.
Moreover, DeinoPol potently inhibited UV-induced Bax expression,
which is responsible for the apoptosis pathway, via inducing expression
of Bcl-2. Taken together, the present study suggests that DeinoPol can
protect cell damages from extracellular oxidative stress by
anti-oxidative and anti-apoptotic effects, and therefore could be applied
for preventing and/or treating cellular damages or skin diseases caused
by oxidative stress.
Keyword : Deinococcus radiodurans, Exopolysaccharides, Oxidative stress
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Candida albicans is the causative agent of vulvovaginal candidiasis.
There are drugs for treatment of C. albicans, but these have side effects
and drug interaction problems. Natural products, which have been used
as medicines for a long time, can be alternative treatments without these
drawbacks. In this study, we propose a mixture of Artemisia capillaris
Thunberg and Rosa hybrida Hortorum, which are antifungal natural
products that enhance the efficacy through synergistic action as a
preventive material for female genital diseases. Two plants were
extracted twice with 100℃ water for 4 hours, concentrated at 55 ~ 66℃,
20 ~ 25 brix and spray dried. The synergistic activity of the extracts were
evaluated by the checkerboard assay with the inoculum preparation of
CLSI M27-A2 standard method. Both extracts had antifungal activity,
and the synergistic effect of the mixture was more than twice as high as
that of individual extracts in the range of 0.020 to 0.015 g/L of Artemisia
capillaris Thunberg extract and 0.062 to 0.047 g/L of Rosa hybrida
Hortorum extract. This synergistic activity was confirmed by observation
in the mixture of the respective antifungal substances contained in the
two natural extracts.
Keyword : Candida albicans, synergistic antifungal activity, plant extract

Protective Effect of Deinococcal Exopolysaccharides (DeinoPol)
for Radiation Induced Oxidative Stress
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Anti-Melanogenesis Effect of Ethanol Extract from Xanthium
canadense
Yong Tae Jeong, Chul Hwan Kim, Jin-Woo Jeong, Min Jin Kim, Young
Taek Oh, Su Young Shin, Jung Hye Eom, Pyo Yun Cho, Buyng Su Hwang*
Animal & plant utilization team, Nakdonggang national institute of
biological resources, Sangju 37242, Republic of Korea

The purpose of this study was to investigate melanogenesis inhibitory
activity of ethanol extract from Xanthium canadense. Aerial part (XC-A)
and subterranean part (XC-S) were extracted from X. canadense with
70% ethanol. XC-A (27.4%) and XC-S (16.8%) were inhibited the
melanogenesis compared with control in B16F10 cell. Especially, XC-A
was showed lowest melanin content in B16F10 cell among the XC-S.
XC-A inhibited melanogenesis of B16F10 cell in a dose-dependent
manner. XC-A presented inhibition of the body pigmentation in vivo
zebrafish model. These results suggest that ethanol extract from X.
canadense. may be an effective whitening agent.
Keyword : Melanogenesis, ethanol extract, Xanthium canadense
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Jae-Yong Kim, Sang Hee Shim*
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Chemical investigation of the ethyl acetate extract of an endophytic
fungus, Alternaria brassicae JS959 derived from a halophyte, Vitex
rotundifolia, led to the isolation of a new chromone, (2′S)-2-(2-acetoxypropyl)7-hydroxy-5-methyl-chromone (1), along with sixteen known compounds:
a chromone (2), twelve benzopyranones (3-14) and three perylenequinones
(15-17). The chemical structures of the isolated compounds were
identified by extensive spectroscopic data analysis including 1D, 2D
NMR, HRESIMS, and optical rotation. Of these compounds, 1 and 2
2+
showed inhibitory activity on Cu ‒induced low density lipoprotein
(LDL) and high density lipoprotein (HDL) oxidation in human blood
plasma. The results suggest that metabolites of endophytic microbes
could be a good strategy for the prevention of heart disease.
Keyword : Alternaria brassicae, Alternaria brassicae, Lipoprotein
oxidation
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The Inhibitory Effect of a Novel Butyrate-Producing Bacteria on
Colorectal Cancer
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Gut microbiota plays a role in the digestion of non-digestible fibers and
generating beneficial small-molecule metabolites. In particular, the
family Lachnospiraceae has attracted a great deal of attention due to
microbial-derived metabolites such as short chain fatty acids (SCFAs).
Among SCFAs, butyrate has been reported to reduce inflammation and
pathogen colonization, and produce mucins and antimicrobial peptides.
To research the roles of butyrate producers in human gut, we isolated
a novel butyrate-producing bacterium from a healthy Korean feces and
studied its function in diseases associated with gut dysbiosis. Strain
T
KGMB01110 belonging to the family Lachnospiraceae produced
butyrate as major end product of carbohydrate fermentation through
conserved two butyrate synthesis pathways. Furthermore, strain
T
KGMB01110 showed the anti-proliferation by apoptosis in human
colon cancer cells and anti-tumor effect in murine colorectal cancer
model.
Keyword : Gut microbiome, Butyrate, Colorectal Cancer
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Chromones with Lipoprotein Oxidation Inhibitory Activity from
an Endophytic Fungus Alternaria brassicae JS959 Derived from
Vitex rotundifolia

Study of Biosynthesis and Bio-Activities of Novel THN Derivative
from Nocardia sp. CS682
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University, 70 Sunmoon-ro 221, Tangjeong-myeon, Asan-si, Chungnam
31460, Republic of Korea, 2Department of Pharmaceutical Engineering and
Biotechnology, Sun Moon University, 70 Sunmoon-ro 221, Tangjeong-myeon,
Asan-si, Chungnam 31460, Republic of Korea

Nocardia sp.CS682, has been characterized as prominent producer of
nargenicin A1, which isan effective antibacterial against several
Gram-positive bacteria. The complete genome sequencing of Nocardia
sp. CS682 was obtained and used for in-silico genome mining
approaches, which provided clue for presence of diverse biosynthetic
gene clusters (BGCs). In order to obtain other secondary metabolites,
the entire biosynthetic gene cluster of nargenicin A1 was inactivated.
Hence, a novel THN derivative was isolated as the major metabolites
from the deletion mutant Nocardia sp. CS682DR. The compound was
characterized by mass spectrometric and NMR spectroscopic analysis.
The assessment of various bioactivities revealed that the compound
possessed promising UV-protection activities.Thus analysis of genomic
information coupled with metabolite profiling and activity assessment is
effective strategy for uncovering novel compounds with new activities.
Keyword : Nocardia sp, THN derivative, UV-protection activities
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Studies for the Acetylation of Nodusmicin by ngnB from Nocardia
sp. CS682
Vijay Rayamajhi1, Dipesh Dhakal1,2, Rubin Thapa Magar1, Jae Kyung
Sohng1,2*
1
Department of Life Science and Biochemical Engineering, Sun Moon
University, 70 Sunmoon-ro 221, Tangjeong-myeon, Asan-si, Chungnam
2
31460, Republic of Korea, Department of Pharmaceutical Engineering and
Biotechnology, Sun Moon University, 70 Sunmoon-ro 221, Tangjeong-myeon,
Asan-si, Chungnam 31460, Republic of Korea

NgnB is a lipase which belongs to the alpha/beta hydrolase
superfamily.Nodusmicin is a compound which we isolated from
Nocardia sp.CS682. In this study, we reported that ngnB the substrate
nodusmicin. Both in-vivo and in-vitro studies were used to study the
functional role of ngnB gene in the acetylation of nodusmicin. High
resolution UPLC–ESI–QTOF–MS/MS used in positive mode and 1H
NMR analysis confirmed the acetylation of nodusmicin in 18-OH
position.
Keyword : Nodusmicin, Acetylation
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Antifungal Activity and Mechanism of Hydrophilic Linear Peptide
*

Jin-Young Kim, Mi-Kyeong Jang
Department of Polymer Science and Engineering, Sunchon National
University, Jeollanam-do 557922, Republic of Korea

Novel six antifungal peptides were designed with variable molecular
masses based on the HKK motif and evaluated the antifungal activity
of these HKK peptides at their MICs against 16 phytopathogenic and
human-pathogenic fungal strains, including drug-resistant C. albicans
strains. None of the HKK peptides induced significant hemolysis or
cytotoxicity against rRBCs or HaCaT cells, respectively. Based on our
mechanistic study, randomly coiled HKK peptides may easily penetrate
across the fungal cell wall and membrane and bind to the mitochondrial
membrane, due to strong electrostatic interactions. The bound peptides
induced mitochondrial damage, mitochondrial ROS, and cell apoptosis.
Our research supported the use of only cationic amino acids, particularly
histidine and lysine, as new design components for antifungal peptides.
Keyword : Antimicrobial peptides, Drug-resistant, Apoptosis
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In this study, we synthesized three chelation-free Zn (II) complexes
[ZnCl2 L2] of monodentate ligands with L= 2-isopropylimidazole (L1),
2-methylbenzimidazole (L2), and 2-methylbenzoxazole (L3) and
evaluated their antibacterial activity. The chelation free properties of
these organometallic complexes were characterized by UV-Vis
spectroscopy, 1H-NMR spectroscopy, and single X-ray crystallography.
Complexes 1-3 exhibited antibacterial activity against all antibiotic
susceptible bacteria within the range of 3.9-62.5 µg/ml while free ligands
L1 and L2 exhibited antibacterial activity above 250 µg/ml. Both
complexes 2, and 3 were twice more active against MRSA than complex
1. SYTOX green uptake and DNA binding assay revealed that complexes
2 may kill bacterial cells by cell wall degradation and inhibition of
translation and/or transcription upon cell lysis. DNA binding activity of
complexes 1-3 in the presence of 100 mM H2O2 indicates that ROS
generation may be an additional mechanism for antibacterial activity.
Further, the investigation is going on to find the exact mechanism of
action of complexes 1 and 3. Interestingly, complexes 1-3 showed high
cytotoxicity against Hep 3b (Liver cancer) cell line at 3.9 µg/ml with no
effect on the normal cell line. Taken together, our results suggest that
complexes 1-3 can be developed as a novel antimicrobial agent.
Keyword : Chelation free, Synergistic effect, Pore formation
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Streptomyces sp. KCTC-0041BP was isolated from Korean soil. It is
produced dihydrochalcomycin which shows anti-bacterial activities, is
a 16-membered macrolide antibiotic consisting of chalcose and
mycinose. However, culture broth of Streptomyces sp. KCTC-0041BP
shows the anti-bacterial and anti-fungal activities. Using different
solvents to extract the culture broth, we isolated Linearmycin analogs
which is proved by the analysis of HPLC coupled HR-QTOF ESI/MS,
1
H and 13C NMR.
Keyword : Streptomyces sp. KCTC-0041BP, linearmycin, antibiotic

Mechanism of Action for Antibacterial Activity of Chelation-Free
Zn (II) azole Complexes against Methicillin-Resistant
Staphylococcus aureus
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Adapting IOT-Based High-Value Microalgae Culture System and a
Study for Antioxidant Effect to Caenorhabditis elegans

Functional Mechanism of Rice Redox-Regulating Protein as an
Antifungal Agent
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Seong-Cheol Park, Mi-Kyeong Jang*
Department of Polymer Science and Engineering, Sunchon National
University, Republic of Korea

Caenorhabditis elegans has 19,000 genes that are similar to human
genes. C. elegans and humans have marine ragworms as a common
ancestor between 5-600 million years ago, the number of genes is similar
and there are numerous applications for human genetic and
morphological studies. On the other hand, astaxanthin from green
microalga Haematococcus pluvialis is one of the antioxidant materials
from the microorganisms. Astaxanthin is more than 500 times more
powerful antioxidant than vitamin E and can prevent disease that
threatens the survival of human beings such as anti-aging, cardiovascular
disease, diabetes and various cancer. It also has a powerful strengthening
eyesight for future society. H pluvialis need to change the temperature
and light intensity depending on cell morphological stages such as
biomass growth and carotenoid induction steps unlike general
microalgae which maintains constant light intensity, temperature and
humidity from the initial stage to the harvest stage at each strain.
Therefore, optimal culture conditions of H. pluvialis are important for
obtaining abundant antioxidants. The culture conditions were optimized
by internet of things (IOT) - based smart farm technology. Temperature,
humidity, light-intensity and pH of the culture medium were
continuously recorded from the initial culture stage of microalgae to the
stage of pigment accumulation and harvest. In this study, the optimal
growth and maximum pigment accumulation of H. pluvialis could be
made possible by using a photobioreactor combined with basic IOT
technology. And various carotenoid pigments from microorganisms and
plants such as astaxanthin, lycopene and β-carotene were used for
antioxidant effect to C. elegans life-span increase. Each carotenoid
pigment of 0.5, 5.0 and 50 μM was fed to Escherichia coli OP50 that
was being usually used for C. elegans food for studying life-span.
Carotenoid pigments accumulation E. coli op50 was eaten by C. elegans.
Superoxide dismutase (SOD), Catalase (CAT) and lipid peroxidation by
malondialdehyde (MDA) were analyzed.
Keyword : Antioxidants, IOT-based PBR, Haematococcus pluvialis
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Plants constantly face a variety of environmentalstresses, to which they
have evolved regulated responses to overcome theseadverse conditions.
For example, reactive oxygenspecies (ROS) are regulated as a signal
molecule in plant developmentand pathogen defense. This study
demonstrates the possible antifungal action ofOryza sativa
TetratricopeptideDomain-containing thioredoxin (OsTDX) protein
against various fungal pathogens.The transcript of OsTDX was induced
by various environmental stresses that generated ROS in plant cells. The
OsTDX protein showed a potent antifungal activity, ranging
between1.56 to 6.25 and 50 to 100 µg/mL of MICs against yeast and
filamentous fungi,respectively. The uptake of SYTOX Green into fungal
cells and efflux of calceinfrom artificial fungus-like liposomes
suggested its killing mechanism was viamembrane permeabilization
and damage. In addition, irregular blebs and holesapparent on the
surfaces of OsTDX-treated fungal cells indicated itsmembranolytic
action. Our results suggested that OsTDX protein might be apotentially
useful lead for the development of pathogen-resistant plants
(NRF-2016R1D1A3A03918533).
Keyword : Antifungal activity, reactive oxygen species, thioredoxin
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Clostridium difficile is the causal agent of antibiotic-associated diarrhea
and intestinal infection in individuals who have dysbiosis of the gut
microbiota following antibiotic treatment. Recently, both the number of
cases and mortality associated with C. difficile infection (CDI) have been
increasing. Current therapeutic strategy includes antibiotic therapy.
However, antibiotic use often leads to high recurrence rates and increases
risk of antibiotic resistance. New approaches are required to reduce the
risk. It was reported that metabolites of gut microbiome (GM) inhibit
the growth of C. difficile and colonization on the intestine. Thus, we
exploited the cell free culture supernatants (CFSs) of GM producing
antimicrobial agents for screening antibacterial activity against C.
difficile. To do this study, we isolated 100 GM from healthy human feces
and prepared the CFSs for antibacterial assays. As a result of the
antibacterial assays, one CFS of GM, called as GM 86, has more than
50% antibacterial activity against C. difficile. Additionally, we
determined that the antibacterial activity of GM 86 was highest when
incubation time of GM 86 was 30 hours. To further investigate about the
antibacterial agents of GM 86, we tested effect of enzymes, temperature
on antibacterial activity. As a result, the antibacterial activity was
significantly reduced by proteinases including pepsin and proteinase K
and heat of 100 ℃. Hence, we assumed that the antibacterial agents
against C. difficile was protein, bacteriocin. Finally, the CFS of GM 86
was precipitated to obtain the crude protein by ammonium sulfate
precipitation. The crude protein of GM 86’s CFS still had antibacterial
activity against C. difficile. As a further study, we need to purify the
bacteriocin and verify how the antibacterial agents inhibit the growth
of C. difficile. Altogether, this found will provide valuable information
in discovering alternative drug for prevention of CDI.
Keyword : Gut microbiome, antimicrobial protein, Clostridium difficile
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Bioaccessibility and Antioxidant Activity of Polyphenols in
Fermented Tea Leaves, Laphet, during in vitro Gastrointestinal
Passage
Bo Bo -, Jun-gu Kwak, Nam Soo Han*
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Horticultural, and Food Sciences, Chungbuk National University,
Chenongju 28644, Republic of Korea

Laphet is anaerobically processed fermented tea leaves which is the most
popular traditional fermented food in Myanmar. Eating habit of Laphet
is unique to Myanmar people as most tea products are only used for
drinking. However, the beneficial effects of Laphet regarding to
polyphenols have not been investigated yet. In order to investigate the
changes phenolic compounds during gastrointestinal passage, Laphet
samples were digested under simulated gastric and intestinal conditions.
Sampling was done before and at the end of each digestion. Total
polyphenol, total flavonoid, and antioxidant activities in the digestion
mixtures were analyzed. The total polyphenol content in solvent extract
of Laphet was 169.29 mg/g of sample dry weight. After gastric digestion,
81.62 mg/g of total polyphenol was available in the digestion mixture
and 87.61 mg/g after intestinal digestion, 86.41 mg/g after intestinal plus
brush-border membrane vesicle (BBMV) enzymes digestion. About
77% of DPPH antioxidant activity relative to original solvent extract
showed after gastric digestion but this activity decreased to about 20%
after intestinal digestion and intestinal plus BBMV digestion. These
results indicate that the polyphenol content remained unchanged but
antioxidant activity decreased significantly and it may be due to
deglycosylation of phenolic compounds by digestive enzymes
Keyword : in vitro digestion, Laphet, fermented tea
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Polyenes such as nystatin A1 and amphotericin B belong to a large family
of very valuable antifungal polyketide compounds typically produced
by soil actinomycetes. To develop polyene-based microbial pesticides,
we initially screened for the antifungal activities against Candida
albicans and Fusarium oxysporum using about 2,500 soil actinomycetes
cultures. Among the cultures screened, two actinomycetes showing the
strong antifungal activities against both C. albicans and F. oxysporum
were selected. Whole genome sequencing of the two strains was
performed to identify the putative biosynthetic gene clusters responsible
for the polyene compounds. The strains were confirmed to produce novel
polyene compounds by HPLC and high-resolution mass spectroscopic
analyses. Moreover, those polyene compounds were found to be very
effective in protecting various crops against F. oxysporum in the
pot-scale field test. As a result, the newly-screened actinomycetes
species could be the promising candidates for development of novel
antifungal agents or eco-friendly microbial pesticides.
Keyword : Actinomycetes, Antifungal activity, Polyene

439

A-88

A-90

The Critical Role of Magnesium in Quercetin-Induced Yeast
Apoptosis in Candida albicans

Effect of Nitric Oxide on Lactoferricin B Like Peptide-Induced
Apoptosis in Candida albicans
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Candida albicans has been a lethal factor for humans due to its high
morbidity rate. To prevent further casualties, we investigated antifungal
activity of quercetin, a flavonoid which can be extracted from fruits and
vegetables around us. In our study, quercetin seemed to induce
magnesium increase in C. albicans. Since magnesium accumulation
triggers calcium overload, Rhod-2AM dye was used and displayed
increase in cytosolic calcium level. Considering mutual interplay
between calcium level and reactive oxygen species (ROS) generation,
we applied MitoSox Red and could inspect increment of ROS levels in
mitochondria. Moreover, decreased intracellular redox levels presented
impairment of the redox state of glutathione related to ROS levels. Since
this result can be followed by DNA fragmentation, we used TUNEL
assay and noted increase in fluorescence intensity. Sequentially,
mitochondrial dysfunction can occur and we detected the loss of
mitochondrial membrane potential using JC-1 dye and change in
mitochondrial mass using MitoTracker Green. Additional apoptotic
feature, phosphatidylserine (PS) exposure, was monitored using
Annexin V/PI double staining. Most previous responses were blocked
after pre-treatment of hexammine cobalt (III) chloride, suggesting that
magnesium inhibition prevents yeast apoptosis by blocking magnesium
increase and following procedures. To conclude, considering acquired
results, magnesium can be regarded as a key contributor in
quercetin-induced yeast apoptosis.
Keyword : Yeast apoptosis, Quercetin, Magnesium

Antimicrobial peptides (AMPs) play important roles in the innate
immune systems of invertebrates such as insects. As AMPs have a role
in host defense against infectious pathogens, AMPs provide a valuable
source for expansion of new antimicrobial drugs. Various AMPs derived
from Scolopendra subspinipes mutilans have been identified and exert
antimicrobial activity. Among these AMPs, we investigated the
intracellular mechanism of lactoferricin B like peptide (LBLP) in
Candida albicans. Cells treated with LBLP increased intracellular nitric
oxide (NO) level with the glutathione level decrease. LBLP also
triggered loss of mitochondrial membrane potential, increase in the
mitochondrial mass and mitochondrial reactive oxygen species.
Furthermore, LBLP induced apoptosis activation by showing apoptotic
features such as caspase activation and DNA fragmentation. These
changes were attenuated by pretreatment with the NO scavenger. Based
on the results of this study, we propose that LBLP-induced NO caused
mitochondrial dysfunction and thus, induced apoptosis. In conclusion,
NO is a key regulator of LBLP-induced apoptosis in C. albicans.
Keyword : Apoptosis, Candida albicans, Lactoferricin B like peptide
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Periplanetasin-4 Triggers Nitric Oxide Signaling and Bacterial
Apoptotic Death in Escherichia coli
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Nitric oxide (NO) is one of the smallest molecules in nature which is
synthesized from arginine in a two-step enzyme reaction. The role and
importance of nitric oxide (NO) as a signaling molecule have already
been reported. For many microorganisms, exposure to exogenous NO
exhibits high toxicity and eventually leads to cell death. In this study,
periplanetasin-4 identified from cockroach is used to identify the role
of endogenous NO. Periplanetasin-4 elevates superoxide anion level.
NO interaction with superoxide and its byproduct induces severe damage
of intracellular components. The role of periplanetasin-4 in Escherichia
coli is triggering calcium-dependent NO signaling. By confirming that
the intracellular damage caused by the NO signal is reduced when NO
synthesis is interrupted, it has been demonstrated that NO participates
in the oxidative damage of intracellular components. Damage to
intracellular material occurred selectively and DNA repair proteins were
also involved. The expression levels of RecA and LexA proteins, which
are typical SOS repair proteins, were significantly changed. In the
absence of dinF periplanetasin-4 did not induce deterioration of
intracellular molecules which is followed by accumulation of
superoxide and NO. In conclusion, periplanetasin-4 stimulates
calcium-dependent NO signaling in bacteria and its signal is highly
related to the din gene.
Keyword : Bacterial apoptosis, Escherichia coli, Periplanetasin-4
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Discovery of New Secondary Metabolites from a Fire
Ant-Associated Bacterium
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Actinobacteria have been recognized as a great source of new
biologically active compounds in history. During the chemical studies
of actinomycetes isolated from insect ecosystems, we discovered a series
of new compounds bearing a new carbon framework with a thioester
functional group from a strain from the fire ants, Formica yessensis,
collected near Namhansanseong Fortress, Republic of Korea. The
structures of these new compounds were determined by 1D/2D NMR,
HR-MS/MS, UV, and IR spectroscopic analysis. The relative
configuration of the 5/6-membered bicycle in the molecule was
elucidated by ROESY NMR correlation. The absolute configuration was
determined by application of the PGME method onto its carboxylic acid
functional group.
Keyword : Fire ants, PGME method, Thioester functional group
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RNA RAB5IF Promotes the Growth of Hepatocellular Carcinoma
via LGR5 Mediated b-Catenin and c-Myc Signaling

RNA-Seq Analysis of Anti-Inflammatory Effects of Phloretin in
LPS-Stimulated RAW264.7 Cells
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Long noncoding RNA (LncRNA) RAB5 interactingfactor (RAB5IF) as
a membrane protein was most upregulated except otherupregulated
pseudogenes in Hep G2 cells by LncRNA microarray and possibly
showsclose relationship with leucine-rich repeat-containing G
protein-coupledreceptor 5 (LGR5) as a same membrane protein and stem
cell marker inhepatocarcinogenesis. Thus, in the current study, the
function of RAB5IF was elucidated inhepatocellular carcinomas
(HCCs) in association with LGR5 related signaling.Here The Cancer
Genome Atlas (TCGA) analysis revealed that RAB5IF was overexpressed
in hepatocellular carcinoma (HCC), and its overexpression level was
significantly (p<0.05) correlated with poor prognosis in patients with
HCC. Also, RAB5IF depletion suppressed cell proliferation and colony
formation, increased sub G1 population and attenuated the expression
of pro-cysteine aspartyl-specific protease (procaspase 3), pro-poly
(ADP-ribose)polymerase (pro-PARP) and B-cell lymphoma 2 (Bcl-2)
in HepG2 and Hep3B cells. Furthermore, RAB5IF depletion reduced the
expression of LGR5 and itsdownstreams such as b-catenin, c-Myc in
HepG2 andHep3B cells. Notably, LGR5 depletion also attenuated the
expression ofpro-PARP, pro-caspase3, b-catenin and c-Myc in HepG2
andHep3B cells. Conversely, LGR5 overexpression upregulated
b-catenin and c-Myc in AML-12normal hepatocytes. Overall, these
findings provide novel evidence that LncRNA RAB5IF promotes the
growth hepatocellular carcinoma cells via LGR5 mediated b-cateninand
c-Myc signaling as a potent oncogenic target
Keyword : Long non-coding RNA, RAB5IF, hepatocellular carcinoma
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Phloretin (PRT) is one of flavonoids especially abundant in apple and
has been known to possess various biological functions such as
anti-oxidation, anti-inflammation, and anti-cancer activities. In the
present study, we investigated the anti-inflammatory activity of PRT in
LPS-stimulated RAW264.7 mouse macrophage. PRT significantly
suppressed nitric oxide production in LPS-activated RAW264.7 cells
without affecting cell viabilities. In addition, PRT dramatically
decreased the expression of pro-inflammatory genes such as iNOS and
COX-2. Under same conditions, RNA-seq analysis was conducted to
detect global gene expression changes upon PRT treatment. We found
that 624 genes were up-regulated by PRT treatment in LPS-stimulated
RAW264.7 cells, whereas 717 genes were down-regulated. Although
expression of various genes was changed, KEGG pathway enrichment
analysis showed the majorities of differentially expressed genes were
enriched on regulation of cytokine production and cytokine signaling.
These results provide comprehensive understandings on anti-inflammatory
effects mediated by phloretin.
Keyword : Anti-inflammation, phloretin, RNA-seq analysis
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of Homocysteine with Cucurbit[7]uril
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Melanins have been emerged as functional materials with diverse
industrial applications. However, for industrial-scale production of
melanin, it is indispensable to select the most promising strain capable
of biosynthesizing sufficient extracellular melanin. In this study, 102
isolates of filamentous fungi were thoroughly assessed for extracellular
melanin production, and only a single isolate could be selected. The
promising isolate was identified as Amorphotheca resinae by
chemotaxonomic and morphological characterization. The melanin was
secreted rapidly in autolysis phase of cell growth curve, reaching up 4.5
g/L. Subsequently, various physico-chemical analyses were carried out
for structural characterization of the melanin from A. resinae in
comparison with standard melanins. The results indicated that the
extracellular melanin is belonging to eumelanin. Consequently, A.
resinae identified in this study would be a promising strain for the
commercial eumelanin production.
Keyword : Amorphotheca resinae, fungal melanin, extracellular melanin
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We introduces three ways to determine host-guest complexation of
cucurbit[7]uril (CB[7]) with homocysteine (Hcy). After preincubating
Hcy and cysteine (Cys) with CB[7], Ellman’s reagent (DTNB) was used
to detect Hcy and Cys. Only Cys reacted with DTNB and Hcy gave a
retarded color change. This suggests that the -SH group of Hcy is buried
inside CB[7]. Human cystathionine γ-lyase (hCGL) decreased the level
of Hcy degradation after preincubating Hcy with CB[7]. These results
suggest that the amount of free Hcy available was decreased by the
formation of a Hcy-CB[7] complex. The immunological signal of
anti-Hcy monoclonal antibody was decreased significantly by
preincubating CB[7] with Hcy. The ELISA results also show that
ethanethiol group (-CH2CH2SH) of Hcy, which is an epitope of anti-Hcy
monoclonal antibody, was blocked by the cavity in CB[7]. Overall,
CB[7] can act as a host by binding selectively with Hcy, but not Cys. The
calculated half-complexation formation concentration of CB[7] was
58.2 nmol using Ellman’s protocol, 97.9 nmol using hCGL assay and
87.7 nmol using monoclonal antibody. The differing binding abilities
of Hcy and Cys towards the CB[7] host may offer a simple and useful
method for determining the Hcy concentration in plasma or serum.
Keyword : Homocysteine, cucurbit[7]uril, Host-Guest complexation
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Biotechnological Production of Specialized Proresolving
Mediators from Microalgal Polyunsaturated Fatty Acids by
One-Pot Enzymatic Processes
1

1,2

1

Development of a Specific CHIKV-E2 Monoclonal Antibody for
Chikungunya Diagnosis
1

Jeong-Woo Seo , Jong-Jae Lee , Sun-Yeon Heo , Jung-Hyun Ju , Lifang
Wang1, Beak-Rock Oh1, Chul Ho Kim1, Woo Sung Son2, Hack Sun Choi3,
1
Wonkyung Hong
1
Microbial Biotechnology Research Center, Korea Research Institute of
Bioscience and Biotechnology (KRIBB), Jeongeup 56212, Republic of
Korea, 2College of pharmacy, CHA University, Pocheon 11160, Republic of
3
Korea, College of Applied Life Sciences, Jeju National University, Jeju
63243, Republic of Korea

Hydroxylated derivatives of polyunsaturated fatty acids called specialized
proresolving mediators (SPMs) consisted of resolvins, maresins,
protectins etc. play as an autacoid leading efferocytosis which is the
crucial biological process removing of dying/dead cells. Although SPMs
are promised as a next-generation medicines for inflammatory diseases
and cancers, efficient production of SPMs is essential for the
pharmacological applications. We developed biotechnological processes
to produce SPMs, resolvin D5 (7,17-dihydroxy-docosahexaenoic acid) and
protectin DX (10,17-dihydroxy-DHA), from microalgal polyunsaturated
fatty acids using enzymes of plant and marine algae. We also developed
biotechnological processes to produce novel SPMs, named resolvin DX
(7,15,16,17-tetrahydroxy-docosapentaenoic acid) and resolvin DY
(13,20-dihydroxy-DHA), showing anti-cancer activity to inhibit
proliferation of cancer stem cells as well as anti-inflammatory activity.
Keyword : Specialized proresolving mediators, polyunsaturated fatty
acids, biotechnological production

B-6
Cyclic-Di-GMP Signaling Negatively Controls Salmonella
Pathogenicity Island 1 Gene Expression via H-NS and Lon
1

1*

1,2*

Jisu Jeong , Eunsuk Kim , Hyunjin Yoon
1
Department of Molecular Science and Technology, Ajou University, Suwon
16499, Republic of Korea, 2Department of Applied Chemistry and Biological
Engineering, Ajou University, Suwon 16499, Republic of Korea

Salmonella enterica serovar Typhimurium injects a set of effector
proteins into the cytoplasm of host cells via Salmonella pathogenicity
island 1 (SPI-1) type III secretion system (T3SS) and induces bacterial
invasion into host cells. Cyclic-di-GMP, a circular RNA dinucleotide
synthesized by diguanylate cyclases, functions as a second messenger
in a variety of physiological processes, including motility, biofilm
formation, and virulence factor production. In this study, in order to
address how cyclic-di-GMP regulates virulence factor production in S.
Typhimurium, the role of cyclic-di-GMP in SPI-1 regulation was
investigated. Overexpression of a diguanylate cyclase AdrA significantly
decreased the mRNA expression and protein production of HilD, a
master regulator of SPI-1, thereby down-regulating the expression of
cognate SPI-1 genes. However, the negative regulation of SPI-1 by
cyclic-di-GMP was abolished in the absence of H-NS or Lon, which
represses hilD expression and controls HilD turnover, respectively.
Considering that AdrA overexpression did not influence hns and lon
expression, cyclic-di-GMP might exert negative regulation on SPI-1 by
modulating the activity of H-NS and Lon. With regard to a pivotal role
of cyclic-di-GMP in controlling motile and sessile lifestyles in diverse
bacterial pathogens, this study suggests a new role of cyclic-di-GMP in
Salmonella lifestyle conversion between colonization in intestinal
lumen and invasion into host cells
Keyword : Salmonella Typhimurium, Cyclic-di-GMP, Virulence
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Kim5, Haryoung Poo6*
1
Infectious Disease Research Center, Korea Research Institute of Bioscience
and Biotechnology, 125 Gwahak-ro, Yuseong-gu, Daejeon, 34141, Republic
2
of Korea, Infectious Disease Research Center, Korea Research Institute of
Bioscience and Biotechnology, 125 Gwahak-ro, Yuseong-gu, Daejeon,
34141, Republic of Korea, 3Department of Biomedical Science and
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Chikungunya fever is a vector-borne viral disease transmitted to humans
by Chikungunya virus (CHIKV)-infected mosquitoes. There have been
many outbreaks of CHIKV infection worldwide, and the virus poses
ongoing risks to global health. To prevent and control CHIKV infection,
it is important to improve the current CHIKV diagnostic approaches to
allow for the detection of low CHIKV concentrations and to correctly
distinguish CHIKV infections from those due to other mosquitotransmitted viruses, including Dengue virus (DENV), Japanese
encephalitis virus (JEV), and Zika virus (ZIKV). Here, we produced
monoclonal antibodies (mAbs) against the CHIKV envelope 2 protein
(CHIKV-E2) and compared their sensitivity and specificity with
commercially available mAbs using enzyme-linked immunosorbent
assays (ELISA). Two anti-CHIKV-E2 mAbs, 19-1 and 21-1, showed
higher binding affinities to CHIKV-E2 protein than did the commercial
mAbs. In particular, the 19-1 mAb had the strongest binding affinity to
inactivated CHIKV. Moreover, the 19-1 mAb had very little cross-reactivity
with other mosquito-borne viruses, such as ZIKV, JEV, and DENV. These
results suggest that the newly produced anti-CHIKV-E2 mAb, 19-1,
could be used for CHIKV diagnostic approaches to eventually prevent
the spread of CHIKV.
Keyword : Chikungunya virus Envelope 2, Diagnosis, Monoclonal
antibody

B-8

B-9

Characterization and Antibacterial Activity of Two Antarctic
Liver-Expressed Antimicrobial Peptides from Antarctic Fishes
(Dissostichus mawsoni and Lycodichthys dearborni)
1

2

Osteogenic Peptides Derived from Blue mussel Protein Enhance
Osteoblast Differentiation and in vivo Bone Formation
1*

Shweta Bharat Borkar , Sondavid Keshaoraoji Nandanwar , Hak Jun Kim
1
Department of Chemistry, Pukyong National University, Busan 48513,
2
Republic of Korea, Department of Marine Convergence program, Pukyong
National University, Busan 48513, Republic of Korea

Liver-expressed antimicrobial peptides(LEAPs) are a cysteine-containing
cationic peptide with a dual role of antimicrobial activity and iron
regulation in human. The LEAP-1 and LEAP-2 are eight and four
cysteine containing antimicrobial peptides found in human,
respectively. The LEAP-1 is widely known antibacterial peptide in fish
innate immunity, but the role of LEAP-1 and LEAP-2 in Antarctic fish
such as notothenioid and eelpout are still unknown. In this present study,
we synthesized and characterized a LEAPs with novel four and eight
cysteine residues derived from Antarctic notothenioid (Dissostichus
mawsoni) and Antarctic eelpout (Lycodichthys dearborni). Circular
dichroism spectroscopy of these peptides showed that the structure of
LEAPs at 5, 15, 25 and 35 ℃ was identical to that of the human LEAP-1
(hLEAP-1), with typical β-sheet structure. Minimal inhibitory
concentration (MIC) of the LEAPs was determined by a conventional
broth dilution assay. The LEAPs were found to be bactericidal against
gram-positive and gram-negative bacteria. nLEAP-2 effectively
inhibited the growth of all tested bacteria at the MIC range of 0.25 to 1µM.
eLEAP-2 had antibacterial activity against B. subtilis, S. aureus and V.
parahaemolyticus with MIC value of 1µM. Interestingly, in SYTOX
green uptake assay, melittin the positive control increased the
fluorescence of SYTOX, indicating that it makes pores in S. aureus.
However, LEAPs did not trigger any significant increase in fluorescence,
which may mean that LEAPs competitively displace the DNA bound
SYTOX green dye. Further, we investigated the competitive binding of
LEAPs using competitive displacement assay. The Kd values of LEAPs
(4.1 µM, 6.44 µM, 6.08 µM, and 6.21 µM) were lower than that of the
classical intercalator ethidium bromide (7 µM) which proves the
competitive DNA binding ability of LEAPs. To determine the effect of
temperature on LEAPs, we evaluated the antibacterial activity of LEAPs
against Listeria monocytogenes at four different temperatures. Results
showed that antibacterial activity of LEAPs decreases with increase in
temperature. nLEAP-2 and eLEAP-2 showed very high antibacterial
activity with MIC value of 0.25 µM at 5 ℃ compared to 15, 25 and 35
℃. Taken together, our results suggest that LEAPs with novel four and
eight cysteine residues are bactericidal and may kill bacteria by DNA
binding.
Keyword : Antarctic peptides, Cysteine-containing, Liver-expressed
antimicrobial peptides

Yunok Oh, Jae-Young Je*
Pukyong National University, Busan 48513, Republic of Korea

Osteoporosis is associated withbone mass loss and decreased bone
strength, and an imbalance between boneformation and resorption.
Bioactive peptides-based bone formation materialscould be one of the
effective therapeutic strategies for managing ofosteoporosis. In this
study, novel osteogenic peptides from blue mussel proteinwere prepared
by peptic hydrolysis (BMPHs) with optimal conditions, whichexhibited
high stimulation effect on alkaline phosphatase (ALP) activity
andmineralization in mouse mesenchymal stem cells (MSCs). The
treatment of BMPHssignificantly increased the expression of bone
osteogenic biomarkers of BMP-2and MAPKs, and ALP activity, resulted
in activation of osteoblastdifferentiation. We further investigated bone
protective effects of BMPHstreatment in ovariectomized (OVX) mice
as an osteoporosis animal model. Themice were fed with a low calcium
pellet diet to accelerate the induction ofosteoporosis. After all
experiment, the serum osteocalcin concentration andalkaline phosphatase
activity were measured as a specific biomarker of boneformation and
the bone-architecture of fixed femur was examined by 3D Micro-CT
scanner. OVX mouse supplemented with BMPHs for 2 months
showedosteoprotective effects, resulted in an increase of bone mineral
density (BMD),the bone volume and trabecular number, and inhibition
of bone loss comparedwith OVX control mouse. The serum activity of
ALP and osteocalcin (OC), whichis correlated with the loss of bone
formation contents, also significantlyreduced with BMPHs treatment
compared with OVX control mouse. Taken together,these results suggest
that BMPHs could be health-promoting functional foodingredients against
osteoporosis
Keyword : Osteoporosis, osteoblast, bone formation
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Blue mussel (Mytilus edulis) Hydrolysate Protects Oxidative
Stress-Mediated Endothelial Cell Apoptosis by Regulating
Mitochondrial Pathways
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Poster Session

Oxidative stress along with an increase of reactive oxygen species (ROS)
is considered as a critical cause of endothelial dysfunction, leading to
atherosclerosis and other cardiovascular diseases. Thus, the protection
against oxidative stress-mediated endothelial cell injury by the use of
antioxidants is good strategy for preventing of atherosclerosis. In the
present study, we investigated the protective effect of blue mussel
(Mytilus edulis) protein hydrolysates by a-chymotrypsin (BMCH)
against oxidative stress-mediated cellular injury in human umbilical
vein endothelial cells (HUVECs). BMCH showed the higher antioxidant
+
activities in DPPH radical scavenging, ABTS radical scavenging, and
ORAC value compared to those of the other hydrolysates. BMCH
ameliorated H2O2-mediated HUVEC injury through reduced ROS by
maintaining mitochondrial membrane potential and reducing mitochondrial
ROS generation. BMCH pre-treatment increased cellular antioxidant
capacities, including the levels of glutathione (GSH), superoxide
dismutase (SOD), catalase (CAT) and glutathione peroxidase (GPx)
against H2O2-mediated oxidative stress in HUVECs. Flow cytometry
and nuclear staining analysis revealed that BMCH treatment
significantly reduced apoptosis in HUVECs. Western blot analysis
revealed that BMCH pre-treatment significantly prevented H2O2-mediated
HUVEC apoptosis by inhibiting mitochondrial cytochrome c release to
and caspase-3 activation. Gene expression analysis showed the BMCH
treatment down-regulated expression of p53 and caspase-3 genes, and
decreased bax/bcl-2 ratio. Taken together, blue mussel hydrolysates
maybe useful as functional food ingredients and/or nutraceuticals for
ameliorating atherosclerosis developed by endothelial dysfunction.
Keyword : ROS, apoptosis, endothelial dysfunction
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Isolation of Saccharomyces cerevisiae for Production of Ethanol
*

Young Woo Bae, Myoung-Dong Kim
Department of Food Science and Biotechnology, Kangwon National
University, Chuncheon 24341, Republic of Korea

It is difficult to produce a homogeneous quality traditional liquor due
to the complicated manufacturing process of the yeast. Therefore, it is
important to use starter that can produce flavor components uniformly.
Among 2,500 yeast strains isolated from a variety of fermentation foods
and flowers in Chuncheon, the MBY/L 5735 strain isolated from Korean
traditional rice wine showed a maximum production of ethanol
(1.73±0.02 g/L) and was identified as Saccharomyces cerevisiae.
Following that, strain MBY/L5645 and MBY/L6680, isolated from
Kimich and Senecio cruentus, respectively showed ethanol production
of 1.72±0.02 g/L and 1.71±0.01 g/L.
Keyword : Saccharomyces cerevisiae, Ethanol, Fermentation food
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Enzyme Activity Analysis Using Raw Rice Fermented Liquor by
Different Fermentation Agents
Ye-Seul Kwon, Jin-Ah Jeon, Ji-Eun Kang, Seok-Tae Jeong*
Fermented Food Science Division, National Institute of Agricultural
Sciences, Rural Development Adiministration, Wanju, Jeollabuk-do 55365,
Republic of Korea

In this study, we investigated the differences in enzyme activities of raw
rice fermented liquor by using rice nuruk (white rice nuruk, yellow rice
nuruk), three kinds of traditional nuruk (Jinju gogja, Sansung nuruk, and
Songhak gogja) as fermenting agents. The fermentation temperature is
25℃ and La parisienne was used as the yeast and all treatments are the
same except the fermenting agent. A total of 5 sampling times were
performed at intervals of 3 days to 4 days for 14 days. Enzyme activity
of starch degrading enzyme (α-glucosidase, α-amylase) and proteolytic
enzyme (acidic carboxypeptidase, acidic protease) were measured. α
-glucosidase showed the significantly highest enzyme activity of white
rice nuruk from the early stage of fermentation to the fermentation period.
α- Amylase was significantly high in enzyme activity in the yellow rice
nuruk from the beginning of its fermentation. Acidic carboxypeptidase
was found to be significantly higher during the fermentation period than
that of the white rice nuruk, and acidic protease was also significantly
higher in the white rice nuruk and the yellow rice nuruk, while the enzyme
activity of the white rice nuruk remained longer than that of the yellow
rice nuruk. Both starch degrading enzyme and the proteolytic enzyme
have higher enzymatic activity of rice nuruk than traditional nuruk and
can be maintained for a longer period of time. In this study, protein
degradability and starch decomposition power are seems to have higher
rice nuruk than traditional nuruk in raw rice fermented liquor and require
further investigation.
Keyword : nuruk, fermentation, Enzyme Activity
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Screening of Useful Bacterial Strains Tolerant to Salt with High
Protease and Amylase Activity for Fermented Seasoning Sauces

Topological Characteristics of Salmonella Typhimurium-Specific
Phage-Immobilized Sensor Methods

Hayeon Lee, Yoon-Ji Goh, Eun-Kyung Yeom, Yun-Mi Ko, Hye-Jeong
Kwon, Soon-Bae Kwon
Agro-food Research Institute, Gangwon-do Agricultural Research &
Extension Services, Chuncheon 24203, Republic of Korea

Leesun Kim, Mi Kyung Park , Hae-Yeong Lee, In Young Choi, Damilare
E. Adeyemi
School of Food Science and Biotechnology, Kyungpook National University,
Daegu 41566, Republic of Korea

In this study, we evaluated salt tolerance (5~15%), enzyme activity
(protease, amylase, and β-glucosidase) of 480 strains for making
fermented seasoning sauces. Of the 480 strains isolated from Korea
fermented food, three showed survival on the agar with 10% NaCl and
clear zone on agar including skim milk. One isolated among the three
strains showed higher amylase activity, and this isolate exhibited the
highest growth. The strains were identified by 16S rRNA gene sequence
analysis, as well as physiological and biochemical properties. The results
of the present study showed that these novel strains exhibited a promising
starter for making fermented seasoning sauces with rice and soybean.
Keyword : Bacillus polyfermenticus, salt tolerance, seasoning

For control and detection of food-borne pathogens, phages are widely
used as a bio-recognition element corresponding to target pathogens in
biosensor method. This study was aimed to investigate chemical linkers
to improve the immobilization efficiency of Salmonella Typhimuriumspecific (ST) phage on a vibrating ferromagnetic (FM) sensor under
magnetic field. The FM sensor was modified with various chemical
linkers including 11-MUA, sucrose, streptavidin, and cysteine+11-MUA
to immobilize ST phage with a head-tail asymmetric structure. A sessile
drop technique was used to measure hydrophilic property of the modified
sensor. Phage and bacterial densities on the sensor were observed and
calculated from SEM images. The resonant frequency shift of S.
Typhimurium bound on the sensor was also measured. Compared with
the bare sensor, the sensors modified with the chemical linkers gave
hydrophilic properties, leading to better phage immobilization. Among
the methods, 11-MUA showed the best resonant frequency shifts (1805.2
2
± 125.7 Hz) and the greatest bacterial density (6.25 ± 0.95 phage/µm ).
The clear zone size of 11-MUA-modified phage (18.15 ± 2.65 mm)
showed significantly greater than others, indicating 11-MUA is the best
chemical linker for phage immobilization on the FM sensor.
Keyword : Biosensor, Immobilization, S. Typhimurium-specific phage
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Effects of Bacteriophage Cocktail with Essential Oils on
Foodborne Pathogen Cronobacter sakazakii
Doyeon Kim, Seungeun Lee, Minsik Kim*
Department of Food and Nutrition, College of Human Ecology, Yonsei
University, Seoul 03722, Republic of Korea

Bacteriophages, bacterial viruses, are re-highlighted as promising
antimicrobials with high host specificity and bacteriolytic activity. But,
one of problems using phages is emergence of bacteriophage-insensitive
mutants (BIMs) that mainly occurred through a modification of their
receptors to avoid the phage infection. Here, we investigated a potential
of phage cocktail with essential oils to control foodborne pathogen
Cronobacter sakazakii and emerging BIMs. Treatment of phage cocktail,
which consist of 3 different phages targeting lipopolysaccharides (LPS)
or flagella, inhibited the growth of C. sakazakii ATCC 29544 and one
of C. sakazakii isolate from powdered infant formula. Although BIMs
were appeared at 7 hours post-infection, all of 18 isolated BIMs exhibited
impaired motility compared to wild type and 4 lost their whole or partial
LPS, indicating a possibility of virulence attenuation in BIMs as fitness
costs. When sublethal concentration of essential oils, citral or thymol,
were treated to C. sakazakii culture along with phage cocktail, the
emergence and growth rate of BIMs were further suppressed. Our work
suggested that the use of phage cocktail with essential oils could be an
effective strategy to control C. sakazakii, by affecting the virulence and
emergence of BIMs.
Keyword : Bacteriophage, Cronobacter sakazakii, essential oil
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Inhibition of Lipopolysaccharide-Stimulated Inflammatory Kuntze
in BV-2 Microglial Cell Mediators by Tetragonia tetragonoides
(Pall)
Sunggyu Lee1, Hyun Kang1*, Sangmoon Kang2, Kee-young Lee2,
Kwang-Lyul Park3
1
Department of Medical Laboratory Science, College of Health Science,
Dankook University, Cheonan-si, Chungnam, 16890, Republic of Korea,
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Department of A&PEP, Rearch Institute, Chungbuk, 363-883, Republic of
Korea, 3Scoria Industry Co., LTD, Jeju-city, 63018, Republic of Korea

To investigate the in vitro antioxidant and anti-neuroinflammatory
effects of Tetragonia tetragonoides (Pall.) Kuntze extract (TKE) in
lipopolysaccharide (LPS)-stimulated BV-2 microglial cells. To evaluate
the effects of TKE, LPS-stimulated BV microglia were used and the
expression and production of inflammatory mediators, namely, nitric
oxide (NO), inducible NO synthase (iNOS) and tumor necrosis alpha
(TNF-α) were evaluated. Antioxidant activity of TKE was measured
using 1, 1-diphenyl-2-picryl-hydrazyl (DPPH) assay. Cell viabilities
were estimated by 3-(4, 5-dimethylthiazol-2-yl)-2, 5- diphenyl-tetrazolium
bromide (MTT) assay. TKE significantly suppressed LPS-induced
production of NO (p < 0.001 at 20, 40, 80 and 100 μg/ml) and expression
of iNOS in BV-2 cells. TKE also suppressed LPS-induced increase in
TNF-α level (p < 0.001at 100 μg/ml) in BV-2 cells. In addition,
DPPH-generated free radicals were inhibited by TKE in a
concentration-dependent manner. The results suggest that TKE can be
explored as a potential therapeutic agent for regulating microgliamediated inflammatory responses observed in several neurodegenerative
diseases
Keyword : Tetragonia tetragonoides, Anti-oxidant, Anti-inflammatory
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Comparison of the Effect of Additives on Crystallinity of Bacterial
Cellulose
*

Inhibitory Effect of Houttuynia cordata Thunb. Fraction on
Adipocyte Differentiation in 3T3-L1 Cells
*

Sunggyu Lee, Hyun Kang
Department of Medical Laboratory Science, College of Health Science,
Dankook UI

Bacterial cellulose (BC) is a biocompatible nanocelllose produced by
a number of bacterial species such as Acetobacter, Azotobacter,
Rhizobium, and is being applied in various fields including food,
cosmetics and medical industries. In this study, we investigated whether
the crystallinity of BC, which mainly affects BC structure by changing
network of fibrils, could be selectively controlled by the addition of
cellulose having different crystallinity such as carboxymethyl cellulose
(CMC; amorphous cellulose) and Avicel (Crystalline cellulose).
Compared to a BC yield of 0.40 g/L by Komagataeibacter sp.
SFCB22-18 grown at 30 ℃ in Hestrin-Schramm modified (HSM)
medium for 7 days, about 5.1 times (i.e. 2.01 g/L) and 4.0 times (i.e. 1.58
g/L) increase in BC yield were observed after addition of CMC and
Avicel, respectiely. According to FTIR and XRD analysis, BC with
Avicel increased its crystallinity, however, BC with CMC reduced its
crystallinity. This is again confirmed by measuring binding degree of
BC using CtCBD3, a protein that specifically binds to the crystalline part
of cellulose. Thus, we can conclude that the crystallinity of bacterial
cellulose can be regulated by additives with different crystallinity during
in situ crystallization.
Keyword : Bacterial cellulose, Crystallinity, cellulose binding protein

The anti-obesity effect of ethanol extract and their fractions from
Houttuynia cordata Thunb. (Saururaceae) on the differentiation of
3T3-L1 pre-adipocytes to adipocytes was investigated by suppressing
adipocyte differentiation and lipid accumulation with Oil red O assay,
western blot and real-time PCR analysis. Ethyl acetate fraction of
Houttuynia cordata Thunb. significantly inhibited adipocyte differentiation
when treated during the adipocyte differentiation process, as assessed
by measuring fat accumulation using Oil red O staining. In inducing
differentiation of 3T3-L1 preadipocytes in the presence of an adipogenic
cocktail, isobutylmethylxanthine (IBMX), dexamethasone- and insulinalong with ethyl acetate fraction residue processing treatment
significantly decreased protein expression of obesity-related proteins,
such as peroxisome-proliferatorsactivated-receptor-γ (PPARγ) and
CCAAT enhancer-binding-proteins α (C/EBPα). These results indicate
that ethyl acetate fraction of Houttuynia cordata Thunb. is the most
effective candidate for preventing obesity. However further studies will
be needed to identify the active compounds that confer the anti-obesity
activity of ethyl acetate fraction from Houttuynia cordata Thunb.
Keyword : Houttuynia cordata Thunb., 3T3-L1, Adipocyte Differentiation
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Improving Detection Efficiency of Male-Specific Coliphage Using
Real-Time Reverse Transcription PCR

Characterization of Metabolites and Volatile Compounds in
Kimchi with Starter

Sanghee Lee, Hakdong Shin*
Department of Food Science and Biotechnology, College of Life Science,
Sejong University, Seoul 05006, Republic of Korea

Jung Hee Song, Moeun Lee, Jeongeun Mun, Dong Ryul Lee, Jung Eun
Yang, Seul-Gi Jeong, Ji Yoon Chang*
Research and Development Division, World Institute of Kimchi, Gwangju
61755, Republic of Korea

Shellfish contaminated by norovirus is a major cause of foodborne and
waterborne poisonings affecting a worldwide. The aquatic safety
management in the US is carried out using the Male-Specific Coliphage
(MSC), a virus that is specifically infecting E. coli, as a contaminant
indicator species. The double agar layer method, which is a conventional
MSC detection method, has low detection sensitivity and requires
incubation hours. To increase the efficiency of MSC detection, real-time
RT-PCR assay was optimized by comparing efficiency by shellfish
sample sites. Primers for the gene encoding maturation protein (mat)
showed the best detection sensitivity and efficiency, in relation to the
lysis protein (lys), the coat protein (cp), and the replicase protein (rep).
Artificial infection analysis showed that MSC was accumulated in the
mid-gut gland site than other sites of the shellfish, suggesting possible
indicator site.
Keyword : Male-Specific Coliphage, Real-Time Reverse Transcription
PCR, Shellfish
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Screening of Medicinal Plants against Antimicrobial Activities on
Food Poisoning Bacteria
*

Won Seok Choi, Chang Ho Lee, Kiu Hyung Cho , Kyoungmi Yoon
Department of Research Project, Gyeongbuk institute for Bio industry, 5
saneopdanji-2gil, Pungsan-eup, Andong 36618, Republic of Korea

The objectives of this research was to investigate the antimicrobial
activities of Food poisoning bacteria(Bacillus cereus, Staphylococcus
aureus), which are widely distributed in cereals and natural
environments, using medicinal plants and utilize them as natural
preservatives and functional foods. For this study, eight kinds of plants
were extracted with ethanol (70%, 95%) and hot distilled water,
respectively. Disc diffusion assay showing the growth inhibition
diameter around the disc indicated that the Caesalpinia sappan L. hot
water extract was the highest antimicrobial activity. The minimum
inhibitory concentration(MIC) of Caesalpinia sappan L. water extract
for B. cereus and S. aureus was 1 mg/mL, similar to grapefruit seed
extract. Also, Minimum bactericidal concentration (MBC), which
represents 99.9% of the bacterial death, was 3 mg/mL. These results
suggest that Caesalpinia sappan L. can be used in a variety of foods.
Keyword : Antimicrobial activity, Food poisoning bacteria, Caesalpinia
sappan L.
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The objective of this study was to investigate theeffects of starter on
metabolites and volatile compounds during fermentationkimchi.
Kimchi was prepared with Leuconostocmesenteroides WiKim32 (starter
kimchi) as a starter or without (nonstarterkimchi) and investigated the
characteristics of metabolites and volatilecompounds during fermentation
for 28 days. Volatile compound analysis using HS-SPME showed
abundance of 3, 7-Dimethylnonane, Linalool, Phenethyl alcohol,
Methylpropyl trisulfide, 1, 2, 3-Trithia-4-cyclohexene, Dimethyl
tetrasulfide,5-Methyl-1, 2, 3, 4-tetrathiane, and pristane was detected in
the starterkimchi rather than in the nonstarter kimchi. Metabolite
1
analysis using H-NMRshowed that the contents of mannitol, propylene
glycol, and riboflavin werehigher in starter kimchi than in nonstarter
kimchi. In this study, the volatileflavor components patterns and
metabolites were different between the starter andnonstarter kimchi.
Finally, it could be easily used to evaluate thefermentation characteristics
of starter kimchi
Keyword : Starter Kimchi, Metabolite, Volatile compounds

Effect of Water Extract of Curcuma longa L. on Non-Alcoholic
Fatty Liver in C57BL/6 Mice
1,2

1,3

4

1,3

Jeongeun Mun , Jeongjin Park , Yoo-Hyun Lee , Ok-kyung Kim ,
Woojin Jun1,3*
1
Division of Food and Nutrition, Chonnam National University, Gwangju
2
61186, Republic of Korea, Research and Development Division, World
Institute of Kimchi, Gwangju 61755, Republic of Korea, 3Research Institute
for Human Ecology, Chonnam National University, Gwangju 61186,
4
Republic of Korea, Department of Food and Nutrition, University of Suwon,
Suwon 18323, Republic of Korea

Non-alcoholic fatty liver disease (NAFLD) is the hepatic abnormal lipid
accumulation, which is followed by cellular injury and hepatic damage,
eventually leading to chronic liver disease. This study investigated the
effect of water extract from Curcuma longa L. (CLW) in the amelioration
of high-fat diet-induced NAFLD via in mouse model. Compared with
the HFD group, CLW significantly decreased liver weight relative to
body weight. Additionally, hepatic triglyceride (TG) and total
cholesterol (TC) levels were significantly reduced. Furthermore, CLW
supplementation significantly decreased serum TG, TC and nonesterified fatty acid levels compared with the HFD group. Our results
indicated that CLW attenuated HFD-induced NAFLD through the
inactivation of sterol regulatory element-binding protein, fatty acid
synthase and acetyl-CoA carboxylase signal in hepatocytes. Therefore,
the CLW might be an influential candidate to develop a precaution
against NAFLD.
Keyword : Curcuma longa L., non-alcoholic fatty liver disease, high-fat
diet
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Preparation of Monoclonal Antibody for Kimchi Starter
Lactobacillus curvatus G-Specific Detection

Characterization of the Bacteriocin by Bacillus velegenesis
FZB-42

Moeun Lee, Jeongeun Mun, Dong Ryul Lee, Jung Hee Song, Seul-Gi
Jeong, Jung Eun Yang, Ji Yoon Chang*
Research and Development Division, World Institute of Kimchi, Gwangju
61755, Republic of Korea

JiYoung Lee, BoGyeong Seo, HyoEun An, HeeSeon Choi, DaeOok Kang*
Department of Bio Health Science, Changwon National University,
Changwon, Gyeongnam 51140, Republic of Korea

Kimchi starters have been widely studied for quality standardization of
products. The starter dominance in kimchi might change depending on
the fermentation conditions or various raw materials. In this study,
heat-killed kimchi starter Lactobacillus curvatus G was used to
immunize the Balb/c mice. Several hybrid cell lines excreting
monoclonal antibodies against Lactobacillus curvatus G were obtained
by fusing mouse Sp2/0 myeloma cells with spleen cells from the
immunized mice. To verify the applicability of polyclonal or monoclonal
antibodies, enzyme-linked immunosorbent assay was conducted. The
results showed had no cross-reaction to other lactic acid bacteria. This
method could be used to detect the Lactobacillus curvatus G specifically
in kimchi samples, establishing a novel tool for quality management
through monitoring of the starter.
Keyword : Lactobacillus curvatus, starter kimchi, monoclonal antibody

C-14

The bacterial strain isolated from fermented Hansan Sogokju was
identified as Bacillusvelegenesis FZB-42 and showed antibacterial
activity against pathogenic Gram-positive bacteria and Gram-negative
bacteria. The antibacterial activity was removed by treatment with
proteolytic enzymes, indicating antibacterial agent is proteinaceous, a
bacteriocin. The optimum growth conditions for maximum inhibitory
activity were achieved at an initial pH of 7.0 and at 37℃ for 24 h. The
antibacterial activity was retained at the pH range from 2.0 to 8.0. The
bacteriocin activity was stable up to at 80℃ for 60 min but 80% of activity
was lost at 100℃ for 20 min. The bacteriocin was highly resistant to
solvents such as acetonitrile, methanol, isopropanol up to 100%
concentration. The bacteriocin was purified to homogeneity. Its
molecular weight was estimated to be 2.0 to 3.0 kDa by SDS-PAGE. This
bacteriocin exhibited its antibacterial activity against Listeria
monocytogenes KCCM 40307 through bacteriostatic action. These
results suggest that the bacteriocin might have potential to be used as
bio-preservatives in food products.
Keyword : Bacteriocin, Heat resistance
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Antimicrobial and Antioxidant Capacity of on the Cultivar and
Solvent Fractions of Walnut kernel (Juglans sinensis D.)
*

NamHoon Kim, Man-Duck Han , Seung-Il Jo, Hye-Min Won, Hong-Ki
Kim, Hyoun-su Lee
Department of Life Science and Biotechnology, Soonchunhyang University,
Asan, Chungnam 31538, Republic of Korea

*

JiYoung Lee, DaeOok Kang
Department of Bio Health Science, Changwon National University,
Changwon, Gyeongnam 51140, Republic of Korea

Mulberry was fermented with Lactobacillus plantarum JCM 1149 or
Pichia kudriavzevii Azt-EN-01as an effort to the development of
functional foods with anti-obesity activity. The total anthocyanin,
phenolic and flavonoid content of fermented and non-fermented
mulberry were measured and compared. DPPH radical scavenging
activities of mulberry fermented with L. plantarum JCM 1149 and P.
kudriavzevii Azt-EN-01 were 130 µg/ml and 140 µg/ml, respectively.
In vitro anti-obesity activity of fermented mulberry was verified by MTT
assay of 3T3-L1 cells and oil-red-O staining of fully differentiated
3T3-L1 cells. MTT assay showed mulberry fermented with L. plantarum
JCM 1149 significantly inhibited differentiation of 3T3-L1 cells at 800
µg/ml. In case of oil-red-O staining, fermented mulberry decreased
formation of lipid droplet at 400 µg/ml and 800 µg/ml. In vivo experiment
with high-fat-induced obese rats for 6 weeks, blood triglyceride content
of rats fed with high-fat diet containing mulberry fermented with P.
kudriavzevii Azt-EN-01reduced to 70%, compared to non-fermented
mulberry. These results suggest that fermented mulberry has a potential
as an anti-obesity agent by reducing blood triglycerides.
Keyword : Fermented mulberry, Anti-oxidant activity, Anti-obesity
activity

Poster Session

Walnut exhibits greater antioxidant capacity than any other nuts.
However, the contribution to antioxidant and antibacterial capacities on
the organic solvent fractions and different cultivars of walnut is
unknown, and the aim of the present work is to elucidate it. We
investigated the the antioxidative and antimicrobial activities of several
solvent extracts (MEOH, Hexane, EtOAC, n-Butanol) obtained from
two walnut cultivars (Korean native cultivars, Gwangdeok and
Sinlyeong walnut). Antibacterial activities were assessed using the
minimum inhibitory concentration method, and antioxidant activities
using the 2,2-diphenyl-1-picryl-hydrazyl (DPPH) assay. Walnut kernel
extracts inhibited growth of Gram positive bacteria (B. cereus, B. subtilis,
and S. aureus) with respective MICs of 6.25, 12.5, 25 mg/mL and gram
negative bacteria (E. coli, P. and K. pneumonia) with MICs of 50, 100
mg/mL. Ethyl acetate extract of Gwangdeok walnut kernel showed
highest antimicrobial activity against S. aureus SG511. DPPH radical
scavenging activity was the highest in ethyl acetate extract of both
cultivars. The EtOAc extract of Sinlyeong walnut kernel showed EC50,
3.89 μg/mL of antioxidative potential higher than that of ascorbic acid
EC50 8.42 μg/mL. The highest antioxidant activity (EC50 value was
lower than 5 μg mg/mL) was observed in all varieties of walnut kernel
extracts studied, but Sinlyeong walnut was the most effective
antioxidant.
Keyword : Antimicrobial, Antioxidant, Walnut kernel

Blood Triglyceride-Lowing Effect of Mulberry Fermented with
Lactobacillus plantarum or Pichia kdriavzevii in High-Fat
Diet-Induced Obese Rats
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Characterization of a New Bacteriocin Produced by Bacillus Sp.
BJ-45 Isolated Kimchi

Enzyme Extract of Krill Oil(EKO) Protect against UV-B Induced
Skin Aging in vitro and ex vivo

JiYoung Lee, DaeOok Kang*
Department of Bio Health Science, Changwon National University,
Changwon, Gyeongnam 51140, Republic of Korea

Sangyong Park, Chung Il Lee, Su Jin Lim
Alpha B&H, Eumseong-gun, Chungcheongbuk-Do, 27721, Republic of
Korea

In this study, we purified and characterized a bacteriocin produced by
Bacillus Sp. BJ-45 isolated from Kimchi. The cell free supernatant (CFS)
inhibited the growth of several Gram-positive pathogenic bacteria such
as Listeria monocytogenes KCCM 40037, M. luteus IAM 1056 and S.
aureus KCCM 40050. The bacteriocin was heat stable, pH resistant but,
protease sensitive, indicating a proteinaceous nature, a bacteriocin.
Organic solvents and detergents did not decrease bacteriocin activity.
During the storage, bacteriocin activity was retained for more than three
months at both 4ºC and -20ºC. Bacteriocin was concentrated by salting
out of the culture supernatant and purified Purification was performed
by Q-Sepharose anion exchange chromatography followed by a
RP-HPLC. MALDI-TOF-MS showed its molecular weight was 3349
Da. The 15-N-terminal amino acid sequences of the purified bacteriocin
were determined to be L-P-I-P-A-D-L-V-D-G-P-X-G-P-R. Amino acid
sequence alignment analysis indicated this bacteriocin is possibly novel
one. The bacteriocin exhibited its antibacterial activity against Listeria
monocytogenes KCCM 40037 through bacteriocidal action. The
bacteriocin inhibited growth of Listeria monocytogenes KCCM 40307
in beef stored at 4℃ for 15 days.
Keyword : Bacteriocin, N-terminal sequences, Food preservation

The aim of this study is to confirm the effect ofEnzyme extract of Krill
Oil(EKO) topical application on UV-B Induced Skin Aging.Exposure
to ultraviolet (UV) radiation induces various pathological changes,such
as thickened skin and wrinkle formation. In particular, UVB
irradiationincreases matrix metalloproteinase (MMP)-1 production and
collagen degradation,leading to premature aging, termed photoaging.
The in vitro assay results indicated that was increased proliferationrates
of HHDPC(Human Hair Dermal Papilla Cells). Also, EKO treated was
increasedType-1 procollagen and decreased MMP-1 protein level. The
4-week topicalapplication of EKO significantly reduced skin irritation
and influenced theimprovement of the skin hydration and epidermal
barrier function compared withplacebo in the ex vivo. Our
resultsconsidered the expression increase in Type-1 procollagen which
was suggested asa major factor related to the development and growth
of skin fibroblast and thedecrease in MMP-1 when UV-B by EKO. As
the data showed, EKO might be apotential new therapeutic source for
protect against UV-B induced skin aging.
Keyword : Krill Oil, Skin Aging, Skin Hydration
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Strain Improvement of Penicillium roqueforti for Increased
γ-Glutamyl Transpeptidase and Protease Production by Random
Mutagenesis and Genome Shuffling
Pul Ip Kang1, Inhyung Lee1*, Yong-Ho Choi2, Byung-Serk Hurh2
1
Department of Bio and Fermentation Convergence Technology, BK21+
Project, Kookmin University, Seoul 02707, Republic of Korea, 2Sempio
Fermentation Research Center, Sempio Foods Company, Republic of Korea

Penicillium roqueforti is applied to produce blue cheese and is important
for the flavor development during cheese fermentation. Several enzymes
are responsible for the flavor development, among which proteases and
γ-glutamyl transpeptidase (GGT) are known to be key enzymes. P.
roqueforti is also frequently isolated from meju, suggesting that it may
contribute to flavor development during meju fermentation. To develop
the meju-derived P. roqueforti as a starter for soybean fermentation, P.
roqueforti MJ1410 was isolated from traditional meju which exhibited
the highest GGT activity (0.38 U/gIDS). P. roqueforti MJ1410 was
subjected to successive random mutagenesis by ultra violet (UV), ethyl
methanesulfonate (EMS), 1-methyl-2-nitro-1-nitrosoguanidine (NTG),
and genome shuffling to improve protease and GGT production in
soybean fermentation. The mutant KMUG2 showed 3.16-fold and
5.23-fold higher GGT and protease activities than MJ1410, while
KMUG27 exhibited a 3.6-fold increase in GGT activity in comparison
with MJ1410. KMUG2 and G27 were morphologically different from
MJ1410 and grew faster with higher radial extension rates (0.54 mm/h)
than wild type MJ1410 (0.31 mm/h). KMUG2 and KMUG27 showed
both higher ggt1 and ggt3 mRNA expression as compared to the parent
strain MJ1410, which contributed to the increased GGT production.
Sequence analysis revealed that total 14 mutations in the upstream region
of KMUG27 ggt1 gene (1.6 kb) were induced, including at sites of the
transcription initiation region, nitrogen repression response element
(NIT2), and general stress responsive element (STRE), which might
affect the expression of ggt1 in KMUG27.
Keyword : Penicillium roqueforti, γ-glutamyl transpeptidase, strain improvement

448

C-19

C-20
Isolation of Lactic Acid Bacteria Grown in Low Temperature
Fermented Kimchi and Their Safety Assessment
*

Yejin Seo, Suyeong Lee, Hae Choon Chang
Department of Food and Nutrition, Kimchi Research center Chosun
University, Gwangju 61452, Republic of Korea

We tried to isolate lactic acid bacteria (LAB) which can grow at
low-temperature. Kimchi samples fermented at low-temperature were
collected from six regions in Korea. Seven kinds of lactic acid bacteria
were isolated and their characteristics and safety were investigated in
this study. The isolates were identified by Gram-staining, catalase test,
morphological observation and 16S rRNA gene sequences determination.
Biochemical characteristics of the isolates were investigated using API
50 CHL kit. The isolates showed 100% homology of 16s rRNA gene
sequences each other. Thus subsequently the seven LAB strains were
subjected to random amplified polymorphic DNA polymerase chain
reaction (RAPD-PCR) analysis using M13 primer. and finally four
different LAB strains were identified. Optimal growth temperature and
pH for the four LAB strains were 25℃ and pH 6-8 respectively. In safety
assessment, the isolates did not show α or β type hemolysis and harmful
enzyme activities. The isolates showed antibiotic susceptible to all the
antibiotics tested; lower than or equal to MIC values suggested by those
highlighted by EFSA. In addition to this, any isolates did not produce
biogenic amines. The characteristics of LAB isolated from kimchi differ
from those of the other LAB reported already.
Keyword : Lactic Acid Bacteria, Low Temperature, Safety assessment
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Characterization of Kimchi Lactic Acid Bacteria Harboring
Ornithine Producing Capacity

Safety Assesment of Fluorescence Method to Determine Lactic
Acid Bacteria

Soyeong Mun, Hae Choon Chang*
Department of Food and Nutrition, Kimchi Research Center, Chosun
university, 309, Pilmun-daero, Dong-gu, Gwangju 61452, Republic of Korea

Sojeong Chae1, Haechoon Chang1*, Eunjeong Kim2
1
Department of Food and Nutrition and Kimchi Research Center, Chosun
2
University, Gwangju 61452, Republic of Korea, Refrigerator RD/ED, Home
Appliance and Air Solution Company, LG Electronics Inc., Changwon
51533, Republic of Korea

Lactic acid bacteria (LAB) showing ornithine producing ability were
isolated from kimchi. Ten kinds of kimchis were purchased from ten
different regions in Korea. The isolates were identified by 16s rRNA gene
sequence determination; 16s rRNA gene sequences of ten isolates
showed 100% homology each other. Thus random amplified polymorphic
DNA (RAPD)-PCR analysis of these isolates was performed using M13
primer. According to the results of RAPD-PCR, seven isolates showed
different patterns. Ornithine production of the seven isolates was
investigated by thin layer chromatography (TLC) and high performance
liquid chromatography (HPLC). All seven isolates showed ornithine
production ability, furthermore two isolates (LAB 1, LAB 2) showed
high ornithine production (8,373.59 mg/L, 7,602.42 mg/L). Growth of
these two strains were examined at temperature range of -1~30℃ and
pH range of pH 4~8. Optimum growth temperature of two strains was
30℃. Optimum growth pHs of these two strains were pH 6.0 in MRS
and pH 5.0 for LAB 1 and pH 6.5 for LAB 2 in MRS with 1% arginine.
Ornithine production of these two strains grown in optimized growth
condition was 1.35~1.50 times higher than control (MRS culture
condition without optimized).
Keyword : Kimchi, lactic acid bacteria, ornithine

C-22

Safety assesment of fluorescence method for lactic acid bacteria (LAB)
was performed. Six kinds of LAB isolated from kimchi were inoculated
in MRS medium and kimchi filtrate, respectively, and then 355 nm of
ultraviolet light was continuously exposed. For safety assesment,
growth, hemolysis, enzyme activities using the API ZYM kit, and
antibiotic susceptibility were investigated. All the LAB cultured in MRS
and Kimchi filtrate with UV treatment did not show hemolysis and any
harmful enzymatic activities. Moreover, they showed the same or lower
MIC values than the break points of antibiotics suggested by EFSA.
Antibiotic susceptibility did not change by UV irradiation. There was
no difference in viable cell counts according to the presence or absence
of UV irradiation at 30 ℃ for 24 hours in MRS medium. On the other
hand, LAB were cultivated in MRS medium and kimchi filtrate for 3 days
and 4 weeks at -1.5℃ under UV irradiation. Thereafter the culture broth
was inoculated 1% in MRS medium and then viable cell counts were
measured every 6 hours for 30 hours. There was no difference in the viable
cell counts according to the presence or absence of UV irradiation for
3 days. However, some LAB strains showed significantly lower cell
growth after treatment of UV for 4 weeks. This effects were more severe
when the LAB cultured in MRS than in kimchi filtrate.
Keyword : Safety assesment, lactic acid bacteria, fluorescence
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Determination of Lactic Acid Bacteria Using Fluorescence
1

1*

2

Sojeong Chae , Haechoon Chang , Eunjeong Kim
1
Department of Food and Nutrition and Kimchi Research Center, Chosun
University, Gwangju 61452, Republic of Korea, 2Refrigerator RD/ED, Home
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*

Hyeonju Park, Ji-Young Moon , So-Young Kim, Soo-Hwan Yeo
Fermented Processing Food Science Division, Department of Agrofood
Resource, NIAS, RDA, Jeollabuk-do 55365, Republic of Korea

In this study, we reproduced three fruit vinegars (jujube, peach, yellow
plum) according to the method of manufacture in the ancient literatures.
After fermentation for 21 days at room temperature, the reproduced three
fruit vinegars were analyzed for organic acid, free amino acid, and
fragrance components. Among organic acids, acetic acid content of
jujube vinegar was the highest at 919-1546 mg / 100 mL, and the lowest
on Maechobang (yellow plum vinegar) at 4-7 mg / 100 mL. In
Dohchobang (peach vinegar), lactic acid was detected more than acetic
acid. Maechobang showed the highest value in total organic acid content,
but its citric acid content was found to be less than acetic acid. Free amino
acids of jujube vinegar were mainly GABA and arginine, which are
essential amino acids. Proportions of GABA and cystine were large in
the Maechobang, those of asparagine and alanine were large in the
Dohchobang. In the Dohchobang, ethyl acetate (sweet smell) was major
fragrance component and it was gradually decreased during
fermentation. Acetic acid in Dohchobang was highest on the 14th day
and decreased again on the 21st day. The content of benzaldehyde in the
Maechobang was high and gradually increased with fermentation
period. As for the jujube vinegar, ethanol and ethyl caprylate increased
as the fermentation progressed, and ethyl acetate and ethyl caproate
decreased. In consequence, these results are expected to provide basic
data for the commercialization of excellent fruit vinegar by improving
the manufacturing process of Korean traditional vinegar.
Keyword : Vinegar, fruit vinegar

Poster Session

Fluorescence method was applied to determine growth of lactic acid
bacteria (LAB) in MRS medium. Three genera of LAB, Leuconostoc sp.,
Lactobacillus sp., Weissella sp. were independently inoculated 1% in
MRS medium and incubated at three different conditions; at 30℃ for
72 hours, at 10℃ for 14 days, and at –1.5℃ for 6 weeks. Thereafter the
growths of LAB were determined by measuring their fluorescence
(emission at 355 nm and excitation at 460 nm) intensities were measured.
Simultaneously, viable cell counts (CFU/mL) and absorbance at 600 nm
of the cultures were measured. The results suggested that the
fluorescence method allows the discrimination and identification of the
investigated LAB in this study at the genus and species level.
Keyword : Lactic acid bacteria, fluorescence, monitoring method

Quality Characteristics of Fruit Vinegars Reproduced from the
Manufacturing of the Ancient Literature
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A Study on Functionality and Safety of Three Lactic Acid Bacteria
Isolated from Kimchi

Optimization of Kujippong (C. tricuspidata) Vinegar Production
Conditions According to Various Acetic Acid Bacteria

Songhee Moon, HaeChoon Chang*
Department of Food and Nutrition, Kimchi Research Center, Chosun
University, Gwangju 61452, Republic of Korea

Sujeong Lee, Ji-Young Moon, Sun Hee Kim, So-Young Kim, Soo-Hwan
Yeo*
Fermented Processing Food Science Division, Department of Agrofood
Resource, NIAS, RDA, Jeollabuk-do 55365, Republic of Korea

Functionality and safety of lactic acid bacteria (1 strain of Lactobacillus
plantarum and 2 strains of Weissella sp.) isolated from kimchi were
investigated. Among the isolated 3 LAB strains, only L.b plantarum
showed the cholesterol assimilation ability with the growing cell and
dead cell. The isolated 2 strains(Weissella sp.) showed ornithine
producing ability (158~174 mg/kg/h) from MRS broth supplemented
with 1%(w/v) of arginine. Hemolysis phenomena did not observed(γ
-hemolysis) when the isolates were incubated in horse blood agar media.
The isolate L.b plantarum showed lower MIC values of 8 antibiotics than
the breakpoints of the antibiotics suggested by EFSA. On the other hand,
there is no breakpoint proposed by EFSA for Weissella sp.. Therefore,
we compared the results of other studies and confirmed that 2 isolates
showed lower MIC values than those of other studies. In addition, it was
confirmed that all isolates did not produce any biogenic amines. As a
result of enzymatic activities using the API zym kit, all isolates did not
showed any harmful enzyme activities. These results suggested that the
three isolates from kimchi can be used as a functional starter culture or
probiotics in food industries.
Keyword : Lactic acid bacteria, functionality, safety
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Optimization of Rice-Bran Fermentation by the Ornithine
Producing Lactic Acid Bacteria Isolated from Kimchi
*

Songhee Moon, HaeChoon Chang
Department of Food and Nutrition, Kimchi Research Center, Chosun
University, Gwangju 61452, Republic of Korea

Rice-bran was fermented using lactic acid bacteria harboring ornithine
producing ability and its fermentation condition was optimized in this
study. It was hard to prepare the fermentation materials, when content
of rice-bran in fermentation was over 30%(w/w). The highest number
of viable cells (1.80×108 CFU/mL) was obtained in the rice-bran
fermentation at 30℃ and 24 hours. Viscosity of the rice-bran was
measured according to different heating conditions. Rice-bran heated
at 100℃ for 30 min showed the most similar viscosity to rice-bran
autoclaved (control). After fermentation of rice-bran at 30℃ for 24 h,
the numbers of viable cells in rice-bran autoclaved and rice-bran heated
8
7
at 100℃ for 30 min were 1.67×10 CFU/mL and 8.60×10 CFU/mL,
respectively. To establish optimal rice-bran fermentation conditions for
ornithine production, 1%(w/v) arginine and nutrients including edible
ingredients as a carbon source and a nitrogen source were added. The
highest viable cells(5.12×108 CFU/mL) was obtained in rice-bran
fermentation supplemented with 4 kinds of nutrients and 1% arginine.
Thereafter the fermented rice-bran was subjected independently to
heat-drying and freeze-drying process. Ornithine production in this
rice-bran fermentation was analyzed by TLC and exactly quantified by
using HPLC. Produced ornithine content in the fermented rice-bran was
determined as 33,369 mg/kg.
Keyword : Rice-bran, fermentation, ornithine
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In this study, to improve the quality of functional Kujippong
(C.tricuspidata) vinegar, Acetic acid bacteria of three strains with
excellent acid production and fruit flavor were selected. The optimum
conditions for the static fermentation of Kujippong vinegar were
investigated with these three strains. The optimum fermentation
condition of alcoholic fermented product was investigated by varying
the temperature and duration of pretreated Kujippong by setting
browning inhibition and clarification conditions. As a result, the alcohol
content was measured to be over 13% at the fermentation temperature
of 25℃ of low browning relatively. The quality characteristics of farm
made Kujippong vinegars were investigated by various temperature (20,
30, 35℃) and initial acidity (pH2, 3, 4) for Acetic acid bacteria. As a
result, strains A37 and B7 showed an excellent of 6.24% and 6.12% at
20℃ and initial pH4, respectively. In addition, the organic acid content
was increased by about 10 times, it was 3,866.9 mg/100 mL of the strain
A37 and 4,166.3 mg/100 ml of the strain B7 at the end of the fermentation.
Therefore, we intend to contribute to the commercialization of
Kujippong vinegar with high value added and functional ingredients
based on this study.
Keyword : Acetic acid bacteria, kujippong, vinegar

Microbial Production of Difructose Anhydride III (DFA III) from
Jerusalem artichoke Tuber Powder by Recombinant Yeast System
1,2

1

1

1,2

Hyunjun Ko , Jung-Hoon Bae , Mi-Jin Kim , Bong Hyun Sung ,
1,2*
Jung-Hoon Sohn
1
Synthetic Biology and Bioengineering Research Center, Korea Research
Institute of Bioscience and Biotechnology (KRIBB), 125 Gwahak-ro,
Yuseong-gu, Daejeon, 34141, Republic of Korea, 2Department of Biosystems
and Bioengineering, KRIBB School of Biotechnology, Korea University of
Science and Technology (UST), 217 Gajeong-ro, Yuseong-gu, Daejeon,
34113, Republic of Korea

Difructose anhydride III (DFA III), a functional sweetener, is
enzymatically produced from inulin by inulin fructotransferase (IFTase;
EC 4.2.2.18). Here, a recombinant yeast strain hyper-secreting IFTase
from Arthrobacter aurescens was developed by employing the
translational fusion partner technique, and the recombinant yeast
produced 77.5 g (64.6% yield) of DFA III from 200 g of crude extract
of Jerusalem artichoke tuber powder containing 120 g of inulin during
direct fermentation. The sugar purity of DFA III was increased up to 95%
by additional incubation with Kluyveromyces marxianus. This study is
the first report of the secretory production of recombinant IFTase in
Saccharomyces cerevisiae, and the direct conversion of DFA III from
crude extract of Jerusalem artichoke tuber powder by microbial
fermentation.
Keyword : Difructose anhydride III, Jerusalem artichoke tuber powder,
Saccharomyces cerevisiae
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Development of the Quantitative PCR Method to Monitor the
Growth of Zygomycetes and Aspergillus sp. in Their Mixed Culture
Condition
Solyi Kim, Inhyung Lee*
Department of Bio and Fermentation Convergence Technology, BK21+
Project, Kookmin University, Seoul 02702, Republic of Korea

In nature, different species of filamentous fungi grow simultaneously
and affect the growth and physiology each other. For example, several
molds are found during meju fermentation, and especially Aspergillus
spp. and Zygomycetes are frequently observed in the early stages of
fermentation. Aspergillus spp. are considered as major fungi because of
their dominance, however, Zygomycetes are also expected to play
important roles in meju fermentation. As the first step to understand the
interactions of Zygomycetes with Aspergillus spp., we developed the
quantitative PCR method to monitor the growth of Aspergillus spp. and
Zygomycetes in the mixed culture condition. For the qPCR method, we
designed total fungi primers and three fungal species-specific primers
(Aspergillus flavus, Rhyzopus oryzae and Mucor circinelloides) based
on the ITS region and the β-tubulin gene, which showed the
species-specificity when target gDNA and non-target gDNA were
mixed. The quantity of isolated genomic DNA measured by qPCR was
well correlated with fungal biomass. This developed indirect method to
monitor growth of fungi will be applied to evaluate the effects of
Zygomycetes on toxigenic Aspergillus during soybean fermentation
such as meju.
Keyword : Quantitative PCR, Zygomycetes, Aspergillus spp.
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Preparation of Cellulose Nanocrystals by Sulfuric Acid Treatment
*

Hyeon Jin Yeo, Bo Som Lee, Young Hoon Jung
School of Food Science and Biotechnology, Kyungpook National University,
Daegu 41566, Republic of Korea

Cellulose nanocrystals (CNCs) which are rod-shaped nanomaterials is
widely used in various industries because of its distinct advantages such
as high strength, good dispersibility, biodegradability, etc. CNC is
generally produced by removing specifically amorphous parts of
cellulose. However, there are still not enough information regarding how
CNC is manufactured during hydrolysis. Thus, this study examined the
change of key parameters during the CNC manufacturing process by
sulfuric acid treatment such as CNC yield, size and shape and pH of
supernatant. In addition, we investigated change in crystallinities of
CNC during preparation by XRD as well as CtCBD3 protein, which binds
specifically to crystalline cellulose. It was confirmed that crystallinity
of CNC kept increased during process of CNC production from Avicel,
showing 5 times higher at CNC compared to Avicel.
Keyword : Cellulose nanocrystal (CNC), carbohydrate binding module,
acid hydrolysis
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Development of Quality Indicator for Korean Traditional Soybean
Paste
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Seungyeon Baek, Nayoung Gil , Myeonghui Han , Soohwan Yeo ,
Jiyoung Moon*, Soyoung Kim*
Fermented and Processed Food Science Division, Department of Agrofood
Resource, NIAS, RDA, Jeollabuk-do 55365, Republic of Korea
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Jeongsil Choi, Young-Mi Kim, Seok-Tae Jeong
Fermented Food Science Division, National Institute of Agricultural
Sciences, RDA, Wanju 55365, Republic of Korea

This study was examined the changes in enzyme activities of nuruk
extract in various alcohol concentration (0, 5, 10, 15, and 20%) for 20
days at 25℃ in order to study the effect of alcohol concentration. The
activities of starch degradation enzyme like saccharogenic power, α
-amylase, and α-glucosidase in all the treatment were gradually
decreased on time. The activities of acidic protease and acidic
carboxypeptidase were increased until 7 days, however were decreased
after that. The activities of enzyme involved in discoloration like
polyphenol oxidase, tyrosinase were generally increased, however the
activity of polyphenol oxidase tends to be up and down in low alcohol
concentration.
Keyword : Enzyme activities, Nuruk, alcohol concentration

Poster Session

The purpose of this study is to develop the suitable quality index for
Korean traditional soybean paste. In order to evaluate the quality change
of the Korean traditional soybean paste, the most commonly purchased
product of Doenjang was used for this study. Based on the food codex
(KFDA) and Korean traditional food standard (NAQS), the items of
moisture, hunter value (L, a, b), salinity, pH, titratable acidity,
amino-type nitrogen, ammonia-type nitrogen, reducing sugar, and
microbial number etc. were investigated. The SD, +2SD, and +3SD
among the analytical values were carried out using Sigmaplot program.
Keyword : Soybean paste, doenjang

Changes in Enzyme Activities of Nuruk Extract in Different
Alcohol Concentration

451

C-33

C-35

Characteristics of Yakju Fermented with Sweet Type Yeast Strains
Isolated from Korean Traditional Starter Nuruk

The Effect of Mushroom Bacteria on the Reduction of Allergic
Substances in Rhus vermiciflue Stokes Stembark

Jin-ah Jeon, Ye-Seul Kwon, Seok-Tae Jeong*
Fermented Food Science Division, National Institute of Agricultural
Science, Wanju, Jeollabuk-do 55365, Republic of Korea

Jihyun Lee1, Hanseok Choi2, Seoktae Jeong1*
1
Department of Agrofood Resources, National Academy of Agricultural
2
Science, RDA, Wanju, Jeollabuk-do 55365, Republic of Korea, Department
of Agriculture and Fisheries Processing, Korea National College of
Agriculture and Fisheries, Republic of Korea

This study was conducted to investigate characteristics of sweet type
Yakju fermented with yeasts isolated from Korean traditional starter
‘Nuruk’. In order to select fermentable yeast for dry type Yakju, CO2
production ability, glucose and alcohol content were analyzed. Time
profile of CO2 evolution during Yakju brewing were YM42, Y263 which
is 2.4~15.8% higher than that of industrial yeasts(RP). The alcohol
content of the fermented Yakju from isolates was Y263, YM29
14.3~15.2% lower than that of RP(15.8%). Reducing sugar contents
were 17.0~55.5 mg/mL in the isolates yeasts. YM29, Y263 showed
5115.66~5589.02 mg% higher content of glucose compared to
RP(3169.24 mg%). Citric acid, lactic acid and succinic acid were
detected among the organic acids in all the Yakju. The sensory evaluation
showed that the intensity and preference of sweetness were the highest
in Y263 and YM29, respectively. Considering the reducing sugar,
glucose content and sensrory test, it was confirmed that Y263, YM29
yeast were suitable for the sweet type Yakju.
Keyword : Yakju, yeast, nuruk
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The Effect of MFC Fiber Morpholgies on Its Accessibilitiy
*

Jeong hwa Jang, Gi eon Park, Young Hoon Jung
School of Food Science and Biotechnology, Kyungpook National University,
Daegu 41566, Republic of Korea

One of the main parameters impeding commercialization of lignocellulose
is restricted surface accessibility of cellulose. Thereby, enhancing the
surface accessibility of cellulose is an important target for the conversion
of cellulose into glucose through enzymatic hydrolysis as well as for the
selective control of fiber modification in cellulose. So far, cellulose
accessibility has been measured mostly at macroscopic scale using
cellulose fibers. Thus, in this study, we measured the accessibility at
microscale by using redistributed microfibrillated cellulose through the
fractionation. Cellulose accessibility is mainly influenced by fiber sizes
and fibrillation degree and the increased accessibility of cellulose fibers
at microscale leads to increased surface area for reactions with enzyme
and polyethylene oxide.
Keyword : Microfibrillated cellulose, surface accessibility, cellulose
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This study conducted to find out the effect of Fomitella fraxinea on the
reduction of allergic substances in Rhus Vermiciflue Stokes Stembark.
Fomitella fraxinea was inoculated into raw materials, and the Urushiol
content was analyzed according to the fermentation process. Also,
laccase activity is the main factor of Urushiol removal was analyzed. The
comparison of the proliferative speed of Italian Milet, Brown rice,
Wholemeal and Rhus Vermiciflue Stokes Stembark incubation period
shows that the proliferative speed an Italian Milet is the fastest. Based
on the results of this culture, the Fomitella fraxinea was cultivated in the
Italian Milet and used as a seed culture. 10-50% seed culture of Rhus
Vermiciflue Stokes Stembark raw material was inoculated and
fermented for 7 days and recovered. According to the components
analysis results, 20% of seed culture and 40% of seed culture had the
highest activity of laccase. Also, Urushiol was the most rapidly removed
early on.
Keyword : Rhus Vermiciflue Stokes, fermentation, Fomitella fraxinea

Development of Quality Indicator for Korean Traditional
Gochujang
Myonghui Han, SeungYeon Baek, NaYoung Gil, SooHwan Yeo, JiYoung
*
Moon, SoYoung Kim
Fermented Processing Food Science Division, Department of Agrofood
Resource, NIAS, RDA, Jeollabuk-do 55365, Republic of Korea

The purpose of this study is to develop the suitable quality index for
Korean traditional Gochujang. In order to evaluate the quality change
of the Korean traditional Gochujang, the most commonly purchased
product of Gochujang was used for this study. Based on the food
codex(KFDA) and Korean traditional food standard(NAQS), the items
of moisture, hunter value(L, a, b), salinity, pH, titratable acidity,
amino-type nitrogen, ammonia-type nitrogen, reducing sugar, and
microbial number etc. were investigated. The SD, +2SD, and +3SD
among the analytical values were carried out using Sigmaplot
program(ver. 12.5).
Keyword : Gochujang, quality change
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Comparison of Binding Efficiency of Tailed S.
Typhimurium-Specific Phage with Genetically Modified
Filamentous Phage
Hwa-Eun Lee, Leesun Kim, Su-Hyeon Joung, Jaein Choe, Mi-Kyung
Park*
School of Food Science and Biotechnology, Kyungpook National University,
Daegu 41566, Republic of Korea

A tailed S. Typhimurium-specific (ST) phage was isolated and purified
from a slaughter house as a novel bio-receptor. Unlike a filamentous
phage, ST phage had an asymmetric structure (head and tail) with one
binding site with the target pathogen. The purpose of this study was to
compare the binding efficiency of the tailed ST phage with the genetically
10
modified filamentous phage. Both phages (10 PFU/ml) were immobilized
on sensor surface directly, which was measured by resonant frequency
shift. The sensor was then exposed to overnight culture of S.
2
8
Typhimurium with various concentrations (10 to 10 CFU/ml) and SEM
analysis was the carried out to confirm the degree of density of S.
Typhimurium. The phage density on the filamentous phage-immobilized
2
sensor (542 ± 14 phages/100 μm ) was greater than that of tailed
phage-immobilized sensor (410 ± 10 phages/100 μm2). As the
population of S. Typhimurium increased, the resonant frequency shift
of the phage-immobilized sensor increased linearly. However, there
were no significant differences in overall number and coverage of S.
Typhimurium between tailed and filamentous phages (p > 0.05). This
study demonstrated the tailed phage had a comparatively robust binding
efficiency with S. Typhimurium when compared with the filamentous
phage.
Keyword : Binding efficiency, tailed phage, filamentous phage
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Quality Characteristics of Traditional Jinmaekcho from Ancient
Literature
Hyeonjin Oh, Ji-Young Moon, Su-Jeong Lee, So-Yeong Kim, Soo-Hwan
*
Yeo
Fermented Processing Food Science Division, Department of Agrofood
Resource, NIAS, RDA, Jeollabuk-do 55365, Republic of Korea

Antioxidant Activity of the C30 Carotenoid,
4,4′-diaponeurosporene, Produced by Lactobacillus plantarum
Mibang Kim1, Eui-Sang Cho1, Myung-Ji Seo1,2*
1
Department of Bioengineering and Nano-Bioengineering, Graduate
School of Incheon National University, Incheon 22012, Republic of Korea,
2
Division of Bioengineering, Incheon National University, Incheon 22012,
Republic of Korea

Carotenoids are organic pigments with antioxidant properties produced
by various bacteria. In this study, we isolated six LAB strains harboring
carotenoid biosynthetic genes, diapophytoene synthase (crtM) and
diapophytoene desaturase (crtN) with yellow pigments which were
further identified as 4,4′-diaponeurosporene as C30 carotenoid. Among
the isolated strains, L. plantarum KCCP11226 showed the highest
carotenoid production level of 0.10 which was determined by A470/OD600.
The amount of carotenoid pigment produced by L. plantarum was
enhanced by the treatment with 7 mM hydrogen peroxide. Moreover,
both of crtN and crtM were upregulated by oxidative stress. L. plantarum
KCCP11226 showed a survival rate up to 380-fold higher under stress
condition than negative control. In addition, the DPPH radical scavenging
activity of the extracted carotenoid was determined to be 14.1%, which
was higher than that of BHT. Finally, the 4,4′-diaponeurosporene (C30
carotenoid)-producing L. plantarum KCCP11226 with antioxidant
activity could be applied in the development of functional fermented
foods.
Keyword : Antioxidant, carotenoid, Lactobacillus plantarum
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Establishment of Real-Time PCR Analysis to Assess the
Expression Level of CO2 Production-Related Genes in
Saccharomyces cerevisiae
*

Ji Yoon Yeon, Yong Gab Lee, Joo Hyun Lee , Seung Chul Yang, Hee Jung
Lim, Hye Jin Kim, Kang Uk Kim, Ki Ju Hong
R&D Center, Ottogi Corporation, Anyang-si 14060, Republic of Korea

Carbon dioxide (CO2) is produced as a by-product when yeast perform
aerobic respiration and alcoholic fermentation. CO2 production-related
genes in aerobic respiration of yeast are PDC (Pyruvate decarboxylase),
IDH (Isocitrate dehydrogenase) and KGD (α-Ketoglutarate dehydrogenase).
PDC gene is also related with CO2 production in alcoholic fermentation.
Saccharomyces cerevisiae, commonly known as baker’s yeast and
brewer’s yeast, cause CO2 production as the yeast feed on the glucose
source. Because the rate of CO2 production in yeast determine the quality
of fermented foods such as beer and bread, it is important to identify an
efficient methods for measuring CO2 gas production of S. cerevisiae. In
this study, we identified Real-Time PCR experimental conditions to
assess the expression level of CO2 production-related genes. Consequently,
we predict that quantitative expression analysis of genes related with CO2
production by Real-Time PCR would be helpful for the further research
in S. cerevisiae.
Keyword : Saccharomyces cerevisiae, Carbon dioxide, Real-Time PCR

Poster Session

In order to develop traditional fermented vinegar products unique to our
country, analyzed the quality of the Jinmaekcho of Sangayorock
according to manufacture of Ancient literature. Jinmaekcho was
reproduced by using wheat, water, and nuruk as raw materials, and the
components of pH, acidity, and aromatic pattern were analyzed for each
fermentation period (0 to 7 weeks). As a result, its pH remained constant
after dropping rapidly from the 1st week to 3.31, and the total acidity
and amino acid level were the highest at 1.64±0.02 and 6.45±0.13 at 5th
week, respectively. Acetic acid and citric acid were the major organic
acids of this vinegar. Free amino acids were measured in the order of
tyrosine (tasteless), proline (sweet taste), GABA, and histidine (sour
taste). The scent patterns of PCT (principal component analysis) for each
fermentation period showed a significant difference depending on the
fermentation period. The taste change was measured by using the taste
sensor. It was confirmed that the sour taste was significantly increased
at 3th week. In consequence, these results are expected to provide basic
data for the commercialization of excellent vinegar by improving the
process of traditional fermented vinegar.
Keyword : Ancient Literature, vinegar, reproduced
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Quality Characteristics of Rice Vinegar by Agitated and Static
Fermentation

Comparison of Raw Meat Quality and Protein-Gel Properties of
Turkey Breast Fillets Processed by Traditional or Cold-Batter
Mincing Technology

Sun Hee Kim, Joo-Yeon Kim, Ji-Young Moon, So-Young Kim, Soo-Hwan
Yeo*
Fermented Processing Food Science Division, Department of Agrofood
Resource, NIAS, RDA, Jeollabuk-do 55365, Republic of Korea

Hong Chul Lee1*, Pranjal Singh2, Gale M. Strasburg2, Brad P. Marks3,
Hyun Woo Jin4, Iksoon Kang1*
1
Department of Animal Science, College of Agriculture, Food and
Environment Science, California Polytechnic State University, San Luis
2
Obispo, CA 93407, USA, Department of Food Science & Human Nutrition,
3
Department of Biosystems Engineering, College of Agriculture and Natural
Resources, Michigan State University, East Lansing, MI 48824, USA,
4
Department of Biology; Joint Program-College of Dentistry, College of Arts
& Science, New York University, 100 Washington Square East, New York,
NY 10003-6688, USA

Quality characteristics of rice vinegar by using agitated and static
fermentation were compared. pH was reduced with passage of acetic acid
fermentation time. Total acidity of the agitated rice vinegar (AV) was
5.02% at the 9 day according to the progress of two-stage fermentation
and that of the static rice vinegar (SV) recorded 5.21% at the 14 day of
traditional fermentation. In the analysis DPPH radical scavenging
ability, AV and SV showed the highest elimination rates of 42.0% at 10
day and 20.1% at 21 day, respectively. The analysis of free amino acids
revealed that he contents of arginine, alanine, γ-aminobutyric acid, and
ornithine in AV was higher than SV. Acetic acid accounted for the highest
content of organic acids in both of them. In sensory evaluation of both
vinegars for beverages and season types, AV showed the highest taste
and overall preferences. From all of these results, the rice vinegar through
agitated fermentation increased the fermentation speed by about two
times compared to static fermentation, and the antioxidant power by
more than two times.
Keyword : Rice vinegar, rapid culture, static culture
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Optimal Genetic Transformation Conditions of Sporolactobacillus
sp. by pCB4170 and pMG36e Vectors
ll Gyo Lee, Seo Yeon Kim, Ya-Yun Cheng, Seul-Ah Kim, Jae-Han Bae,
*
Nam Soo Han
Brain Korea 21 Center for Bio-Resource Development, Division of Animal,
Horticultural, and Food Sciences, Chungbuk National University, Cheongju
28644, Republic of Korea

Sporolactobacillus spp. are known to over-produce high-purity of
D-lactic acid that well known as a substrate to synthesize ploy D-lactic
acid (D-PLA) which is a bio-degradable plastic. Despite its importance
in biotechnology, few researches have been conducted on this genus for
genetic engineering due to lack of available gene expression system.
Therefore, the aim of this study was to establish an efficient genetic
transformation protocol for Sporolactobacillus sp. For genetic
transformation, we used pCB4170 and pMG36e that were developed for
Leuconostoc citreum and Lactococcus lactis, respectively. For this,
competent cell was prepared with penicillin G and two plasmids were
transformed into two strains by electroporation methods. As a result, the two
vectors were successfully transformed into species of Sporolactobacillus
and the penicillin G treated strains showed improved levels of
transformation. The transformation efficiencies of pCB4170 and and
pMG36e were, CFU per ㎍ DNA, respectively. In conclusion, pCB4170
and pMG36e are applicable to the Sporolactobacillus sp. and these
optimized conditions can be used for further genetic engineering of
Sporolactobacillus spp.
Keyword : Sporolactobacillus, electroporation, transformation efficiency
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This study was conducted to evaluate the effects of cold batter mincing
on meat quality and protein functionality, using turkey fillets that were
chill-boned (CB) or hot-boned (HB) with crust-freeze-air-chilling
(HB-¼-CFAC) at -12℃. For each of four replications, 48 toms (male)
were raised and processed at Michigan State University Poultry Farm
and Meat Laboratory, respectively. After evisceration, the turkeys were
subjected to one of the four treatments: (1) traditional mincing of CB
fillets after water immersion chilling (WIC); (2) cold batter mincing of
WIC, CB, quarter-sectioned (¼), and CB-¼CFAC; (3) traditional
mincing of HB-¼CFAC fillets; and (4) cold batter mincing of
HB-¼CFAC fillets. Before mincing, the pH and R-values of turkey fillets
in HB-¼CFAC were higher and lower, respectively, than those in CB
fillets. During cold-batter mixing, the initial batter temperatures at -1.5
to -2.1℃ reached 1.5℃ and 14℃ at 6 and 12 min, respectively, and ended
at 26 to 31℃ at 24 min. During traditional mincing, the initial batter
temperatures at 3 to 4℃ increased by ~10℃ every 6 min, and ended at
32 to 35℃ with higher batter temperatures seen for the 2% salt than the
1% salt batter. Dynamic rheological properties indicated that the
cold-batter mincing showed elevated G' compared to the batters of
traditional mincing, regardless of mixing time, indicating that the
gel-setting temperature was reduced in the cold-batter mincing,
potentially due to the different amounts of extracted protein and
structural change. After cooking, improved cooking yield and protein
functionality were observed in the batter of HB-¼CFAC fillets than the
batter of CB fillets as well as in the batter of 2% salt than the batter 1%
salt (P < 0.05). These results indicated that HB-¼CFAC fillets produced
superior raw meat quality over the CB fillets, and cold batter mincing
of HB-¼CFAC fillets significantly improved protein functionality
compared with the traditional mincing of CB fillets (P < 0.05).
Keyword : Hot-boning, crust-freezing, cold mincing
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Analysis of the Quality of Nuruk and Makgeolli Made with Mold
and Yeast Isolated from Traditional Nuruk

Quality Characteristics of Makgeolli by Making of Rice Nuruk
Prepared by A. oryzae IF18-2

EuiHyoun Jung, Soo-hwan Yeo, So-Young Kim, Ji-young Moon*
Fermented Processing Food Science Division, Department of Agrofood
Resources, NIAS, RDA, Jeollabuk-do 55365, Republic of Korea

Joo Yeon Kim, Ji Young Moon, So Yeong Kim, Soo Hwan Yeo*
Fermented Processing Food Science Division, Department of Agrofood
Resource, NIAS, RDA, Jeollabuk-do 55365, Republic of Korea

In this study, wheat pellet-Nuruk and sorghum-Nuruk were prepared by
using the native fermented strain A. luchuensis 34-1, which has superior
starch and protein degrading ability, and the quality characteristics of
Makgeolli were investigated with cultured yeast Y260 and Y297. As a
result of searching for optimum fermentation conditions, wheat
pellet-Nuruk used 10% of rice and 300% of water, Sorghum-Nuruk was
superior to using 15% of rice and more than 200% of water. The
Makgeolli was prepared by the selected Makgeolli method.
Experimental strains, commercial Nuruk and commercial yeast were
cross - used and compared. The Y260 and Y297 yeasts showed higher
alcohol production ability than Control (La parisienne), which is a
commercially available yeast, and showed possibility of substituting
yeast for Makgeolli production. Wheat pellet-nuruk and
sorghum-Nuruk showed higher alcohol-producing ability than
commercial-Nuruk, and they were also evaluated in sensory evaluation
results.
Keyword : Nuruk, starter, Makgeolli

This study was investigated the quality characteristics of Makgeolli
containing of rice Nuruk inoculated with A. oryzae IF18-2.The pH during
fermentation decreased from 5.10 and 5.19 on the initial fermentation
period (0 day) to 4.05 and 4.34, corresponding to increases in acidity from
0.01% to 0.35~0.37% respectively. The sugar contents increased from
0.95~1.25°Brix of the initial day to 13.85~14.6°Brix, and the levels of
alcohol increased to 15.35~14.6% by 9 day, respectively. According to
the quality analysis of Makgeolli the physiochemical property was
increased for the fermentation period, and the alcohol differed by Nuruk
ratio. Among the organic acid contents, lactic and succinic acid was the
main material. The content of total free amino acid in 15% (62.45mg/ml)
rice Nuruk were 1.5 time higher than that in 10% (40.12mg/ml)fermented
agents. The quality of Makgeolli was changed with the composition
differences of organic acid and free amino acid by rice Nuruk ratio. Thus,
this study shows the possibilities for activating the industry of Makgeolli
manufacturing by improving the Nuruk.
Keyword : Makgeolli, Nuruk, quality

C-45

C-47

Transcriptomic Analysis of Leuconostoc citreum EFEL2700 in
Media Containing Glucose, Sucrose, or Arbutin

Extract of Hericium erinaceum Cultivated with Mulberry Leaves and
Robusta Improve Blood Flow in High-Fat Diet Induced Obese Mice
*

Seo Yeon Kim, Ye-Ji Jang, Seul-Ah Kim, Jae Han Bae, Nam Soo Han
Brain Korea 21 Center for Bio-Resource Development, Division of Animal,
Horticultural, and Food Sciences, Chungbuk National University, Cheongju
28644, Republic of Korea

1

1

This study investigated whether extract of Hericium erinaceum
cultivated with mulberry leaves (HEML) and robusta (HER) can
improve blood flow in high-fat diet induced obese ICR mouse. For this
purpose, ICR mouse were randomly divided into three groups, which
were the control group (normal water for 6 weeks), and the HEML group
(extract of HEML for 6 weeks), and the HER group (extract of HER for
6 weeks). To observe the effect of blood flow improvement in mice, each
groups were fed the same high-fat diets (60% kcal fat diet). The results
showed that weight change, final weight, and visceral adipose tissue were
decreased in HEML and HER groups compared to control group. The
levels of serum triglyceride and glucose were significantly lower in HER
group compared to control group. And the level of serum GPT decreased
in HEML group. In addition, adipocyte size of HEML and HER groups
was significantly decreased compared that of control group. Antidiabetes effects in HEML and HER groups were confirmed by glucose
tolerance test. Our data suggest that HEML and HER can be a potentially
used for controlling obesity related metabolic disease by decreasing
hyperlipidemia and hyperglycemia.
Keyword : Anti-obesity, Hypolipidemic effect, Hericium erinaceum

Poster Session

Leuconostoc citreum EFEL2700 isolated from kimchi has been used as
a food-grade host strain for genetic engineering studies. To construct an
efficient gene expression system, understanding metabolic regulation
under different carbon sources is of great necessity. Therefore, the aim
of this study was to analyze the transcriptional changes of L. citreum
EFEL2700 to recognize the genes related with uptake and metabolism
of sugars and glycoside during the cell growth in the media containing
glucose, sucrose, or arbutin. L. citreum EFEL2700 was cultivated in three
different media up to early exponential phase and RNAs were obtained
from the cells harvested for RNA-seq analysis. After data filtering, 1,826
genes were detected in transcriptome analysis, of which 636 genes
showed significant differences between three samples (fold change ≥
2, p < 0.05). The COG analysis showed that, in sucrose medium, amino
acid transport and metabolism (especially dextransucrase) and
nucleotide transport and metabolism (especially FAD) groups were
up-regulated compared to glucose medium. Meanwhile, in arbutin
medium, carbohydrate transport and metabolism (especially PTS
system) and transcription groups were up-regulated. This study provides
basic information of the genes induced or repressed in the media
containing sucrose or arbutin compared to glucose medium. By using
these transcriptome data, we can understand the regulatory mechanism
of different sugars and glycoside in L. citreum.
Keyword : Transcriptomic analysis, Leuconostoc citreum EFEL2700,
carbon sources
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Development of Leuconostoc lactis – Specific Real Time PCR
Assay and Its Application for Identification and Enumeration in
Fermented Foods
*

Seul-Ah Kim, Nam Soo Han
Brain Korea21 Center for Bio-Resource Development, Division of Animal,
Horticultural, and Food Science, Chungbuk National University, Cheongju,
28644, Republic of Korea

Leuconostoc lactis act important role as starter cultures used in the
fermented foods. In this study, species - specific primer sets detecting
only L. lactis were designed based on the genome database of L. lactis
EFEL005 and the qRT-PCR method was applied to examining the
changes in microbial populations during cheese and kimchi fermentation.
As result, a hypothetical protein gene Llac_03470 was selected as the
target gene for L. lactis detection and expected band was amplified from
L. lactis strains but no bands were detected from other reference species.
Quantitative qRT-PCR standard curve for L. lacis was established and
applied to enumerate the changes of their populations during progress
of cheese and kimchi fermentation. In conclusion, the newly designed
PCR primer set can be regarded as effective and sensitive method to
detect only L. lactis from other species and qRT-PCR can be used to
monitor L. lactis during food fermentation.
Keyword : Species-specific primer, genome based PCR, Leuconostoc
lactis
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Woo-Chang Lee1, Kyu-Taek Choi1, Sae-Byuk Lee1, Min-Keong Chae1,
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Korea, 3Hankook Wine Co., Ltd., Yeongcheon-si, Gyeongsangbuk-do,
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Muscat Bailey A (MBA) grape cultivar has been spotlighted as a good
material for winemaking because this contains higher sugar contents and
anthocyanins compared to Campbell Early which is the major grape
cultivar in Korea. However, the quality of MBA wine is still not enough
to compete with imported wine due to weaker flavor and several
researchers are considering malolactic fermentation (MLF) as a good
way to provide the competitiveness of MBA wine. MLF is secondary
fermentation that typically arises after alcohol fermentation by yeasts.
It converts malic acid into lactic acid by some malolactic bacteria such
as Oenococcus oeni, Lactobacillus plantarum, and Pediococcus sp.,
which results in the reduction of acidity and the production of the plentiful
aromatic compounds in wine. Since spontaneous MLF is randomly
occurred by indigenous malolactic bacteria, the form of starter has been
widely utilized but it still requires a long time to complete MLF. Because
delayed MLF is attributed to the low ethanol tolerance of malolactic
bacteria, it is necessary to establish optimal conditions depending on
different strains for inducing MLF. In this study, thus, the effects of
inoculation time and initial cell density of Lactobacillus plantarum and
Oenococcus oeni on the induction of MLF were investigated to improve
the quality of MBA wine.
Keyword : Malolactic fermentation, L. plantarum, O. oeni
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New Strategy of Food Preservation Combining Heat Treatment
and Thermostable Phages
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Although thermal pasteurization is a powerful tool to inactivate
pathogenic bacteria and increases the shelf life of food products,
outbreaks of foodborne pathogens do still occur in heat-treated food
product due to improper heat treatment or recontamination after heat
treatment. Thus, an additional strategy to control residual foodborne
pathogens is desired to maintain food safety. Here, we designed a hurdle
strategy employing simultaneous heat treatment and thermostable phage
application to control foodborne pathogens. The thermostable Salmonella
phages that can withstand thermal pasteurization step were isolated by
a modified phage isolation method including heat treatment of samples
at 70 ℃ for 30 min. More than 93% of the isolated phages could tolerate
heating at 70 ℃ for 30 min equivalent to the pasteurization condition.
Phage cocktail containing three different thermostable phages using
diverse receptors were constructed to reduce the chance of resistance
6
development and to expand the host range. After milk containing 10
4
PFU/mL of phage cocktail was pasteurized, 10 CFU/mL Salmonella
was injected to mimic pathogenic contamination events. The number of
residual phages was not significantly different from initial phage titer
after pasteurization and 5.71 log reduction was achieved after 24 hours
at 25 ℃. Taken together, this study suggested not only efficient method of
isolating thermostable phages but also a new food preservative strategy.
Keyword : Food preservation, thermostable phage, hurdle technology
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Optimization of Inoculation Conditions of Lactobacillus plantarum
and Oenococcus oeni to Improve the Quality of Muscat Bailey A Wine

Identification of Bacteria and Yeast Isolation from Green Tea
Kombucha
*

Hye Jung Shin, Jae Young Kim, Sae Hun Kim
Department of Food Bioscience and Technology, College of Life Science and
Biotechnology, Korea University, Seoul 02841, Republic of Korea

Kombucha is a type of fermented tea made by adding various
microorganisms and sugar to brewed herb tea like green tea, black tea.
Its fermentation consortium of microorganism is mainly composed of
acetic acid bacteria and yeast. In this study, microbial diversity of
kombucha was analyzed and its microorganisms were identified during
processing. Kombucha we used was fermented by adding starter
inoculated with scoby. Starter and kombucha were fermented for 14 days
each and we analyzed microbial diversity and quantification at the first,
seventh, and 14th day during fermentation by quantitative PCR. For
qPCR, the conserved region of yeast and bacteria were used with the ITS
region, the 26s rRNA gene for yeast, and the 16s rRNA for bacteria. The
isolation of yeast and bacteria were cultured in WL, MRS, YPD and SDA
agar for its identification. Our study revealed the microbial diversity,
quantified the microorganisms of kombucha, and understood the role of
the microbial community.
Keyword : Kombucha, acetic acid bacteria, yeast
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Suppression of Salmonella Typhimurium Virulence by Engineered
Bacteriophage Lysogenization

Selection of Yeast and Raw Material for Shochu (Korean Type
Spirits) Based on Metabolite Analysis

Jinwoo Kim1, Sangryeol Ryu1,2, Minsik Kim3*
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08826, Republic of Korea, Department of Food and Nutrition, College of
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HyeRyun Kim*, TaeWan Kim, AeRan Lee, SunHee Kang
Research Group of Traditional Food, Korea Food Research Institute, 245,
Nongsaengmyeong-ro, Iseo-myeon, Wanju-gun, Jeollabuk-do 55365,
Republic of Korea

Since development of new antibiotics has been challenging with
continuous emergence of drug-resistant bacteria, targeting bacterial
virulence rather than viability is suggested as one of promising
approaches to combat pathogens. Here, we investigated a possibility of
engineered bacteriophages expressing key negative regulators to
suppress virulence of the foodborne pathogen Salmonella Typhimurium.
A gene of negative regulator associated with Salmonella pathogenicity
islands (SPIs) under the control of artificial strong constitutive promoter
was inserted into the Salmonella-specific temperate phage SPC32H
genome. When Salmonella cells lysogenized with the engineered phages
were exposed to the SPI-1-induction condition, the expression of
Salmonella virulence genes including hilD and hilA was significantly
reduced at both the transcription and translation steps. Consequently,
Salmonella showed a dramatically decreased ability to invade human
epithelial cells by lysogenization of the engineered phages. After a
further in vivo validation, this proof-of-concept study could pave a novel
way to control pathogenic bacteria using the engineered temperate
phages and could alleviated concerns on the antibiotic-resistance.
Keyword : Engineered bacteriophage, bacterial virulence, Salmonella
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The traditional alcoholic beverages such as makgeolli, yakju and shochu
are cultural products that retain Korean history and tradition.
Globalization of these Korean alcoholic beverages is being promoted
via emphasis on their tradition and modernization of their quality. In this
study,we brewed Korean alcoholic beverage using different wild type
yeasts and raw materials, and then investigated quality index components
as changes in metabolites. The metabolites of Korean alcoholic beverage
were simultaneously analyzed by LC/MS and SPME-GC/MS.
Metabolites profiling of Korean alcoholic beverage were affected by raw
materials. As a result, the samples taken at different raw materials were
significantly separated from each other in the PLS-DA score plots with
good quality parameters (R2X, R2Y, and Q2>0.529). To investigate the
metabolites related to the raw materials of Korean alcoholic beverage,
the components related to raw materials were explored through the
metabolite profiling, correlation analysis, and heatmap analysis. We
found the wild type yeasts according to the raw materials in Korean
alcoholic beverages and set the condition of which can produce the
Korean alcoholic beverages having good flavor components.
Keyword : Yeast, raw material, metabolite
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Metabolomics Approach to Compare Six Traditional Fermented
Soybean Products in East Asia
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Seonah Lee , Kkot Byeol Kim , Jung-Hee Kim
1
Research Institute, Seoul Medical Center, Seoul 02053, Republic of Korea,
2
Department of Neurosurgery, Seoul Medical Center, Seoul 02053, Republic
of Korea

Centella asiatica is a natural product known to be effective for diabetes,
anti-inflammatory effect and etc. Antioxidant effects are also different
depending on how natural materials are extracted. Components that have
a high antioxidant effect include polyphenols and polyflavonoids. The
purpose of this study is to find out the number of antioxidant compounds
by extracting the extracts of the Centella asiatica plants. The extracts for
extracting the Centella asiatica extracts are different from those for
extracting methanol, ethanol and water. Total polyphenols and total
flavonoids, which exhibit high antioxidant activity, are analyzed with
the Centella asiatica. We will analyze free radical scavenging ability
using DPPH, an experimental method to examine the ability to eliminate
free radicals. Depending on the extraction solvent, antioxidant activity
and antioxidant activity are different. It was also found that there are
many differences depending on the composition of the extraction
solvent. In this experiment, ethanol extracts of Centella asiatica showed
the best antioxidant activity. There are many antioxidant substances in
the Centella asiatica, which vary greatly depending on the method of
extraction. Therefore, it is important to find the optimal extraction
solvent composition in order to see the effect of antioxidant activity.
Keyword : Centella asiatica, antioxidative activity, extract solvent
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Soybean were a important crop in East Asia long. Many ethnic fermented
soybean products (FSPs) were developed and have long been consumed
as a seasoning and protein source in East Asia. FSPs are also gaining
attention globally as healthy foods. The objectives of this study are to
evaluate quality of various FSPs in metabolomics approach and
antioxidant activity and to find the relationships between the FSPs and
their antioxidant activity. Herein, we performed non-targeted metabolite
profiling with multivariate analysis of six traditional FSPs (Natto; NT,
Cheonggukjang; CG, Doenjang; DJ, Miso; MS, Doubanjiang; DB,
Tianmianjiang; TM) in East Asia. Additionally, antioxidant activity and
physicochemical properties were determined. As a result, six FSPs could
be clearly distinguished by PCA and PLS-DA analyses. Overall, 31
primary and 23 secondary metabolites were identified significantly
discriminant (VIP > 1.0, p < 0.05) among six FSPs. We observed that
amino acids were relatively higher in NT and CG, sugar & sugar alcohols
were relatively higher in MS and TM, isoflavone glycosides were
relatively highest in CG, isoflavone aglycons were highest in DJ,
soyasaponins were highest in CG, capsaicinoids were highest in DB and
flazin was highest in TM. ABTS of six FSPs followed the order NT >
CG > DJ > MS = DB = TM. We assume that primary metabolites were
affected by main ingredients and secondary metabolites were most
influenced by fermentation time. Further, we inferred that soybean
content was contributed to antioxidant activity more than fermentation
time among six FSPs.
Keyword : Fermented soybean products, metabolomics, antioxidant activity

Antioxidative Activity Analysis of Centella asiatica Extract by
Extraction Solvent
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Nutritional Components and Antioxidant Activity of Apple
Pomace

A Study on Efficacy Enhancement of the Fermented Hwangryunhaedoktang
as Anti-Acne Material Using Lactobacillus plantarum from Kimchi

Jieun Kim, Jiyoung Shin*, Ji-young Yang*
Depatment of Food science&Technology, Pukyong National University,
Busan 48513, Republic of Korea

Hojae Lee, Hyelyeon Hwang, Seong Woon Roh, Tae-Woon Kim, Sung
Wook Hong*
World Institute of Kimchi, Gwangju 61755, Republic of Korea

This study analyzed the nutritional components, ursolic acid content and
antioxidant activity of different solvent(methanol, fermented alcohol,
distilled water) extracts to increase the utilization of apple pomace,
which is a by-product after processing of apple. The moisture,
carbohydrate, protein, fat, ash and total dietary fiber of hot air-dried apple
pomace were 3.2%, 88.5%, 3.9%, 2.4%, 2.0% and 28.5%, that of
freeze-dried apple pomace were 8.2%, 84.2%, 3.4%. 2.4%, 1.8% and
33.0%, respectively. Total phenol content and total flavonoid content of
hot air-dried apple pomace were highest at 283.5 μg/mL and 949.9 μg/mL
in methanol extracts and those of freeze-dried apple pomace were highest
at 266.3 μg/mL and 921.4 μg/mL in methanol extracts. DPPH radical
scavenging activitiy of hot air-dried apple pomace was 77.7% in
methanol extract and 76.3% in fermented alcohol extract, and that of
freeze-dried apple pomace was 77.1% in methanol extract and 74.8%
in fermented alcohol extract. Both samples showed the lowest
antioxidant activity in distilled water extracts. Also, both samples
showed higher ABTS scavenging activity in the order of methanol,
fermented alcohol and distilled water. Ursolic acid was not detected in
distilled water extract of both sample. But in hot air-dried apple pomace,
methanol extract was 1753.32 μg/mL and fermented alcohol extract was
1532.94 μg/mL. In freeze-dried apple pomace, methanol extract was
1407.04 μg/mL, fermented alcohol extract was 1221.81 μg/mL.
Keyword : Apple pomace, ursolic acid, antioxidant activity

The present study was to enhance anti-oxidative, antibacterial and
anti-inflammatory functions of oriental medicinal plants through
fermentation of kimchi lactic acid bacteria that have possessed beneficial
physiological activities for the human body. To screen kimchi lactic acid
bacteria that have excellent anti-acne activity, lactic acid bacterium that
showed excellent antibacterial activity and anti-oxidative and antiinflammatory efficacy against Cutibacterium acnes, the acne causing
microorganism, was isolated from kimchi, which was consequently
identified as Lactobacillus plantarum CK9. To culture the selected L.
plantarum CK9, main ingredients of Hwangryunhaedoktang including
2.0%(w/v) Scutellaria radix, Coptis radix, Phellodendron bark, and
Gardenia jasminoides as well as 0.5% (w/v) yeast extract were mixed,
followed by water extraction at 121℃ for 2 h, and then L. plantarum CK9
was inoculated and cultured in the water extract. By monitoring growth
every 12 h, the growth rate reached to the maximum after 36 h of culture.
The supernatant of kimchi lactic acid bacterial culture was subjected to
evaluation of antibacterial activity against Cutibacterium acnes, a
microorganism harmful to the skin, which found that the fermentated
Hwangryunhaedoktang had an excellent growth inhibitory activity
based on generation of clear zone, whereas non-fermented
Hwangryunhaedoktang had a weak inhibition. Tests on ABTS and DPPH
radical scavenging activities showed an increase in anti-oxidative and
SOD–like activities, which showed that anti-oxidative activity of
Hwangryunhaedoktang increased through fermentation of the kimchi
lactic acid bacteria. Nitric oxide generation as tested by LPS-treated raw
264.7 cell as well as reduction in expression levels of inflammatory
response-related cytokines including TNF-α, IL-1β and IL-6 confirmed
enhancement of anti-inflammatory efficacy by the fermented
Hwangryunhaedoktang. Hwangryunhaedoktang fermented by L.
plantarum CK9 should have a high anti-acne efficacy, so that it was
considered to have a high application potential as cosmetics or treatment
material for skin disease.
Keyword : Hwangryunhaedoktang, anti-acne, Lactobacillus plantarum
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Discovery of Potential Metabolomic Biomarkers for Reliable
Diagnosis of Behcet’s Disease
*

Yufei Li, Jungyeon Kim, Kyoung Heon Kim
Department of Biotechnology, Graduate school, Korea University, Seoul
02841, Republic of Korea

Behcet’s disease (BD) is a chronic and systemic vasculitis of unknown
aetiology which is lacking of available biomarkers. Although many
diagnostic criteria have been developed, diagnosing BD is still
complicated and challenging for its heterogeneity. To identify the
potential biomarkers and investigate possible aetiology of BD,
metabolomics has been performed. A total of 104 metabolites were
identified including 45 BD patients and 45 healthy controls (HC) via gas
chromatography with time-of-flight mass spectrometry (GC/TOF–
MS). Partial least squared-discrimination analysis (PLS-DA) model
using 104 metabolites distinguished BD patients from HC. Five putative
biomarkers, which named decanoic acid, fructose, tagatose, linoleic acid
and oleic acid, were suggested based on univariate analyses. A PLS-DA
model using five biomarkers were created to suggest a robust diagnostic
model for BD. The PLS-DA model clearly distinguished BD patients
from HC and it was also validated by testing 20 external serum samples.
This is the first metabolome research on characteristic metabolic profiles
and potential metabolite biomarkers in serum for reliable diagnosis of
BD by using GC/TOF–MS.
Keyword : Behcet’s disease, biomarkers, metabolomics
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Quality Characteristics and Functional Activities of Fermented Doraji
Beverage with Lactobacillus plantarum WiKim0088 from Kimchi

Whole-Cell Bioconversion of D-Psicose and D-Mannitol Using
Metabolically Engineered Corynebacterium glutamicum

Hyelyeon Hwang, Ho Jae Lee, Seong Woon Roh, Tae-Woon Kim, Sung
Wook Hong*
World Institute of Kimchi, Gwangju 61755, Republic of Korea
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Seon-Won Kim3, Hyun-Dong Paik1*, Jung-Kee Lee2
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Platycodon grandiflorus is a species of herbaceous flowering perennial
plant. InKorea, the plant as well as its root is referred to as doraji. The
fresh or dried root is one of the most common namul vegetables. The
extracts and purified platycoside compounds (saponins) from the roots
of Platycodon grandiflorum were reported to have a wide range of health
benefits including neuroprotective, antimicrobial, anti-inflammatory,
anti-cancer, anti-allergy, improved insulin resistance, and
cholesterol-lowering properties. A total of 1,000 speciesof lactic acid
bacteria isolated from various kimchi were screened for the potential
antioxidant activities by investing their superoxide dismutase activity.
The selected strain as a fermentation starter of doraji beverage was
identified as Lactobacillus plantarum WiKim0088 by 16S rRNA gene
sequence analysis. Quality characteristics and functional activitiesof
fermented doraji beverage were investigated with commercial products.
Doraji beverage fermented by L. plantarum WiKim0088 showed the
highest proteolytic enzyme activity (14 mm diameter). Based on the agar
well diffusion methods, fermented doraji beverage has demonstrated the
antibacterial activity (12 mm diameter) against Candida albican. The
sugars and organic acids were separated by HPLC using sugar-pak
column and a refractive index detector. Sugar and organic acid contents
were fructose (72.7 g/L), glucose (67.9 g/L), mannitol (5.6 g/L), and
lactic acid (5.2 g/L), acetic acid (2.4 g/L), respectively.
Antioxidantactivity was conducted by measuring superoxide dismutase
(SOD) levels. It showed that, in the fermented doraji beverage, SOD
activity (87.6%) increased significantly compared with the commercial
products as a negative control group (p<0.05). These results suggested
that the quality and functional activities of the doraji beverage can be
enhanced by fermentation with L. plantarum WiKim0088 as a starter
culture.
Keyword : Doraji beverage, Lactobacillus plantarum, antioxidant
activity

D-Psicose (D-ribo-2-hexulose or D-allulose) is a rare sugar and a C-3
epimer of D-fructose. It has 70% of the relative sweetness of sucrose,
but has almost zero caloric value. The D-psicose was produced from
low-cost substrate, D-fructose by whole-cell bioconversion using
D-psicose 3-epimerase (DPEase) gene in Escherichia coli. We used
Corynebacterium glutamicum ATCC 13032 as host which is widely used
for the industrial production of useful metabolite, and is identified as a
‘Generally Recognized As Safe’ (GRAS) strain in the food industry.
After D-piscose bioconversion from D-fructose, residual fructose
caused a problem during D-psicose purification. D-mannitol is known
to have low solubity, so we developed a recombinant strain which
converted the residual D-fructose to D-mannitol by using D-mannitol
dehydrogenase (MDH) and D-formate dehydrogenase (FDH) genes. In
order to increase concentration of intracellular fructose for D-psicose
production, D-fructose metabolic pathway was reconstructed in C.
glutamicum using glcp gene which encodes non-PTS fructose
transporter from Rhodococcus. sp BH4. Finally, we constructed ISCg2
element-deletion mutant as a host strain to improve production of
recombinant proteins for bioconversion.
Keywords : Corynebacterium glutamicum, D-psicose, D-mannitol
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Screening Makgeolli-Derived Lactic Acid Bacteria from Human
Feces after Makgeolli Consumption

Quality Characteristics of Lysine-Enriched Rice Fermentation
Using Lactic Acid Bacteria

Wong Jeong, Seohyun Kang*, Hakdong Shin*
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Sejong University, Seoul 05006, Republic of Korea

Hye Sun Choi, In Duck Choi, Seuk Ki Lee, Ji Young Park, Nam Geol Kim,
Dong Sun Shin, Jang Hwan Park
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(RDA), Suwon 16613, Republic of Korea

In order to develop new probiotics, it is essential to evaluate acid
resistance, bile resistance and mucus adhesion ability to candidate
strains. Screening of makgeolli-derived lactic acid bacteria (LAB) from
fecal samples after ingesting makgeolli can be used as a strategy to secure
novel strains. This study was conducted to identify Lactobacillus,
derived from makgeolli that settles well in human intestinal environments.
We selected one subject from each enterotype (Bacteroides type or
Prevotella type) that shows the highest increase in LAB after consuming
makgeolli. The screening results of Prevotella type fecal sample showed
that L. ruminis was the most abundant at 93.2%, L. fermentum was 3.4%,
L. brevis was 2.2% with minor L. modestisalitolerans, L. senioris, L.
paraplantarum, and L. plantarum strains. In contrast, Bacteroides type
sample had 77.5% of L. plantarum, 19.0% of L. brevis, 1.3% of
L.paracasei, 1.1% of L. paucivorans with minor L. sakei, L. parabuchneri
strains. The limitation of this study is the number of the subject was one
from each enterotype. However, we found that LAB adaptation differed
according to enterotypes or subjects. This study provides helpful
information to develop personalized probiotics.
Keyword : Lactic acid bacteria, microbiota, Makgeolli
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Effect of Gamma Irradiation on the Microbiological and
Physicochemical Characteristics of Kimchi Paste during Storage
Seul-Gi Jeong, Jung Eun Yang, Ho Myeong Kim, In Seong Choi, Ji Yoon
Chang, Hae Woong Park*
Research and Development Division, World Institute of Kimchi, Gwangju
61755, Republic of Korea

The aim of this study was to investigate antimicrobial efficacy of gamma
irradiation in noninoculated and inoculated kimchi paste and to
determine the effect on product quality. Kimchi paste samples were
irradiated by gamma rays at doses ranging from 0 to 10 kGy. Along with
increased radiation dose, the inactivation effect increased among all
tested microorganisms. After 10 kGy of gamma irradiation exposure,
numbers of total aerobic bacteria and lactic acid bacteria were reduced
by 3.29 and 4.78 log CFU/g, respectively. The levels of Escherichia coli
O157:H7 and Salmonella Typhimurium were reduced to below the
detection limit (1 log CFU/g) after 5 kGy of gamma irradiation. The
changes in pH, acidity, reducing sugar content, and headspace gas
concentrations were significantly (P < 0.05) delayed in kimchi paste
subjected to gamma irradiation. Color values of irradiated kimchi paste
were not significantly (P > 0.05) different from the control. These results
suggest that gamma irradiation could improve the microbiological safety
and shelf life of kimchi paste without adversely affecting quality.
Keyword : Gamma irradiation, kimchi paste, foodborne pathogens
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Recently, the cereal-based beverage market is growing, and the main raw
material rice is a good grain that can replace milk. In addition, probiotics,
which are lactic acid bacteria, have been reported to have various health
functions, such as anti-cancer, immunomodulatory effects, and intestinal
health promoting effects. Lysine is an essential amino acid and known
as a nutrient component of cereals. So, in this research, we tried to
strengthen the lysine component of grain by fermenting rice with
functional lactic acid bacteria. Microbial and physicochemical properties
were analyzed after fermenting the "Samkwang" rice developed by the
Rural Development Administration using the lactic acid bacteria derived
from traditional fermented foods . The results are shown in Lactobacillus.
The quality of fermented product were better than dairy product. In
particular, in the case of lysine, which is an essential amino acid, there
was an increase of 10 compared to that before fermentation, and it was
confirmed that the lactic acid bacteria used in this study had a gene
involved in lysine production. From these results, it is expected that
lysine enhanced rice yogurt will have a high utilization value as a Korean
new concept synbiotics (Synbiotics + Prebiotics) and is used as useful
information for industrialization.
Keyword : Fermentation, lactic acid bacteria, rice
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Production of GABA by Lactobacillus plantarum EJ2014
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Gamma-amino butyric acid (GABA) is an important inhibitory neurotransmitter
of the central nervous system, which shows several beneficial activities
in physiological functions such as anti-stress, anti-hypertensive, and
anti-diabetic agent. In this study, we maximized GABA production by
Lactobacillus plantarum EJ2014 which was isolated from kimchi.
Under the optimal culture conditions such as 1% (w/v) glucose, 10%
(w/v) yeast extract, 2.25% (w/v) MSG at 30 ℃, 19.8 g/L of GABA was
obtained after 72 h of fermentation, showing 88% theoretical yield on
the basis of MSG. Theoretical yield of GABA by L. plantarum EJ2014
in this study was confirmed to be increased by about 40 % when compared
to other studies using L. plantarum.
Keyword : GABA, Lactobacillus plantarum, probiotics
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Screening, Isolation and Characterization of Anti-Enterobacter
cloacae Probiotic from Fermented Foods

Pediococcus Inopinatus Wikim0108 Ameliorate DSS-Induced
Colitis by Enhancing Immune Responses
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Obesity is a condition in which an excess of fat has accumulated in the
body. Lipopolysaccharide from Enterobacteriaceae has been reported
to exhibit a significantly higher endotoxin activity than the LPS from
more abundant gut bacteria like Bacteroidetes. One of the endotoxins
possessing Enterobacteriaceae species associated with obesity and liver
damage is Enterobacter cloacae. The study was aimed to isolate different
Lactobacillus strains from fermented foods and to screen for potential
probiotic strains that suppress Enterobacter cloacae. We isolated a total
of 28 strains, among which 6 strains showed antagonistic activity against
Enterobacter cloacae. These 6 strains were further characterized for
their safety and additional probiotic properties in vitro.
Keyword : Probiotic, Enterobacter cloacae, endotoxin
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In order to prevent infection caused by food poisoning bacteria, the
development of rapid easy detection technology for food poisoning
bacteria is cconstantly required. In this study, bacteria detection methods
using a lysis system of bacteriophage have been developed. If there are
target bacteria of bacteriophage, the bacteria would be lyzed by
bacteriophage. By measuring released ATP, the presence of bacteria can
be confirmed. It can detect only living bacteria, have high target
specificity compared to conventional antibodies, and do not need
additional lysis or genetic extraction process. To increase the sensitivity
of luminescence assay for measuring ATP, several experimental conditions
such as amount and type of substrate, the order of bacteriophage addition,
incubation and reaction time before and after bacteriophage addition
were optimized. To detect bacteria contaminated in food samples, film
type medium matrix was developed. All processes including isolation,
incubation, and analysis are available in thismatrix. Escherichia coli
O157:H7 was artificially contaminated with perilla leaf, and was
detected by this system. About 50% ofthe contaminated amount was
3
recovered by matrix stamping. The detection limitwas 10 CFU/ml
within 7hr from sampling to measurement.
Keyword : Bacteriophage, bacteria detection, E. coli O157:H7

Pediococcus inopinatus is one of the lactic acid bacteria and that is well
known as probiotics and identified as coccus-shaped bacteria. However,
preventive effects of Pediococcus inopinatus in dextran sulfate sodium
(DSS)-induced colitis have remained unclear. Thus, this study aimed to
evaluate the preventive effect of Pediococcus inopinatus Wikim0108 on
DSS-induced colitis due to enhancing immune responses. The
proliferation of RAW 264.7 cells was increased by the treatment of
Wikim0108 but the increased proliferation (104 to 106 CFU/ml) was
lower than LPS-treated cells as inflammatory control. The treatment of
Wikim0108 induced the production of nitric oxide (NO) and gene
expression of iNOS. And the production of reactive oxygen species
(ROS) was also induced by Wikim0108. The Wikim0108 up-regulated
the gene expression of interleukin (IL)-1β, IL-6, tumor necrosis factor
(TNF)-α, and cyclooxygenase (COX)-2. The body weight was not
changed in the Wikim0108-administered mice compared to wild type
(WT), and it was suggested that the Wikim0108 have not shown toxicity.
The Wikim0108 increased the population of CD4+ T, B, macrophages,
and dendritic cells in spleen, and the gene expression of IL-1β, IL-6, TNFα, and COX-2 was also up-regulated by the Wikim0108. The severe body
weight loss and the increased disease activity index (DAI) were observed
in DSS-induced mice compared to WT, and it was restored by the
administration of Wikim0108. And the Wikim0108 ameliorated the
shortening of colon length compared to DSS-induced mice. The severe
histological sings of colonic tissue damage were observed in
DSS-induced mice, but it was ameliorated by the Wikim0108. The
Wikim0108 improved the decreased population of CD4+ T, CD8+ T, NK,
B, macrophages, and dendritic cells in spleen of DSS-induced mice. And
the gene expression of IL-1β, and IL-6 was down-regulated by the
Wikim0108 in spleen. In conclusion, the primary novel finding of this
study was the ameliorative effect of the Wikim0108 on DSS-induced
colitis. These results were accompanied by anti-inflammatory
mechanisms due to enhancing immune responses in various immune
cells. Therefore, our results suggest that the Wikim0108 may have a
preventive and therapeutic potential for gastrointestinal diseases
including colitis.
Keyword : Pediococcus inopinatus, DSS-induced colitis, Immune
response
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Potential Virulence of Acid Resistant Bacillus cereus KS100Bc
Isolated from Foodservice Establishment of School

Isolation and Characterization of Pediococcus pentosaceus from
Traditional Shrimp Paste as A Probiotic for Biosorption of Cadmium
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Republic of Korea

Bacillus cereus is an opportunistic pathogen causing food poisoning
manifested by diarrhoeal or emetic syndromes. The aim of this study was
to examine the survival and potential virulence of acid resistant B. cereus
isolated from foodservice establishment of school. Of the 50 isolates that
were produced a rigid biofilm in BHI broth, KS100Bc could survive even
at pH 1.5. Parameter δ of the Weibull model for type strain was up to
18-fold lower than for food isolate KS100Bc. KS100Bc was also positive
for genes encoding the nonhemolytic enterotoxin complex (nheA, nheB
and nheC), hemolysin BL (hblA, hblC, and hblD), enterotoxin (bceT,
entFM, and cytK). The ces gene encoding emetic toxin was not detected.
RNA was isolated from KS100Bc to examine changes in the expression
of genes associated with virulence, invasion, biofilm formation and
global gene regulation in response to acid stress. KS100Bc had higher
expression of genes associated with general stress response, metabolic
rearrangements, pH homeostasis, and oxidative response with a
2.66-fold, 3.02-fold, 5.17-fold, and 3.60-fold in relative gene expression
respectively compared to type strain. The threat that these acid adapted
cells pose to food safety could be enhanced if they also produce biofilms
in acidic conditions.
Keyword : Bacillus cereus, acid resistant isolate, foodservice establishment
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Lactobacillus plantarum Fermentation of Mustard Kimchi
Generates Phenolic Compounds Derivatives for Enhancement of
Anti-Inflammatory Effect on RAW 264.7 Macrophages
*

Seung Hwan yang, Le Bao
Department of Biotechnology, Chonnam National University, Yeosu 59626,
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Inflammation is a protective mechanism of the body to tissue injury and
infection caused by wounding microbial pathogen chemical irritation.
In place of anti-inflammation drugs, traditional fermented foods are
being developed as an alternative therapeutic and good diet. In this study,
we investigated the immunostimulatory effect of mustard kimchi
fermented with Lactobacillus plantarum (MKFLP) on inflammatory
mediators and intracellular signaling pathways for gene expression of
the enzymes and inflammatory cytokines in LPS-induced RAW264.7
macrophage cells. RAW 267.7 macrophage was treated with different
concentration of mustard kimchi (MK) and MKFLP extract for cell
viability analysis. The immunostimulatory activity was evaluated by
measurement of NO, PGE2, and cytokine production in LPS-stimulated
cells. Real time PCR was used to investigate the expression of
pro-inflammatory cytokines. In addition, the changes in phenolic
compounds were determined. Mustard kimchi fermented with L.
plantarum significantly increased the level of flavonoids and total
phenolics, including quercetin and gallic acid. Both MK and MKFLP
inhibited the production of NO in LPS-stimulated RAW 264.7 cells.
MKFLP more inhibited the inhibited the translocation of nuclear
factor-kappa B (NF-κB) via inactivating toll-like receptor-2 (TLR2) and
reducing phosphorylation of IκBα. The expression of pro-inflammatory
cytokines, including tumor necrosis factor (TNF)-α, interleukin (IL)-1
β, and IL-6 significantly reduced. Taken together, mustard kimchi
fermented with L. plantarum potentially consumed as complements for
its protective effect against inflammatory diseases.
Keyword : Anti-inflammatory, cytokines, mustard kimchi
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The bioaccumulation of heavy metals causes adverse health effects in
humans. Some naturally occurringbacterial genera Pediococcus as
probiotic could help in bioremediation of heavy metals. The objective
of thisstudy was isolated bacteria from fermented seafood and served
as highly cadmium (Cd)-resistant strains in vitro. Inthe present study,
Pediococcus pentosaceus FB145 and FB181 strains were screened for
their capacity against Cd toxicity. P. pentosaceus FB145 and FB181 were
investigated the biosorption characteristics of the selectedstrains were
investigated with kinetic and isotherm models. Then they were
characterized by phenotypic methods, identified using 16S rRNA gene
sequencing and scanning electron microscope energy dispersive X-ray
analysis. Their antibiotic sensitivity and probiotic efficacy were assessed.
The Cd biosorption results fit the pseudo-second-order kinetics with
capacities for P. pentosaceus FB145 and FB181 for Cd were 52.8 mg/g
and 50.3 mg/g, respectively, whereas the maximum biosorption
capacities were 52.65 and 50.35 mg/g, respectively. The binding of Cd
to bacterial cell may cause by the presence of different functional groups
such as carboxyl, amide, and phosphate on the cell surface, which was
confirmed by the Fourier transform infrared-attenuated total reflectance
spectra. Moreover, these strains decreased the Cd bioaccessibility by
44.7%–46.8% in the in vitro digestion model. This study suggests that
P. pentosaceus FB145 and FB181 could be used as a potential probiotic
in food applications against Cd toxicity.
Keyword : Pediococcus pentosaceus, biosorption, cadmium

Metagenomic Analysis of the Impact of Adding Gizzard Shad Fish
on Radish Kimchi Microbiota and Its Correlation with Different
Inorganic Elements
1

1*

2*

Young-Su Seo , Mohamed Mannaa , Inmyoung Park
1
Department of Microbiology, Pusan National University, Busan 46241,
Republic of Korea, 2Department of Oriental Food and Culinary Arts,
Youngsan University, Busan 48015, Republic of Korea

This study was performed to investigate the effect of adding fresh seafood
(boned cv. boneless) on the microbial composition and its correlation
with different inorganic elements of radish kimchi. The 10% boneless
or whole gizzard shad fish slices were added to the treatment groups.
Sampling was performed 0, 2, 4 weeks as an initiation, optimum and late
ripening (6 weeks). Significant increase of Ca, P and amino N were
observed in the seafood-supplemented kimchi and lower levels of Na were
detected. The main difference was the dominancy of Leuconostocaceae,
mainly Leuconostoc rapi in the fish-supplemented kimchi, whereas
Lactobacillaceae, mainly Lactobacillus sakei, dominated the control
group. The dominancy of L. sakei, was previously shown to be linked
to acidic deterioration of kimchi at late ripening. Moreover, Leuconostoc
spp. are efficient producers of several health- and organoleptic-promoting
compounds. Positive correlations were observed between the abundance
of Leuconostocaceae with the contents Ca and P, and between
Lactobacillaceae with K and amino N. The results suggest adding fish
may result in extending the shelf life, and improving Kimchi properties
particularly at late ripening by positive changes in the microbial
composition.
Keyword : Microbial composition, Kimchi, Metagenomic Analysis
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Investigation of Selective and Efficient L. monocytogenes-Specific
Phage Using as a Novel Biocontrol Agent

Complete Genome Sequence of Leuconostoc inhae PG7, a Putative
Probiotic Strain Isolated from Kimchi

Su-Hyeon Kim, Hae-Yeong Lee, Adeyemi Damilare Emmanuel, Gi Yeon
Song, Mi-Kyung Park*
School of Food Science and Biotechnology, Kyungpook National University,
Daegu 41566, Republic of Korea

Eiseul Kim1, Hae Choon Chang2, Hae-Yeong Kim1*
1
Institute of Life Sciences & Resources and Graduate School of
2
Biotechnology, Kyung Hee University, Yongin 17104, Korea, Department
of Food and Nutrition, Chosun University, Gwangju 61452, Republic of
Korea

The purpose of this study was to isolate and characterize a Listeria
monocytogenes-specific (LM) phage for using as a eco-friendly
biocontrol agent. LM phage was isolated and purified from a pig and its
morphology was observed by TEM. A host range was performed against
56 foodborne pathogens using a dot assay. Overnight culture of L.
monocytogenes was mixed with LM phage at MOIs of 0.1, 1, 10 and 100.
After incubation at 37℃, the sample was collected at every 2-h interval
for counting bacterial number. Phage stability was investigated by
exposing LM phage to wide range of pHs (1-12) and temperatures
(-70-70ºC). LM phage was isolated and purified with a concentration of
11
(5.1 × 10 ) PFU/ml. LM phage consisted of a non-contractile tail of 188
± 31.0 nm and an icosahedral head of 114 ± 14.0 nm, belonging into
Siphoviridae family. Host range analysis exhibited that LM phage had
a specific lytic activity against L. monocytogenes only. LM phage
showed a bactericidal activity against L. monocytogenes starting at 2 h
and sustained up to 8 h, regardless of MOIs. LM phage was stable under
a wide range of pHs (3-11) and temperatures (-10-60℃). This study
demonstrated the robust possibility for using as a biocontrol agent
targeting L. monocytogenes with excellent selectivity and efficiency.
Keyword : Bacteriophage, Listeria monocytogenes, biocontrol
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In this study, we have performed the complete genome sequencing and
genome analysis of Leuconostoc inhae PG7 using PacBio RS Ⅱ
platform. This strain was isolated from kimchi and the 16S rRNA gene
sequence of each strain showed 99% identity with L. inhae LM2630
(AY675244.1). L. inhae PG7 contains a circular chromosome of
2,049,228 bp and three plasmids with various lengths from 37,916 to
22,490 bp. As a result of the annotation, L. inhae PG7 genome had a total
of 2,034 coding genes including probiotic related genes such as bile and
acid tolerance and bacteriocin gene clusters, which are associated with
antimicrobial activity. In addition, family genes of cold shock protein,
which is necessary for bacteria to survive at low temperatures, have been
found in the L. inhae PG7 chromosome. Comparative genome analysis
with the 23 Leuconostoc species showed 189 unique genes such as
bacteriocin lactacin-F subunit LafA, Riboflavin transporter RibZ,
putative membrane protein YttA, and a large number of hypothetical
proteins in L. inhae PG7. From these results, we confirmed the putative
probiotic characteristics of L. inhae PG7, suggesting that this strain may
be used as probiotics.
Keyword : Leuconostoc, Kimchi, Genome sequencing
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Genomic Insights for the Glutamate Production in Lactic Acid
Bacteria
*

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

*

Hyeon-Be Kim, Eiseul Kim, Hae-Yeong Kim
Institute of Life Sciences & Resources and Graduate School of Biotechnology,
Kyung Hee University, Yongin 17104, Republic of Korea

Bifidobacterium animalis subsp. lactis is a probiotic strain and exhibits
properties such as acid, bile and oxygen tolerance, and growth in
milk-based media. Unlike B. animalis subsp. lactis, B. animalis subsp.
animalis has no general probiotic properties and the putative toxin-antitoxin
module was found. These subspecies showed a high level of similarity
between two genomes and traditional identification methods are difficult
to distinguish between probiotic B. animalis subsp. lactis and non-probiotic
B. animalis subsp. animalis. In this study, we developed accurate and
rapid PCR method for the identification of two subspecies using
comparative genome analysis. A total of 125 Bifidobacterium genome
sequences from NCBI database were collected to design specific primers
targeting the unique genes. Subspecies-specific primers were designed
from the selected hypothetical protein and SEL1 repeat family protein.
To confirm the specificity, PCR was performed with 22 Bifidobacterium
reference strains. As a result, each primer generated a specific product
only for the target subspecies. Therefore, the method developed in this
study can be applied to rapidly and accurately distinguishing two
Bifidobacterium subspecies from probiotic products or environmental
samples.
Keyword : Bifidobacterium, Conventional PCR, Comparative genomics
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In this study, we examined the amino acid synthesis of lactic acid bacteria
(LAB) based on the information obtained from ten published complete
genomes of 9 different species belongs to LAB. Furthermore, we focused
on glutamate, the purest taste of umami, synthesis pathway. In silico
prediction of the amino acid biosynthesis pathways in 9 LAB species
was performed. Interestingly, five LAB species did not possessed genes
for entire enzymes required for the biosynthesis of all amino acids. The
genome of Lactococcus lactis IL1403 strains contain the genes for 14
amino acid biosynthesis, followed the Bifidobacterium longum
NCC2705 for 12 amino acids. Interestingly, only L. lactis IL1403
possessed the entire glutamate synthesis genes. B. longum NCC2705,
L. lactis IL1403 and Leuconstoc mesenteroides IFO3956 possessed the
genes from glutamine into glutamate. Moreover, only L. lactis IL1403
contained related genes for glutamate production from glucose via
citrate. Based on comparative genomic analysis, we assumed that L.
lactis should be efficiently produced glutamate.
Keyword : Lactic acid bacteria, Sensory, Comparative genomic analysis

PCR Method for the Identification of Bifidobacterium animalis
subsp. lactis and Bifidobacterium animalis subsp. animalis by
Comparative Genomics
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Isolation and Characterization of Probiotic Lactobacillus
fermentum Strains from Makgeolli
Yu Mi Jo, Seul-Ah Kim*, Jae-Han Bae*, Nam Soo Han*
Brain Korea 21 Center for Bio-Resource Development, Division of Animal,
Horticultural, and Food Sciences, Chungbuk National University, Cheongju
28644, Republic of Korea

Probiotics should be safe for ingestion and survive in gastrointestinal
environment during digestion in order to reach colon in a living state and
to exhibit their beneficial effects in hosts. The aim of this study was to
isolate and characterize a well-known probiotic strain, Lactobacillus
fermentum, from makgeolli. For the isolation, makgeolli were fermented
with different grains for 7 days. To isolate L. fermentum among different
genera in the makgeolli samples, lactic acid bacteria were identified
based on colony morphology on MRS-BPB agar medium containing
ribose. 16S rRNA gene sequence analysis of total 25 selected colony
confirmed that 10 strains isolated from non-steamed rice makgeolli were
L. fermentum. RAPD-PCR (Random Amplified Polymorphic DNAPolymerase Chain Reaction) analysis against 10 isolates showed 5
groups of different bands compared to type strain of L. fermentum
revealing their diversity at subspecies level. All of the isolates were
non-hemolytic, non-biogenic amine producer, and tolerant to low pH
(pH2.5, 3.0) and 0.3% (w/v) bile salt (ox gall). In conclusion, the L.
fermentum strains isolated from makgeolli exhibited the proper safety
and stability as probiotic candidates.
Keyword : Probiotics, Lactobacillus fermentum, makgeolli
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MyungWook Song1, Kee-Tae Kim2, Hyun-Dong Paik1,2*
1
Department of Food Science and Biotechnology of Animal Resources,
2
Konkuk University, Seoul 05029, Republic of Korea, Research Laboratory,
WithBio Inc., Seoul 05029, Republic of Korea

Lactobacillus brevis has been known as a major strain of food
fermentation and probiotics with immune improvement effects. The aim
of this study is to compare the antioxidant activities and
immune-stimulating potential of viable and heat-killed cells of L. brevis
B13-2 and B7. In antioxidant activity, DPPH radical scavenging
activities of viable B13-2 (23.55%) and B7 (25.66%) were greater than
those both of heat-killed strains (18.33% and 22.15%, respectively). In
contrast, in ABTS assay, heat-killed cells appeared about 10% greater
activities than that of viable cells. These results may be caused by
differences of the inherent properties of DPPH (hydrophobic) and ABTS
(hydrophilic). To evaluate the immune improvement effect, the
expression levels of both heat-killed L. brevis strains about four
immune-stimulating factors (TNF-α, iNOS, IL-1β, and IL-6) were
detected with the real time-PCR. As a result, it appeared that L. brevis
B7 up-regulated three factors greater than B13-2 except for TNF-α. As
conclusion, both L. brevis showed radical scavenging activities, and,
especially, B7 strain revealed better gene expression level of
immune-stimulating factors. This study suggests that these L. brevis
strains could be applied beneficially in functional food and
pharmaceutical industry.
Keyword : Probiotics, Antioxidant activity, Immune-stimulating activity
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Immune-Enhancing Effect of Heat-Killed Probiotic Lactobacillus
plantarum Ln1 Isolated from Kimchi
*

Hye Ji Jang, Hyung-Seok Yu, Na-Kyoung Lee, Hyun-Dong Paik
Department of Food Science and Biotechnology of Animal Resources,
Konkuk University, Seoul 05029, Republic of Korea

Heat-killed lactic acid bacteria (LAB) has known as significant
immunomodulation that stimulate tumor necrosis factor-α (TNF-α),
produce nitric oxide (NO), and increase phagocytic activity in
macrophages. The aim of study is to investigate immune-enhancing of
Lactobacillus plantarum Ln1 through production of NO and proinflammatory cytokine via inducing NF-κB and mitogen-activated
protein kinase (MAPK) signaling pathways in macrophage. L. plantarum
Ln1 showed the highest NO production (5.31 μM) compared to that of cell
non-treated LPS (3.74 μM). L. plantarum Ln1 showed immunostimulatory
effect related to mRNA expression of iNOS, IL-1β, IL-6, and TNF-α.
Among the mRNA expression, L. plantarum Ln1 indicated higher
cytokine of iNOS (3.44-fold), IL-1β (669.76-fold), IL-6 (10,697.39-fold),
and TNF-α (5.93-fold) in compared with non-treated LPS and the protein
expression of iNOS was significantly induced by treatment of L.
plantarum Ln1. The phosphorylation of IκB-α and of p65 was increased
following treatment of L. plantarum Ln1 which is implicate the IκB-α
degradation and the translocation of p65 to nucleus. To gain more
insights, MAPK signaling pathway was investigated. The phosphorylation
of MAPKs, ERK 1/2, JNK, and p38, was markedly induced following
treatment of L. plantarum Ln1. Therefore, the immune-enhancing effect
of L. plantarum Ln1 was confirmed to be related to NF-κB and MAPKs
signaling pathways activation and might have useful applications in the
food and pharmaceutical industries.
Keyword : Lactobacillus plantarum, Heat-killed LAB, Immune-enhancing
effect
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Comparative Studies of Antioxidant Activities and
Immune-Stimulating Potential of Viable and Heat-Killed
Lactobacillus brevis Strains Isolated from Kimchi

Anti-Biofilm Effect of Cinnamaldehyde against Listeria
monocytogenes Cultured in Beef Juice and Tryptic Soy Broth
Yeon Jin Kim, Hwan Hee Yu, Ye Ji Song, Na-Kyoung Lee, Hyun-Dong
Paik*
Department of Food Science and Biotechnology of Animal Resources,
Konkuk University, Seoul 05029, Republic of Korea

Listeria monocytogenes is well known as a foodborne pathogen that
causes listeriosis. It could be fatal including pregnant women, infant, and
immunocompromised people. Among L. monocytogenes, those who are
forming biofilms, could be highly infectious and also difficult to remove.
Cinnamaldehyde (CA) could be used as a natural food additive in
antimicrobial activities against foodborne pathogens. Therefore, the aim
of present study was to investigate biofilm formation and inhibition of
L. monocytogenes in beef juice (BJ). Three strains of biofilm-forming
L. monocytogenes were screened and used for this study. The growth of
L. monocytogenes cultured in BJ and tryptic soy broth (TSB) were
observed. Minimum inhibitory concentration (MIC) was conducted and
biofilm inhibition activity of CA for L. monocytogenes was investigated
using TTC staining assay. Growth of L. monocytogenes cultured in BJ
was slower than TSB. The MIC was 250 µg/mL for both culture
conditions. However, the minimum biofilm inhibitory concentration
(MBIC) against L. monocytogenes was 500 µg/mL and 250 µg/mL for
BJ and TSB, respectively. These results demonstrated that potential use
of CA as an anti-biofilm agent against L. monocytogenes in the beef
industry.
Keyword : Listeria monocytogenes, Anti-biofilm, Cinnamaldehyde
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Analysis of Microbial Community on Young radish (Raphanus
sativus L.) Cultivated in South Korea to Identify Foodborne Pathogens

Improving Freeze-Thaw Tolerance of Lactobacillus spp. by Using
Evolutionary Adaptation

Su-Jin Yum1, Hee-Gon Jeong1*, Dong-Woo Seo1, Heoun Reoul Lee1,
Seung Min Kim2
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Hyoentae Kim, Jae-Han Bae *, Nam Soo Han*
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28644, Republic of Korea

Young radish (Raphanus sativus L.), a popular vegetable, is vulnerable
to contamination of foodborne pathogens. Analysis of the microbiota
on young radish can help better understanding of food poisoning due to
consumption of fresh vegetables. Young radishes were collected at 6 sites
from 2 regions in 2 seasons, and analyzed to investigate differences
among regions and sampling times in microbiota community. α
-diversity indices (Chao 1 and Shannon) of 2 seasons were different
significantly. The microbiota were composed mainly by Proteobacteria
(61±23.65% and 69±16.99%, spring and summer), Firmicutes (35±24.19%
and 29±17.47%) and Actinobacteria (4±3.52% and 2±1.25%) phyla. At
the class level, the predominant classes were Gammaproteobacteria
(50±19.94% and 63±16.94%), Betaproteobacteria (6±11.51% and
0.98±0.88%), Alphaproteobacteria (5±3.60% and 4±2.92%) within
Proteobacteria and Bacilli (35±24.19% and 29±17.16%) within
Firmicutes. Potential pathogenic genera such as Acinetobacter, Bacillus,
Enterobacter, Escherichia, Paenibacillus, Pantoea, Pseudomonas, and
Rhizobium were found. A. lwoffii, S. aureus, and K. pneumoniae within
those genera were quantified by qRT-PCR and observed more in summer
(p<0.0001). These suggest Young radish cultivated in summer can have
more risk of food poisoning. These results can be useful to investigate
the cause of food poisoning and the managing process of fresh vegetables.
Keyword : Young radish, Foodborne pathogens, Microbiota
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Lactic acid bacteria (LAB) are used as starter cultures for food
fermentation as well as probiotics. During freeze drying of LAB cells
or frozen preservation, the cells can get damaged by freezing stress. In
this study, we used adaptive laboratory evolution method to improve
freeze-thaw tolerance of LAB. For this, Lactobacillus spp. were
subjected to freeze-thaw-growth (FTG) condition with a cycle in a day
for 120 days. The cell populations and growth rates after thawing of
frozen cells were measured as phenotypic changes to demonstrate their
increased survival and growth rates. As results, the evolved strains of
LAB under FTG condition showed increased survival rates against
freezing stress compared to their ancestor strains. Especially, when ice
cream was mixed with both lactobacillus strains, only the evolved strain
showed high survival rate after preservation for significant period of
time. These results suggest that freeze-thaw adaptation of method can
be used to confer freezing tolerance to LAB cells and the evolved strain
can be applied to frozen foods as a stable probiotics.
Keyword : Freeze-Thaw-Growth (FTG), Adaptive Laboratory Evolution
(ALE), Probiotics
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Antioxidant and Immunostimulatory Effects of Heat-Killed
Probiotic Lactobacillus plantarum 200655 Isolated from Kimchi
*

Ji-Eun Lee, Kyoung Jun Han, Na-Kyoung Lee, Hyun-Dong Paik
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Suin Yang, Jieun Jung, Seung-Mi Seo, Eunjung Roh, Jae-Gee Ryu,
Kyoung-Yul Ryu, Kyu-Seok Jung*
Microbial Safety Team, Department of Agro-food Safety and Crop
Protection, National Institute of Agricultural Sciences, Rural Development
Administration, Wanju-gun 55365, Republic of Korea

The purpose of this study was to evaluate microbial contamination of
leek and leek cultivated soil. Leek and leek cultivated soil were collected
from A and B region. Leek and leek cultivated soil were tested for total
aerobic bacteria, coliforms, Escherichia coli, and pathogenic bacteria
(Salmonella spp., E. coli O157:H7, Listeria monocytogenes, and Bacillus
cereus). In A and B region, the average of aerobic bacteria was 7.92±0.67
log CFU/g, 7.08±0.63 log CFU/g of leek and 6.92±0.54 log CFU/g,
6.57±0.34 log CFU/g of leek cultivated soil, respectively. The coliform
was detected from leek (5.47±1.38 log CFU/g and 5.85±0.67 log CFU/g)
and leek cultivated soil (3.50±0.84 log CFU/g and 4.90±0.59 log CFU/g).
B. cereus of leek and soil in A region were 2.87±1.21 log CFU/g and
5.93±0.28 log CFU/g, respectively. In B region, B. cereus of soil was
6.93±0.22 log CFU/g. However, Salmonella spp., E. coli O157:H7, and
Listeria monocytogenes were not detected. This study provides
important background information on the microbiological safety of fresh
vegetable cultivation environments.
Keyword : Leek, Leek cultivated soil, Microbial contamination
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Probiotics are useful organisms which when ingested in adequate
amounts confer health benefits to the host. Heat-killed probiotics have
been used for safety and convenience during food processing and
expiration. The aim of this study was to investigate antioxidant and
immunostimulatory effects of heat-killed Lactobacillus plantarum
200655. L. plantarum 200655 was isolated from Korean cabbage kimchi
and L. plantarum KCTC 3108 was used as a reference strain. The
antioxidant effect of heat-killed L. plantarum 200655 and heat-killed L.
plantarum KCTC 3108 were 21.91% and 21.41% in the DPPH radical
assay, respectively. L. plantarum 200655 (44.89%) exhibited higher β
-carotene bleaching inhibition activity than L. plantarum KCTC 3108
(32.71%). The immunostimulatory effect of LAB strains was examined
in murine macrophage, RAW 264.7 cells and NO productions in the
culture supernatant were measured using Griess assay. The NO
producing activity of L. plantarum 200655 (38.36 μM) is higher than
L. plantarum KCTC 3108 (36.81 μM). As a result, heat-killed L.
plantarum 200655 was demonstrated to exhibit antioxidant and
immunostimulatory effects. Therefore, heat-killed L. plantarum 200655
could help to promote health for people.
Keyword : Lactobacillus plantarum, Antioxidant effect, Immunostimulatory
effect

Investigation on Microbial Contamination in Leek and Leek
Cultivated Soil
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Application of Caenorhabditis elegans Animal Model for Exploring
Pathogenesis of Foodborne Pathogens from Dairy Environments

Control of Pathogenic E. coli O103 in Biofilm on Lettuce by
Bacteriophages Producing Depolymerase
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Soomin Lee, Dasom Park, Jong-Hyun Park*
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Seongnam 13120, Republic of Korea

Foodborne pathogens including Listeria monocytogenes and Staphylococcus
aureus occurs widely in food, with the highest incidences being found
in meat, poultry, and dairy food. Although Caenorhabditis elegans
model is well established as a virulence model of pathogenic bacteria,
its application on L. monocytogenes, as representative foodborne
pathogen, is critically unclear. The objective of this study was to assess
the effect of L. monocytogenes toxicity on C. elegans. We found that C.
elegans nematodes have high susceptibility to L. monocytogenes
infection, as consequence of accumulation of bacteria in the worms’
intestine. However, L. innocua, which is known to be non-toxic, is not
accumulate in the intestine of worms and is not toxic similarly to
Escherichia coli OP50 known as the normal feed source of C. elegans.
Importantly, immune-associated genes of C. elegans were intensely
upregulated more than 3.0-fold when they exposed to L. monocytogenes.
In conclusion, we have shown that C.elegans is a potential model for
toxicity studies of L. monocytogenes. We anticipate that this system will lead
to the discovery of many effective anti-listerial agents in a variety of foods.
Keyword : Caenorhabditis elegans, foodborne pathogens, Listeria
monocytogenes
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Recently, both E. coli O157 and non-O157 E. coli can form a biofilm
for survival, and this leads to problems in food industry regarding
contamination. Shiga toxin-producing E. coli (STEC) is known to cause
hemolytic uremic syndrome (HUS), which has acute renal failure to
infants and adults when attached to intestinal mucosa and generating
hemorrhagic colitis. Pathogenic E. coli O103, one of the non-E. coli O157
serotypes which produces shiga toxin, usually associated with infections
from ground beef and recently reported outbreaks in several states in U.S.
To control the pathogenic E. coli in biofilm, several bacteriophages were
isolated from ecological samples. 17 isolates of bacteriophage indicated
translucent zones at the rims of plaques, indicating the activities of
depolymerase. In this study, an abiotic plastic surface was used to
determine biofilm-forming ability of E. coli. In biofilm formation
property, E. coli O103 showed the highest ability of forming biofilm at
30 ℃ after 24 h. The cocktail types of bacteriophages, φNOECP40 and
φNOECP 44, which encodes active depolymerase among the isolate
above were prepared to inhibit E. coli biofilm. Another method using
organic acid did not show a significant reduction of E. coli. However,
cocktail types of bacteriophages method showed copious reduction of
E. coli which was about 40% (4 log CFU/g) in 60 min. Thus,
bacteriophages with depolymerase would be an economical and
effective treatment in terms of controlling the pathogenic E. coli.
Keyword : non-O157 E. coli, bacteriophage, biofilm
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Analyses of Microbial Contamination of Leeks and Cultivated
Environments in Korea

Receptor Identification of Bacteriophage CSP1 Simultaneously
Infecting both Escherichia coli and Cronobacter sakazakii
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This study assessed total aerobic bacteria, Escherichia coli/coliforms,
and prevalence of E. coli, E. coli O157:H7, Salmonella spp., Listeria
monocytogenes, and Bacillus cereus of leeks and cultivated environments
of 6 farms in 2 regions. In A and B regions, total aerobic bacteria counts
of leeks, soils, and composts ranged from 6.27 to 7.67, 6.83 to 7.41, and
6.95 to 8.82 log CFU/g, respectively. Coliforms counts of leeks, soil, and
irrigation water were in the range of 1 to 4.88 log CFU/g, 2.34 to 3.48
log CFU/g, and < 1 to 37.95 MPN/100 mL, respectively. The counts of
B. cereus of leeks, soils, and composts were in the range of 1.48 to 2.21,
5.19 to 6.01, and 2.48 to 4.48 log CFU/g, respectively. E. coli, E. coli
O157:H7, Salmonella spp., and L. monocytogenes were not detected.
The results provided the important basic information associated with the
microbiological safety of fresh vegetables. Continuous survey is needed
to protect agricultural products from the contamination of pathogens
during farming.
Keyword : Leek, Cultivated environment, Pathogenic contamination
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Cronobacter sakazakii is an opportunistic foodborne pathogen causing
fatal necrotizing enterocolitis and sepsis particularly in infants.
Bacteriophages have studied as novel antimicrobials and receptor
identification is important for effective pathogen control. Here, we
investigated host receptor for virulent Siphoviridae phage CSP1
infecting both Escherichia coli and C. sakazakii. Screening of the Tn5
random mutant library of C. sakazakii ATCC29544 revealed that
mutations of genes associated with lipopolysaccharide (LPS) synthesis
linked to CSP1-resistance. Deletion of waaG gene involved in LPS
outer-core biosynthesis caused CSP1-resistance in C. sakazakii and the
gene complementation restored the CSP1 sensitivity. However,
screening of the Tn5 random mutant library of E. coli MG1655 showed
that the lamB mutant lacking a maltoporin was CSP1-resistant. Deletion
of the waaG gene did not make E. coli resistant to CSP1 but lamB deletion
made C. sakazakii resistant to CSP1, suggesting a necessity of both LPS
and LamB for CSP1 infection in C. sakazakii. Further studies to
understand the differences in CSP1 interaction with E. coli and C.
sakazakii is undergoing.
Keyword : Bacteriophage, Receptor, LamB
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Transcriptomics and Proteomics Analysis of Aerosensitive and
Hyper-Aerotolerant Strains of Campylobacter jejuni under Aerobic
Stress Conditions

Transcriptomic Analysis of Phage-Infected Salmonella
Typhimurium Revealed that Fep System Is Involved in Phage
Adsorption

Jinshil Kim1, Jeong In Hur1, Sangryeol Ryu1*, Byeonghwa Jeon1,2*
1
Department of Food and Animal Biotechnology, Department of Agricultural
Biotechnology, Research Institute for Agriculture and Life Sciences, and
Center for Food and Bioconvergence, Seoul National University, Seoul
08826, Republic of Korea 2School of Public Health, University of Alberta,
Edmonton, Alberta, Canada

Jihye Yang, Hongjun Na, Chanyoung Lee, Sangryeol Ryu*
Department of Food and Animal Biotechnology, Department of Agricultural
Biotechnology, Research Institute for Agriculture and Life Sciences, Seoul
National University, Seoul 08826, Republic of Korea

Aerotolerance is important for the survival of the microaerophilic
foodborne pathogen Campylobacter jejuni during its transmission to
humans. To achieve a better understanding of aerotolerance in C. jejuni,
in this study, we analyzed transcriptomics and proteomics changes in
aerosensitive (AS) and hyper-aerotolerant (HAT) C. jejuni isolates from
retail raw chicken after exposure to aerobic stress. Transcriptome
analysis revealed that genes associated with energy production, amino
acid metabolism, cell wall, and membrane biogenesis were generally
up-regulated, and genes involved in bacterial motility were mostly
down-regulated by exposing to aerobic conditions, The results of 2DGE
showed that four and two proteins were commonly up-regulated and
down-regulated, respectively, in both strains by exposure to aerobic
stress. Especially, 11 proteins including periplasmic protein, oxidoreductase,
and Hsl protease were up-regulated in the HAT strain, but not in the OS
strain. Several genes showing similar transcriptional and translational
changes included those encoding serine protease, ribosomal protein, and
oxidoreductase. This study may provide the genetic evidence of
aerotolerance in C. jejuni. This research was supported by a grant
(16162MFDS029) from Ministry of Food and Drug Safety in 2018.
Keyword : Campylobacter jejuni, Aerotolerance, Retail raw chicken
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Understanding the bacterial response to bacteriophage infection can
provide more comprehensive solutions to control pathogens using
phages. In this study, we used total RNA-sequencing analysis to
investigate global gene expression change during phage infection and
find new functional genes involved in phage-host interaction. When
Salmonella Typhimurium LT2 was infected by virulent phage SPC32N,
several genes in Fep system, required to ferric iron uptake, were
significantly up-regulated. Among these up-regulated genes, we
speculated that the gene cluster fepDGC, encoding an inner membrane
transporter complex, is an important factor for phage infection because
FepDGC interact with FepE known to be associated with biosynthesis
of LPS, the primary receptor of SPC32N. Experiments using knockout
strain ∆fepDGC showed that the plaque formed by SPC32N became
significantly turbid while at the same time this deletion mutant seemed
resistant to SPC32N in challenge assay. In addition, the adsorption rate
of SPC32N against the ∆fepDGC was significantly reduced compared
to the wild-type strain. To elucidate the role of the Fep system in receptor
binding ability of phage SPC32N, further study is in progress.
Keyword : Phage-host interaction, Iron uptake system, RNA-Sequencing

D-31

Antibacterial Effects of Potential Probiotic Lactobacillus
plantarum WiKim84 against Foodborne Pathogens

Characterization of Staphylococcus aureus-Specific Bacteriophage
PALS2 and Its Endolysins

Ji Hye Jung, Su-Ji Kim, Jae Yong Lee, Seon Hwa Cheon, Jae Won Choi,
*
Sung Hyun Kim
Hygienic Safety and Analysis Center, World Institute of Kimchi, Gwangju
61755, Republic of Korea

Yoona Lee, Bokyung Son, Sangryeol Ryu
Department of Food and Animal Biotechnology, Seoul National University,
Seoul 08826, Republic of Korea

Staphylococcus aureus is one of the notable human pathogens that can
be easily encountered in both dietary and clinical surroundings. Among
various countermeasures, the use of bacteriophage or endolysin has been
regarded as a promising alternative for antibiotics. In this study, we
isolated and characterized S. aureus bacteriophage PALS2, which
belongs to Myoviridae family. The complete genome of PALS2 is
268,746 bp long, indicating that this phage can be classified as a jumbo
phage. Bioinformatic analysis revealed that PALS2 has two putative
endolysins, LysPALS21 and LysPALS22. LysPALS21 consists of an
N-terminal Cysteine, Histidine-dependent Amidohydrolase/Peptidase
(CHAP) domain as an enzymatic active domain (EAD) and a C-terminal
SH3 domain as a cell wall binding domain (CBD). LysPALS22 consists
of an N-terminal amidase domain as an EAD and a C-terminal SH3
domain as a CBD. LysPALS21 showed strong antimicrobial activity
against all tested 15 staphylococcal strains while LysPALS22 showed
no antimicrobial activity against any of the strains tested. Interestingly,
LysPALS21 could kill Enterococcus faecalis as well as staphylococcal
strains. Further studies are needed to evaluate the potential of PALS2
and its endolysins as effective biocontrol agents in various environments.
Keyword : Bacteriophage, Endolysin, Staphylococcus aureus
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In this study, we explored the antibacterial activity and potential
probiotic properties of three strains of lactic acid bacteria (LAB) isolated
from kimchi. Three LAB strains exhibited safety, strong resistance to
gastrointestinal tract environments (acid, simulated gastric acid, and bile
salt), and high auto-aggregation. In addition, three selected strains
showed stronger adhesion abilities to Caco-2 cells than Lactobacillus
rhamnosus GG. Three selected strains were identified as Lactobacillus
plantarum WiKim83, L. plantarum WiKim84, and L. plantarum
WiKim87 by 16S rRNA gene sequence analysis. The culture
supernatants of three L. plantarum strains displayed broad antibacterial
activities against ten foodborne pathogens. Among them, L. plantarum
WiKim84 exhibited the highest inhibitory activity against Bacillus
cereus, Staphylococcus aureus, Listeria monocytogenes, Salmonella
Typhimurium, and Escherichia coli determined by agar disk-diffusion
method. In the co-culture study, L. plantarum WiKim84 effectively
inhibited the growth of B. cereus, S. aureus, S. Typhimurium, and E. coli.
These results indicate that L. plantarum WiKim84 has useful properties
and is a potential probiotic with excellent antibacterial activity against
foodborne pathogens.
Keyword : Antibacterial activity, probiotic, Lactobacillus plantarum
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A Study on the Mass Production of Antioxidizable Probiotics
Using Tea Tree Extracts

Development of CRISPRi Based Gene Knock-Down Platform for
Leuconostoc citreum

Keunho Ji1, Ye Eun Kim2, Young Tae Kim2*
1
Basic Science Research Institute, Pukyong National University, Busan
48513, Republic of Korea, 2Department of Microbiology, Pukyong National
University, Busan 48513, Republic of Korea

Jaewoo Son, Ki Jun Jeong*
Department of Chemical and Biomolecular Engineering, KAIST, 291
Daehak-ro, Yuseong-gu, Daejeon 34141, Republic of Korea

The probiotics, as widely known, have health benefits such as the
prevention and treatment of diarrheal disease, prevention of systemic
infections, management of inflammatory bowel disease, immunomodulation,
prevention and treatment of allergies, anticancer effects, treatment of
cholesterolemia, and alleviation of lactose intolerance. We secured the
antioxidizable probiotics in the previous study. So, the purpose of this
study was to establish conditions about an enhancement of antioxidative
activity and mass culture conditions of the cells using various tea tree
(Melaleuca alternifolia) extract. For the treatment of tea tree extract, we
performed the extraction of a useful substance from tea tree powder using
various organic solvents (methanol, dichloromethane, and ethyl acetate)
and hot water. Each extracted substance was added in the MRS broth
medium at 100 uL/3mL and then, the mixed solution was reacted at 37℃
for 24 hr. After the reaction, 500 uL of the reactant was poured in MRS
agar medium for investigation of mass culture of the cells according to
the pour plate method. And the antioxidative activity of each reactant
was measured by total polyphenol contents and results were compared
with a tannic acid standard curve. In the results of investigations to mass
culture condition test, we observed that most strains except La1, La2,
and La4 were more mass growth than the control group. Also, the results
of the antioxidative activity test, all strains had more than 1 mg/mL of
polyphenol contents. Especially, La2, La4, Le1, Le2, and Le4 were
verified have more than 2 mg/mL of polyphenol contents. These results
suggested that it will be effective not only for the mass culture and
antioxidative of probiotics by adding extract but also for other
physiological activities.
Keyword : Probiotics, antioxidative activity, tea tree
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Deciphering Spore Binding Domain of Endolysin LysCPD7 from
Clostridium perfringens Virulent Bacteriophage CPD7
*

Eun Su Ha, Daeun Shin, Yeweon Choi, Sangryeol Ryu
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

Clostridium perfringens is one of the most common causes of foodborne
illnesses. C. perfringens spores are important food contaminants
because they can survive high temperature in a dormant state and
germinate in a food or in a human body. Here, we characterized a
endolysin LysCPD7 from C. perfringens virulent bacteriophage CPD7.
LysCPD7 is a putative N-acetylmuramoyl-L-alanine amidase. The
enzyme showed strong lytic activity against C. perfringens at 5 nM. We
constructed mCherry fluorescent protein fusion with the C-terminal
region of LysCPD7 to test cell wall binding activity but the fusion protein
cannot bind C. perfringens cells. Interestingly, the protein can bind C.
perfringens spores, suggesting that the C-terminal region of LysCPD7
contains a spore binding domain (SBD). Bioinformatic analysis of the
C-terminal region of LysCPD7 revealed five residues (E187K, R192E,
Q196A, K201E, E208K) supposed to be important for spore binding.
Point mutation analysis revealed that four of these five residues are
essential for spore binding and the LysCPD7 derivatives containing the
single point mutation at the four residues showed lower spore binding
and lytic activity compared to the wild-type LysCPD7. These results
imply that the SBD may be overlapped with the active site of LysCPD7.
Keyword : Clostridium perfringens, bacteriophage, spore binding
domain
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The lactic acid bacteria (LAB) Leuconostoc citreum (L. citreum) are a
group of gram-positive, and low G+C content food grade bacteria which
has potential advantages for being used as a fermented food industry.
Even though L. citreum has a significant importance in bioindustry, there
has not been much extensive research on the genetics and engineering
of Leuconostoc yet. In this study, we developed CRIPSRi-based gene
knock-down system for efficient gene regulation using a catalytically
inactive version of Cas9 protein (dCas9) from Streptococcus pyogenes
and single guide RNA. Using superfolder green fluorescent protein
(sfGFP), functionality of CRISPRi system for L. citreum was verified.
In order to reduce the cytotoxic effect of high dCas9 protein expression,
bicistronic design (BCD) expression system was introduced to optimize
the cytotoxic effect by controlling the expression of dCas9 protein. These
results indicated that developed CRISPRi platform for L. citreum can
be a potential usefulness genetic tools to be applied to various bioindustry
area.
Keyword : Leuconostoc citreum, CRISPRi, Bicistronic expression
system

Anti-Inflammatory Effect of Human Milk Oligosaccharides on
Lipopolysaccharide-Induced Inflammation in Human Intestinal
Epithelial Cells
*

Eunju Lee, Saehun Kim
Department of Biotechnology, Korea University, Seoul 02841, Republic of
Korea

Human milk oligosaccharide (HMO) is exclusive component in human
breast milk. Recent studies are suggesting that HMOs can reduce
inflammation in human intestine. In this study, we are found specific
kinds and dosage of HMO has anti-inflammatory effect on human
intestinal epithelial model (HT-29). To screen anti-inflammatory HMO
HT-29 cells were treated with lipopolysaccharide (LPS) 1ug/ml to
stimulate the cells. Interleukin-8 has been well recognized as one of the
pro-inflammatory cytokines. Toll-like receptor (TLR) is linking the
innate and adaptive mucosal immune responses. And it acts transmembrane
co-receptors with CD14 in the cellular response to LPS. These two
markers express inflammation and epithelial barrier dysfunction. IL-8,
TLR-4 mRNA expression was determined by RT-PCR. We started five
human milk oligosaccharides and choose 2’-FL. Selected HMO
exhibited anti-inflammatory effects through the repression IL-8 secretion
from HT-29 cells. Then we start 2’-FL dosage tests to find low level 2’-FL
can reduce inflammation effects. These results indicate that 2’-FL may
have a preventive effect in inflammatory intestinal epithelial cells.
Keyword : Anti-inflammation, Human milk oligosaccharides, Prebiotics
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The Anti-Obesity Effect of Lactic Acid Bacteria by Induction and
Activation of Thermogenic Program through PKA/CREB/UCP1
Axis Signaling
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In this study, we investigated the effect of lactic acid bacteria (LAB) on
anti-obesity. We screened 55 LAB which were isolated from infant feces,
and finally, we selected Bifidobacterium longum DS0956 and
Lactobacillus rhamnosus DS0508 for further investigation. To
understand the browning effect of LAB, Bacterial culture supernatants
(BS) of Bifidobacterium longum DS0956 and Lactobacillus rhamnosus
DS0508 were treated in mouse 3T3-L1 pre-adipocytes and C3H10T1/2
mesenchymal stem cells. We found that BS treatment can induce the
expression of browning-related genes in 3T3-L1 and C3H10T1/2 cells.
Interestingly, BS-treated 3T3-L1 cells can efficiently upregulate a key
thermogenic marker, uncoupling protein 1 (UCP1) along with the
expression of other brown fat specific markers, such as Pgc1a, and
Prdm16, and beige fat specific markers, such as CD137, Cox2, Fgf21,
P2RX5, and Tbx1. We also found that the activation of PKA and CREB
phosphorylation occurred in BS-treated cells but these phosphorylations
were suppressed by PKA inhibitor, H89 treatment. In mice model, we
observed that BS-administration can reduce body weight in high fat
induced obese mice. We also observed that the levels of total cholesterol,
and high density lipoprotein (HDL) were significantly reduced in
BS-treated mice group compared with HFD control group. We also found
that the expression of brown adipocyte specific and lipolysis specific
markers were highly induced in various white adipose tissue (WAT) from
BS-treated mouse group. Furthermore, we found that the expression of
M1 macrophage specific markers was suppressed while the expression
of anti-inflammatory, M2 macrophage markers was induced. Based on
our data, we can propose that two LABs, Bifidobacterium longum
DS0956 and Lactobacillus rhamnosus DS0508 may be good candidates
against obesity but further investigation is required for developing
dietary supplements or drugs.
Keyword : Lactic Acid Bacteria, Obesity, Thermogenesis
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Fungal Microbial Community Profiles of Meju, Solar Salt, and
Doenjang Using Pyrosequencing
Limgi Lee, Sojeong Heo, Do-Won Jeong*
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02748, Republic of Korea

In order to evaluate the fungal microbial migrationinto doenjang from
its materials, meju and solar salt, microbial communitieswere analyzed
using pyrosequencing. In this results, the dominant fungi of mejuwere
Botrytis sp. (57.94%) and Dothiorella samentorum (24.08%).Unidentified
fungal species (37.53%), unassigned species (32.60%) and severalfungal
species of small portion were identified in solar salt. In doenjang,
Candida versatilis were predominantlydetected (92.62%). While the
non-halophilic mold were easy to grow in meju(low-salt fermented
soybean), halophilic and archaea for solar salt andsalt-tolerance fungi
such as C. versatilis for doenjang (high-salt fermented soybean) might
be proper conditions.These results were implied that predominant fungal
species might be notmigrated from meju and/or solar salt into doenjang.
Keyword : Doenjang, Fungal microbial community, Pyrosequencing
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Stress is a common disease in modern society that makes people feel
frustrated, angry or depressed. Probiotics are defined as “live
microorganisms which confer a health benefit on the host” Synbiotics
are food ingredients or dietary supplements combining probiotics and
prebiotics, which affect the host metabolism. In this study, we used
Cudrania tricuspidata leaf extract as prebiotics because it is one of the
important traditional herbal medicines composed of xanthones and
flavonoids for anti-cancer, anti-inflammation and liver damage.
Therefore, the main purpose of this study is to gain understanding of the
effects of probiotics and synbiotics under the unpredictable chronic mild
stress. Mice were administrated Lactobacillus gasseri 505 (LG) or
Cudrania tricuspidata leaf extracts fermented with L. gasseri 505 (FCT)
for 9 weeks. Then exposed to unpredictable chronic mild stress for 7
weeks. In order to identify the mechanism of synbiotics on stress induced
mice, mRNA expression of brain and testis axis related genes were
investigated. As a result, administration of probiotics or synbiotics
significantly increased mRNA expressions of FSHr, FSHb, GnRHr and
GnRH, which are related in brain and testis activity. Treatment of
probiotics or synbiotics considerably decreased IL-6, NF-kB and IL-1β
which are related in inflammatory markers. In conclusion, our study
demonstrates that probiotics and synbiotics can alleviate stress via
modulating brain-testis activity.
Keyword : Probiotics, Synbiotics, Stress
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Protective Effects of Synbiotics on Stress-Induced Dysfunction of
the Intestine and the Liver in Mice Model

Protective Effect of Synbiotics against Inflammation and Oxidative
Stress on Two Independent Cell Line

Jae young Kim, Seong Eun Kim, Sae Hun Kim*
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Biotechnology, Korea University, Seoul 02841, Republic of Korea

Yoon Ji Son, Ju Young Eor, Sae Hun Kim*
Department of Food Bioscience and Technology, College of Life Science and
Biotechnology, Korea University, Seoul 02841, Republic of Korea

Chronic stress affects disease onset and/or exacerbation. Recent studies
show strong correlations between stress and hepatic diseases, specifically
in bile acid enterohepatic circulation altered by glucocorticoids. Therefore,
this study aims to evaluate the protective effects of Lactobacillus gasseri
505 (LAB) and L. gasseri 505-fermented milk with Cudrania tricuspidata
leaf extract (FCT) on stress-induced intestine and liver dysfunction.
9-week ad libitum LAB and FCT supplementation exerted protective
effects against intestinal and hepatic damage in mice. LAB and FCT
attenuated disruption of histology in both the colon and ileum, along with
the upregulation of tight junction protein transcript levels. Also, LAB
and FCT were able to modulate the intestinal mRNA expression level
of inflammatory markers and apoptotic genes altered by stress.
Particularly, LAB and FCT alleviated the stress-induced elevation of
hepatic injury markers in serum, lipid droplet within the liver, hepatic
total bile acid concentration, and inflammatory cytokine transcript
levels. Notably, the ability of LAB and FCT to ease bile acid accumulation
in the liver was proved. Altogether, synbiotic supplementation is a
potential therapeutic approach for the chronic stress-induced intestine
and liver dysfunction.
Keyword : Synbiotics, Intestine, Liver

Gut-brain axis is the latest theory that gastrointestinal tract and brain
affect each other by communicating via various mechanisms. Various
effect of gut microbiota on gut-brain axis such as modulation of
inflammatory cytokines has been reported. The aim of this study was
to establish anti-inflammatory and antioxidative effect by synbiotics in
cell damage induced condition. In vitro models used in this study were
LPS induced gut inflammation state HT-29 cell line, and H2O2 induced
brain oxidative stress state SH-SY5Y cell line. Firstly, synbiotic
treatment increased mRNA expression of paracellular permeability
related ZO-1, Claudin, Occludin and decreased mRNA expression of
inflammatory cytokines TLR-4, IL-8 in HT-29 cells compared to
negative control group. Secondly, neurotrophic factor receptor BDNF,
HTR, GABA1b mRNA expression were increased and inflammatory
cytokine IL-6 mRNA expression were decreased in SH-SY5Y cells by
treatment of synbiotics. Moreover, both cell showed recovery of cell
apoptosis factor Bcl-2, Bax, Caspase-1 mRNA expression. These results
show that synbiotics regulate immune system in response to intestine
or brain damage. This study might be able to role as base study of
synbiotics effect on gut-brain axis. Further research could be expected
by exact treatment of synbiotics on animal model.
Keywords: Synbiotics, Gut-brain axis, Cell damage, HT-29, SH-SY5Y
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Production of γ-Aminobutyric Acid(GABA) by Lactic Acid
Bacteria from Jeotgal
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γ-aminobutyric acid (GABA)-producing LAB were isolated from
jeot-gal (Saeu, Galchisok), Korean fermented seafoods. One thousand
LAB were isolated by spreading diluted samples on MRS agar (5% NaCl
) and MRS agar plates. TLC was used to screen them, and four isolates
(S41, G144, G145, and G167) were identified as GABA producers. They
produced GABA when incubated in MRS broth with monosodium
glutamate (3%, w/v) at 37℃ for 48 h. S41 was identified as Lactococcus
sp. and G144, G145, and G167 as Lactobacillus brevis by 16S rRNA gene
sequencing. API zym kit was used to examine their enzyme activities.
GABA production in these strains are being investigated by GABase and
gas chromatography and the results will be presented at the meeting.
Keyword : γ-Aminobutyric acid, jeot-gal, Lactic acid bacteria
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Anti-Seizure Effect of Ketogenic Diet with Synbiotics by Modulating
of Gut Microbiota on Pentylenetetrazol-Induced Seizure in Mice
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One of the major symptoms of epilepsy is seizure. Seizure happens
through hyperpolarization of the neuronal cells in the brain by activating
GABA and Glutamate channel. Seizure sometimes can threaten patients’
life. Ketogenic diet (KD) has been known to alleviate seizure like
behavior of epilepsy patients by reducing serum glucose level and
increasing serum ketone body level. In this state, patient’s brain then use
the energy through utilize serum ketone body than glucose so that the
synapse hyper-excitation reduces and thus reduce seizure like behavior.
According to few studies, KD administration can change the brain
metabolism by modulating gut microbiota (GM). Our study is more
focusing on GM alteration by lactic acid bacteria (LAB) supplementation
with KD. And our study also aimed gut microbiota modulation by
administrating LAB with or without KD so that we can check LAB
supplementation have the anti-seizure effect. We used pentylenetetrazol
(PTZ) to induce seizure on mice so the group of animal model was
designed as: Normal diet group (ND); PTZ group (ND+PTZ); KD group
(KD); KD with PTZ group (KD+PTZ); and KD, PTZ with LAB group
(KD+PTZ+LAB). The results of this study showed that administrating
both KD and LAB increased gut and brain barrier function by increasing
tight junction protein mRNA expression level both in colon and brain.
Additionally, LAB administration increased brain GABAr, GLT-1, and
BDNF level which can be related to decrease seizure like behavior so
we tested behavioral change and found that LAB also reduced seizure
like behaviors, and even mortality. Especially, KD treatment with LAB
significantly modulated fecal microbiota with increasing Lactobacillus,
Akkermensia muciniphila, Bifidobacterium and decreased some
pathogenic strain. These results are suggesting the potential of LAB
supplementation with KD can modulate gut microbiota and thus
decrease seizure symptoms of epilepsy patients through gut-brain axis.
Keyword : Lactic acid bacteria, Gut microbiota, Seizure
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Bacteria of the genera Bacillus, Enterococcus, and Staphylococcus were
isolated from meju using selective media. The genus Bacillus was
confirmed as the predominant group, in the species order B. velezensis,
B. sonorensis, B. subtilis, and B. licheniformis. We introduced strains of
these four Bacillus species, one strain of each species, to soybean
fermentation to illuminate their functional differences. The strains were
isolated from soybeans or fermented soybean foods and their complete
genome sequences were published. Their protease activities were
exhibited in the order B. velezensis, B. subtilis, B. licheniformis, and B.
sonorensis. However, B. velezensis produced the least amount of amino
acids in the soybean fermentation among the species. Especially, the
amount of glutamic acid was the lowest and that of gamma-aminobutyric
acid (GABA) was the highest. We identified genes involved in the GABA
production from the genomes of four species. B. velezensis possesses
gamma-glutamyl-gamma-aminobutyrate hydrolase gene (puuD); and
B. licheniformis and B. sonorensis possess glutamate decarboxylase
gene (gad) in the species-specific manner. Neither of the genes were
found in B. subtilis. We confirmed Bacillus species have two pathways
for GABA production.
Keyword : Bacillus, gamma-aminobutyric acid (GABA)

D-44
Lactobacillus Fermented Milk Products(FMPs) Exhibits Bone
Loss Preventing Effect in Glucocorticoid-Induced Secondary
Osteoporosis via Inhibition of Osteoblast Apoptosis
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Osteoporosis is defined as a skeletal disease characterized by decreased
bone mass and worsening of bone structure, causing bone fragility and
increased risk of bone fracture. The major cause of osteoporosis is due
to unbalanced bone remodeling, which is controlled by the activity of
bone-resorbing osteoclast and organic bone matrix-producing cell
osteoblasts. Therefore, increased activity of osteoclasts, which leads to
higher bone resorption than bone formation, causes unbalanced bone
remodeling activity and loss of bone tissue in various sites of the skeleton,
ultimately leading to osteoporosis. Synbiotics are food ingredient or
dietary supplements combined with probiotics and prebiotics. Among
diverse prebiotic candidates, fermented milk product (FMP) is skim milk
fermented by probiotic bacteria and it has been reported to exhibit bone
protective effect through various signaling pathways. In order to confirm
the osteoprotective effect in vivo, we established animal model of
secondary osteoporosis and investigated bone metabolism related
markers including apoptosis related genes. Dexamethasone (DEX) were
injected to 8-weeks old female Wister rats by intramuscular injection
method one a week (7mg/kg) for 5 weeks and FMPs fermented by 2
different selected Lactobacillus strains were daily gavaged on a dosage
of 1010 CFU/ml for the same period. Bone samples from left femur were
investigated by micro-CT method for bone mineral density (BMD) and
bone trabecular content. Additionally, basic bone metabolism related
markers in femur, tibia and serum were measured. DEX treatment
significantly reduced the BMD and bone trabecular than the normal
group (P<0.05). FMP treatment reversed this effect by normalizing the
reduced BMD similar to the normal group. Also, gene expression of
osteocalcin (OCN) and osteoprotegerin (OPG) were significantly
increased in Lactobacillus FMP treated groups. Furthermore, some
apoptosis-related genes were also normalized by Lactobacillus FMP
treatments. In this study, out of 2 selected probiotic strains, Lactobacillus
plantarum A41 and Lactobacillus fermentum SRK414 fermented milk
product have shown the anti-osteoprotective effect on a rat model of
secondary osteoporosis by enhancing the mRNA expression of
bone-forming protein marker (OCN) and bone resorption degrading
markers (OPG). Also, these strains were capable of inhibiting apoptosis
of bone-forming osteoblasts. In conclusion, our study demonstrates that
FMPs by Lactobacillus strains increases bone metabolism related gene
expressions and gives new therapeutic mechanism by controlling bone
cell aopotosis mechnisms.
Keyword : Osteoblast, Synbiotics, Secondary osteoporosis
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Cell-Disrupted Dead Lactic Acid Bacteria Enhance Anti-Inflammatory
Effects in Lipopolysaccharide-Stimulated RAW 264.7 Cells

Calibration of Microbial Community Profiles Based on 16S rRNA
Amplicon Using Internal Standards

Nayeon Lee1, Sewon Jang1, Soomin Lee1, Hee Soon Shin2, Jong-Hyun
Park1, Byung-Hoo Lee1*
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Technology, Gachon University, Sungnam 13120, Republic of Korea,
2
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Wanju 55365, Republic of Korea

ChangWoo Park1,2,3, Zohaib UL Hassan2,3, Seil Kim2,3*
1
Department of Biological Science, Chungnam National University College
of Bioscience and Biotechnology,99, Daehak-ro, Yuseong-gu, Daejeon
34134, Republic of Korea, 2Division of Chemical and Medical Metrology,
Center for Bioanalysis, Korea Research Institute of Standards and Science,
267, Gajeong-ro, Yuseong-gu, Daejeon 34113, Republic of Korea,
3
Convergent Research Center for Emerging Virus Infection, Korea Research
Institute of Chemical Technology, 141, Gajeong-ro, Yuseong-gu, Daejeon
34114, Republic of Korea

Dead cells of lactic acid bacteria (LAB), which were prepared by
enzymatically and/or physical treatments, have been known to improve
the intestinal immunity. In this study, three types of ceased LAB,
Bifidobacterium bifidum BGN4, Lactobacillus paracasei IBS041 and
Lactobacillusacidophilus PIN7, were selected to study the immuneregulatory properties. The dead cell extracts produced by heat-treatment
at 121℃ or ultrasound-processing after lysozyme reaction to hydrolyze
the cell surface were investigated to determine the inhibition properties
of immune responses by using lipopolysaccharide (LPS)-stimulated
RAW 264.7 macrophage cells. The results showed that secretion levels
of pro-inflammatory cytokines such as interleukin-1β (IL-1β),
interleukin-6 (IL-6), interleukin-8 (IL-8) and tumor necrosis factor-α
(TNF-α) were significantly decreased by BGN4 and IBS041 cell-wall
extracts collected by sonication compared to live bacteria. Interestingly,
only BGN4 fractions by heat-killed inhibited IL-6 activation, while other
bacteria cells were not impacted on immune-regulation. The cell extracts
of BGN4 and IBS041 by lysozyme and ultrasound treatments reduced
the secretion of IL-6 and TNF-α. In conclusion, the LAB with the
disrupted cell wall by ultrasound and lysozyme treatment has a potential
to contain more functional biomaterials to regulate the immune-response
compared to heat-killed cells.
Keyword : Dead cell, Lactic acid bacteria, Anti-inflammatory
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Biosynthetic Routes for Producing Novel Potential Human
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Fucosyl-oligosaccharides (FOSs) are receiving much attention due to
the physiologically crucial roles as prebiotics, neuronal growth factors,
and inhibitors of enteropathogens. Despite these beneficial effects,
biosynthetic routes and mass production of FOSs have yet to be
developed. Here, we propose the novel biosynthetic routes to generate
various biomimetic and non-biomimetic FOSs through the in vitro
enzymatic reactions of α1,2-fucosyltransferase, FucT2, with various
sugar acceptors including glucose, cellobiose, and agarobiose, which
have never been attempted as the acceptors so far. Also, by expressing
the genes associated with the de novo pathway and fucT2 in Escherichia
coli BL21(DE3), 17.7 g/L of 2′-fucosylgalactose (2-FG) was produced
by a fed-batch fermentation of an engineered E. coli. Then, the in vitro
prebiotic effect of 2-FG was evaluated by confirming the selective
fermentability of 2-FG by the bifidobacteria. The novel biosynthetic
routes of various FOSs demonstrated in this study can provide new design
principles for metabolic engineering of industrial microorganisms to
produce high value-added FOSs more environmental-friendly.
Reference: Eun Ju Yun, Jing-Jing Liu, Jaewon Lee, Suryang Kwak, Sora
Yu, Kyoung Heon Kim*, Yong-Su Jin* (2019) Biosynthetic routes for
producing various fucosyl-oligosaccharides. ACS Synthetic Biology 8
(2), 415-424 (IF=5.316)
Keyword : Fucosyl-oligosaccharides, 2′-Fucosylgalactose, Metabolic
engineering
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Microbial community analysis can be used to assess beneficial and
harmful microorganisms in various fields and environments, including
food and pharmaceuticals. Recently, the Next-Generation Sequencing
(NGS) technology has enabled rapid and accurate microbial community
analysis. Especially, the amplicon analysis based on 16S rRNA gene is
one of the most rapid and easy for microbial community structure
analysis. However, due to the bias from sequencing NGS platforms,
sequencing library preparation methods, PCR primers and etc., the
internal standards are required to make each microbial community
analysis from different methods compatible. The internal standards
based on 16S rRNA genes were designed to calibrate each results from
different methods. The sequences of internal standards were designed
based on 16S rRNA genes sequences of the eight probiotics and their
sequence similarity to their original genomic counter-parts showed that
these internal standards were clearly distinguished from their original
counter-parts. The genomic DNA and the internal standards were
quantified using ddPCR (Droplet Digital PCR), and mock communities
were constructed with various ratios of each genomic DNA. The mock
communities were amplified using various primer pairs and the
amplicons were sequenced by various NGS platforms. The
microbiological profile results from various methods were calibrated by
internal standards. In conclusion, the microbiological profile results
were successfully calibrated by internal standards, reducing the bias
from sequencing platform and primer pairs. It indicated that the designed
internal standards can be used to provide compatibility between each
microbial community analysis results.
Keyword : 16S rRNA, Internal Standard (IS), ddPCR (Droplet Digital
PCR)
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Dual Nucleotide Specificity of Cytoplasmic Domain of Vibrio
cholerae FeoB Essential for Ferrous Iron Uptake
Yerin JIn1, Minhye Shin2, Shelley M. Payne2*, Kyoung Heon Kim1
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Feo is a major ferrous iron transport system in prokaryotes and plays an
important role in iron acquisition especially in numerous pathogenic
bacteria. Despite the importance of Feo in bacterial survival or virulence
in mammalian hosts, its mechanism of transport is poorly understood.
The feo locus of bacteria includes three genes, encoding the FeoA, FeoB,
and FeoC proteins, which are all required for Feo system function. FeoA
and FeoC are both small cytoplasmic proteins, and FeoB is a large integral
membrane protein made up of an N-terminal GTPase domain and a
C-terminal membrane-spanning region. In this study, we show that
Vibrio cholerae FeoB possesses ATP, as well as GTP, hydrolysis activity,
compared to Escherichia coli FeoB with GTPase alone. We also suggest
that serine and asparagine residues in the G5 motif are likely to be
involved in the ATPase activity, supported by ATPase activity of
Helicobacter pylori FeoB and Streptococcus mutans FeoB which have
the same residues as V. cholerae in its G5 motif. Additionally, we
demonstrated that FeoA and FeoC affect the nucleotide hydrolysis
activity of FeoB. Our data indicate that this family of transporters may
be more diverse than previously recognized, with some members being
able to function as either a GTPase or ATPase, or both, in transporting
iron. These results add significantly to our understanding of the NTPase
domain of FeoB and its role in Feo function.
Keyword : FeoB, iron transporter, Vibrio cholerae
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Evaluation of Horse Manure as a Carbon and Nitrogen Source for
Ethanol Fermentation Using Pichia stipitis

Optimizing Carbon and Nitrogen Supply for Enhanced CO2
Biofixation and FAME Production of Chlorella sp. HS2

JunHo Yim1, Dong-Jun Lee2,3*, Kwang-Hwa Jeong3*, Mi-Seon Jang1*,
Eilhann E.Kwon2*, Young-jae Jeon1*
1
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3
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Manoranjan Nayak1,3, Bongsoo Lee2, Yong Keun Chang1,3
1
Advanced Biomass R&D Center, KAIST, Daejeon 34141, Republic of Korea,
2
Department of Microbial and Nano Materials, Mokwon Univ., Daejeon
3
35349, Korea, Department of Chemical and Biomolecular Eng., KAIST,
Daejeon 34141, Republic of Korea

Horse manure contains high levels of cellulose, hemicellulose and a
nitrogen source. This carbon/nitrogen rich biomass was evaluated as a
potential feedstock for bioethanol production. Two basic pretreatment
methods including acid and alkaline pretreatments followed by
enzymatic saccharification were applied to find an optimal condition for
efficient sugar recovery for bioethanol fermentation. The recovered
fermentable sugars were further evaluated by the fermentability of
Pichia. stipitis with/without the supplement of nitrogen source. The
results indicated that the fermentable sugars recovered from the alkaline
pretreatment followed by enzymatic hydrolysis were more efficiently
converted to ethanol in the absence of nitrogen source by the yeast. The
results indicated that horse manure has great potentials to be used in
economical ethanol process without the supplement of nitrogen source.
Keyword : Horse manure, Ethanol fermentation, Pichia stipitis
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Microalgae-based carbon sequestration has recently received growing
interest in many countries. Carbon sequestration is an important strategy
of reducing CO2 emission in to the atmosphere. Biological sequestration
of carbons through microalgal systems represents a promising and
sustainable alternative to current carbon mitigation methods, whereby
CO2 can be captured in the form of biomass via photosynthesis and is
subsequently converted into various form of bioenergy. Hence, it is
necessary to enhance the carbon utilization efficiency of microalgae by
optimizing the concentration of dissolved carbon in the culture medium
and to reduce excess CO2 emission. The present study investigates the
effect of supplying NaHCO3 with CO2 as the inorganic carbon source
to enhance the utilization efficiency of CO2 for maximum FAME
−1
productivity of Chlorella sp. HS2. The specific growth rate (0.615 d ),
−1 −1
biomass productivity (530.1 mg L d ), CO2 biofixation rate (996.4
−1 −1
−1 −1
mg L d ), FAME productivity (141.8 mg L d ) and FAME content
(26.76%) were found to be maximized at NaHCO3 concentration of 0.5
g L−1 with 1% (v/v) CO2 enriched air (0.25 vvm flow rate)
supplementation in shake flask condition. The FAME productivity
−1 −1
(169.37 mg L d ) and FAME content (31.2%) were 1.19 and 1.16
times higher respectively in the flat panel photobioreactor than in shake
flask condition. Fatty acid profile and biofuel properties show suitability
for biodiesel production. The economic assessment revealed that
combining supplementation of both carbon sources greatly reduces the
−1
carbon supply costs, from $8.92 Kg when only NaHCO3 was used as
−1
the carbon source down to $0.86 Kg when 1% CO2 was supplied
alongside NaHCO3. These findings show that combined application of
NaHCO3 and CO2 is the more cost-effective approach of supplying
carbon source to microalgae for FAME production.
Keyword : Microalgae, CO2 bio-fixation, FAME
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Improvement of Biomass and Lipid Yield under Nutrient and
Osmotic Stress Condition by Polyploidization of Chlamydomonas
reinhardtii

Microalgal Community Structure and Biodiversity Analysis for
Effective Mass Cultivation Systems in South Korea

Minsoo Kwak , Won-Kun Park , Byeong-ryool Jeong , Yong Keun
Chang1,2*
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Ho-Sung Yoon1,2,3, Seung-Woo Jo1, Jeong-Mi Do2, Ho Na2, Hyun-Sik
Yun2, Yea-Jin Yeom2, Hyung Guk Kwon4, Myeong Ju Kim4, Chan Ho Lee4,
Ui Chan Kim4, Il-Sup Kim3
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Department of Energy Science, Kyungpook National University, Daegu
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3
Republic of Korea, Advanced Bioresource Research Center, Kyungpook
National University, Daegu 41566, Republic of Korea, 4Gyeonggu High
School, Gumi 39209, Republic of Korea

Algal biofuel feedstocks are good candidates for biofuels and can be
improved through genetic improvements for maximum production of
biomass and lipid contents. However, currently available genetic
modifications involve the introduction of foreign genes into the algal
genome, resulting in legal and public conflicts due to environmental,
economic and/or health concerns. In this regard, we applied polyploidization
to microalgae, which is the old concept of crop improvement to enhance
biomass productivity and stress tolerance. In this study, we induced
diploidy in the model algae Chlamydomonas reinhardtii by treating
haploid cells with the microtubule inhibitor colcemid, and then 5 diploid
candidates were selected based on neutral lipid contents and colony size.
Two of the isolated diploid strains, named CMD ex1 and CMD ex4,
contained doubled DNA content and showed larger cell size and weight
compared to the haploid cells. Furthermore, these diploid strains
achieved two times more biomass and lipid productivity than control
under stress conditions including nutritional and oxidative stress. These
results demonstrated that the polyploidization can be utilized in industrial
microalgae to achieve economic feasibility for biofuel production.
Keyword : Polyploidization, Chlamydomonas, Biofuels

We explored the possibility of biofuel and biochemical production by
maintaining efficient microalgal growth at an over 500-ton outdoor pond
system in South Korea. For effective mass cultivation ofmicroalgae, it
is essential to gather accurate information about the species composition
to understand the materials and energy circulation in the ecosystem.
Using metagenomics, this study investigated biodiversity and
microalgae community structure with or without a semi-transparent film
cover onopen pond raceways. Biofuel production of microalgal biomass
was estimated through fatty acid and biodiesel quality analyses. Our
results indicate that primer set covering V8-V9 region of the 18S rRNA
gene could be a candidate to improve the analysis of pond microalgae
community structure. Differences of the microalgal species composition
were attributable to the effects of physicochemical environmental
factors such as seasonal changes and dynamics of other organisms in the
ponds (ex. zooplanktons, fungi, and bacteria). Scalability assessment
and biodiversity analyses to evaluate the current productivitypotential
suggest that microalgal biomass can have a meaningful effect on the
energy portfolios of South Korea.
Keyword : Microalgae, Mass cultivation, Biodiversity
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Improvement of Acetate Transporter SatP and Acetate Kinase Ack
in Methanosarcina bakeri through Adaptation
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Methane has been recognized not only as a highly potent greenhouse gas
that should be reduced but also as an important renewable resource for
the production of biochemicals and fuels. While methane conversion is
useful in biotechnological applications, it is technically challenging and
expensive. Methanotrophic bacteria have emerged as promising
biocatalysts because of their ability to utilize methane at ambient
temperature and pressure. Methanotrophs utilize methane as a sole
carbon and energy source, and modulate non-methanotroph metabolism
by secreting organic acids in nature. While methanotroph has a high
methane conversion activity, its use for larger carbon synthesis has been
limited by the lack of genetic tools for elaborate metabolic engineering.
Here, we developed co-culture system of methanotrophs and symbiotic
partners that are easy to genetically engineered. The optimization of
operating conditions such as growth media, methane content and gas
supply rate enabled the successful mevalonate production from
methane. We expect this syntrophic microbial system to accelerate the
carbon flow from methane to larger carbons and hence to bring new
applications in shale gas uses and bioremediation technology.
Keyword : Methanotroph, Co-culture, Fermenter
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Methanosarcina bakeri is the strain that can use both methanol and
acetate to produce methane. Therefore M. bakeri is a good candidate to
remove acetate which is produced during fermentation. But this strain
prefers methanol to acetate. Therefore we adapted M. bakeri on acetate
by successive cultivation for 14 days. The consumption of acetate in this
strain had accelerated significantly. The real-time PCR showed that the
transcription of satP (acetate transporter) and ack (acetate kinase)
increased 2 fold and 40 fold, respectively. The enzyme activity of SatP
and Ack increased 3 fold and 2.5 fold, respectively. Accordingly, we
concluded that the expression and enzyme activity of satP and ack were
increased by adaptation of M. bakeri.
Keyword : Methanosarcina bakeri, adaptation, SatP AcK

Development of Microbial Gas Fermentation Systems for the
Production of Multi-Carbon Compounds from Methane
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Change of Microbial Community Structure by Substrate
Concentration in Continuous Bio-Hydrogen Production
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2
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The aim of this study was to evaluate the feasibility of biological
hydrogen production (BHP) using dynamic membrane bioreactor
(DMBR). The BHP was conducted under conditions of batch and various
hydraulic retention time (HRT), and microbial community was analyzed
at each HRTs and specific event points. The dominant species in DMBR
reactor was Clostridium chromiireducens which was enriched up to 82
% at 2 h HRT and Enterobacter cloacae was observed during entire BHP
as from 0.2 to 34.4%. When yield and rate of BHP drops sharply despite
the stable operation, one of major inhibition organism on BHP,
Sporolactobacillus putidas was observed with a relatively high portion
(8.8 %) at low substrate level in the DMBR. Due to the relatively low
affinity, S. putidas is considered to increase at lower substrate conditions
(< 0.5 g/L) than C. chromiireducens. Indeed, the BHP and C.
chromiireducens portion increased as the substrate concentration
increased while the S. putidas ratio decreased.
Keyword : Bio-hydrogen, Dynamic membrane bioreactor (DMBR),
Microbial community
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Isolation and Characterization of the Stress-Tolerant Candida
tropicalis YHJ1 and Evaluation of Its Xylose Reductase for Xylitol
Production from Acid Pretreatment Wastewater
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A stress-tolerant yeast was isolated from honey using acid hydrolysate
generated from sequential acid-/alkali-pretreatment of empty palm fruit
bunch fiber (EPFBF). The isolated yeast was identified molecularly,
taxonomically, and morphologically as Candida tropicalis YHJ1, and
analyzed for application in xylitol production. The isolated yeast showed
stress tolerance toward various chemical reagents and could grow with
up to 600 g/L xylose in the culture medium. This yeast also had a broad
carbohydrate utilization spectrum, and its xylitol yield was greatest in
medium supplemented with xylose as the sole carbon source. In batch
fermentation for xylitol production, the yeast could convert xylose
prepared from acidic EPFBF pretreatment wastewater into xylitol.
Interestingly, C. tropicalis YHJ1 xylose reductase, containing a Ser279
residue, exhibited more effective xylitol conversion compared to
orthologous Candida enzymes containing Leu279 or Asn279; this
improvement was associated with NADPH binding, as predicted
through homologous structure modeling and enzyme kinetic analysis.
Taken together, these results show a novel stress-tolerant yeast strain that
may be applicable to xylitol production from toxic lignocellulosic
byproducts.
Keyword : Candida tropicalis YHJ1, acid pretreatment wastewater,
xylitol fermentation
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Xylose is a pentose sugar with the potential to convert a variety of
valuable chemical products. In this study, acidic pretreatment
wastewater generated during a sequential acid-/alkali-pretreatment
process was recycled to increase the hydrolyzed hemicellulose fraction
from empty palm fruit bunch fiber (EPFBF), a lignocellulosic biomass.
The xylose in the reused wastewater was subjected to overliming and
an activated charcoal column was used to remove inhibitory compounds,
for xylitol fermentation using the adapted C. tropicalis strain. The cell
growth and xylose uptake rates in the adapted strain were 1.7- and 5-fold
higher, respectively, compared to the wild-type strain. During batch
fermentation using the adapted yeast strain and the post-pretreated
xylose solution, 35.2 ± 0.8 g/L xylitol was obtained within 61 h for a
production yield of 0.44 g xylitol/g xylose. These results indicate that
xylose in the byproducts produced in the bioethanol process could be
recovered for production of xylitol.
Keyword : Acidic pretreated biomass wastewater, sequential acid-/
alkali-pretreatment process, adapted C. tropicalis
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Maximizing Biomass and Lipid Production in Ettlia sp. by
Ultraviolet Stress in a Continuous Culture
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Lipid production in microalgae can be induced by various stress factors.
However, stress induced lipid accumulation requires considerable time
leading to the decrease in lipid productivity. Here, we attempted to
increase the lipid productivity while maintaining the high growth of
Ettlia sp. by optimizing nitrogen concentration and UV exposure in a
continuous culture. The biomass and lipid productivities of Ettlia sp.
-1
cultured with 150 mg N L and UV-A added PAR were 1.67 ± 0.08 g
-1 -1
-1 -1
L d and 0.55 ± 0.05 g L d , respectively. Lipid productivity and lipid
content were around 43.7% and 33.7% higher, respectively in UV-A
treatment compared to the control. Moreover, gene-expression patterns
related to antioxidant defense and intracellular ROS levels indicated that
UV-A affected certain ROS and antioxidants pathways and successfully
induced the lipid accumulation in Ettlia sp. This strategy to activate lipid
accumulation can be applied in other microalgae without affecting their
growth.
Keyword : N concentration, lipid productivity, ultraviolet
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Construction of the Engineered Sulfolobus acidocaldarius
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Ettlia sp. has a string of advantages such as high CO2 tolerance, high lipid
contents, UVB protective effects in human, etc. The previous study
accomplished the higher productivities of biomass and lipids with
heterotrophic culture, but still, the cost of the process was not in the scope
of economics. To solve that, in this research, the hydrolysis of Jerusalem
artichoke, the cultivation using multi-sugar, and hydrolysis of lipid
extracted algae (LEA) were studied. The hydrolysis of Jerusalem
artichoke was done with 0.5 N sulfuric acid in various temperature
conditions, first. After, multi-sugar cultivation experiments maintaining
the fructose-glucose ratio from hydrolysis were done. To maximize
yields of hydrolysis, low acid concentration experiments were
conducted. The first hydrolysis result showed fructose yield of 0.51 and
a glucose yield of 0.14 at 70℃, 30 min. Additional hydrolysis experiment
showed only 0.1N of sulfuric acid can produce fructose at a similar yield
compared to control, at 60 min, 80℃. The ratio of fructose and glucose
was 4:1. After, 100 g/L of LEA was hydrolyzed in various concentration
of sulfuric acid to maximized the yield of amino acids, and 2N of sulfuric
acid at 110℃ in 24hours, 40g/L of amino acids had acquired. Base on
this, in this research, a one-pot two-step hydrolysis was studied.
Keyword : Jerusalem artichoke, Lipid extracted algae, Ettlia sp.
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Sulfolobus acidocaldarius is an aerobic thermoacidophilic archaeon
which grows around 75℃, with pH optimum in the range of 2-3. This
strain metabolizes the glucose and xylose, the key components of
lignocellulosic biomass, simultaneously without any diauxie growth.
This characteristics is a great advantage for a host that produces biofuel
from cellulosic biomass by eliminating the need for separating the
5-carbon and 6-carbon sugars during acidic and high temperature
pretreatment and thus shortening the time required for fermentation of
both sugars. The main problem in the utilization of lignocellulosic
biomass as raw material for the production of biofuels lies in the
recalcitrance of this material to hydrolysis. In order to make this strain
as cell factory for biofuel production, we established strains including
an endoglucanase (Sso1354) from S. solfataricus and an α
-glucuronidase (AguA) from Geobacillus stearothermophilus naming
LAR1-1 and LAR1-2, respectively. Sso1354 and AguA were expressed
and purified successfully in S. acidocaldarius and showed the synergistic
activity for beechwood xylan under high temperature and acidic pH
conditions. The protein engineering of Sso1354 with carbohydrate
binding module and exo-glucanase activity is underway to degrade the
crystalline cellulosic substrates and thus ultimately establish the
engineered S. acidocaldarius host for the efficient breakdown of
lignocellulosic biomass.
Keyword : Sulfolobus acidocaldarius, Lignocellulosic biomass, Synergistic
activity

One-Pot Two-Step Hydrolysis of Jerusalem artichoke and Lipid
Extracted Algae for Heterotrophic Cultivation of Ettlia sp. YC001
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Biomass and Lipid Production from Two Microalgae Using LED
Wavelength for Two Phase Culture Process

Effect of Magnesium Aminoclay Nanoparticle on the Growth and
Lipid Accumulation in Three Oleaginous Chlorella Species
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Biomass and lipid productions using marine microalgae promote
renewable energy production such as biodiesel. Microalgae produce
high amount of lipid under stress conditions. In this study,
Phaeodactylum tricornutum and Pavlova pinguis were cultured using
modified F/2 media in 1 L working volume of 2 L flask culture.
Temperature was controlled at 20oC with 2.5 L/min of aeration. The
nitrate concentration was varied as 80 mg/L 160 mg/L, 240 mg/L and
320 mg/L to find optimal nitrate concentration. Two-phase culture
process combining a biomass production on the first phase using blue
(465 nm) LED wavelength and followed by a lipid accumulation on the
second phase using yellow (590 nm) LED wavelength resulted in the
improvement of biomass and lipid productions in P. tricornutum and P.
pinguis.
Keyword : Microalgae, LED wavelength, two-phase culture
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Development of Cell Wall-Less Mutant in Nannochloropsis salina
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2

JongMin Lim , Seung-A Choi , Kwon Hwangbo , Youn-Il Park ,
Won-Joong Jeong1*
1
Plant Systems Engineering Research Center, Korea Research Institute of
Bioscience and Biotechnology, Daejeon 34141, Republic of Korea,
2
2Department of Biological Sciences, Chungnam National University,
Daejeon 34134, Republic of Korea

Rigid and thick cell wall is one of barriers for oil extraction from
Nannochloropsis cells. Seventy % of cell wall composition is cellulosebased in Nannochloropsis. To embrittle cell wall of Nannochloropsis,
cellulose synthase genes were knocked out by gene editing and knocked
down by RNA silencing in this study. Transgenic lines expressing Cas9
and sgRNA targeted for cellulose synthase genes 1 to 4 were generated.
Knock out lines of CesA1 and CesA4 genes were selected by restriction
mediated PCR. Two to 26 nt insertions or deletions were confirmed by
sequencing of the PCR products in selected lines. Transgenic lines
expressing RNAi construct for cellulose synthase genes 1 to 4 were also
generated. Reduced expression of CesA 1, 2, and 4 genes were confirmed
by Northern analysis. Cell wall staining by Calcoflour white and TEM
analysis showed that cell wall thickness of the lines were decreased
compared to wild type. Cell wall of the liens were more susceptible to
sonication. These results suggests that cellulose contents is reduced in
the lines. In this study we generated cellulose less lines by targeted
knockout and knockdown of cellulose synthase genes. These cell lines
will be useful for easy oil extraction and for understanding carbon
relocation due to less using carbon for cellulose synthesis in
Nannochloropsis.
Keyword : Nannochloropsis, Cellulose synthase gene, Knock out
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Over 10 years, as an eco-friendly biodiesel feedstock, microalgal lipids
are attracting much attention in academic and industrial fields. Under
unfavorable or stressful conditions such as nutrient starvation,
microalgal cells can accumulate large amounts of lipids. In this study,
in order to enhance both lipid content and productivity, magnesium
aminoclay (Mg-AC) nanoparticles of 0.05 - 1.0 g/L were initially added
to three oleaginous Chlorella species (KR-1, M082, and N113 strains)
during 7-d photoautotrophic cultivations. When 0.5 g/L Mg-AC was
applied to Chlorella sp. KR-1, maximum fatty acid content and
productivity could be obtained at 380.4 mg/g cell and 172.9 mg/L/d,
respectively. These values were 19% and 29% higher, respectively, than
the control without Mg-AC. Total lipid content of KR-1 cells with
Mg-AC was also very high at 510.3 mg/g cell and 1.32-fold higher than
that of control (370.4 mg/g cell). Interestingly, however, the addition of
Mg-AC at the same concentration considerably reduced the final
biomass concentration and lipid content in other Chlorella sp. M082 and
N113. These results indicate that Mg-AC nanoparticle can improve lipid
production of Chlorella sp., but is highly species-specific.
Keyword : Microalgae, Biodiesel, Nanoparticle

Improvement of CO-Utilizing Efficiency at Eubacterium limosum
KCTC13263BP via Overexpression of CO Dehydrogenase Gene
Complex
Hyunsoo Kang, Soyoung Oh, Minseok Cha, Jiyeong Jeong, In Seop Chang*
School of Earth Sciences and Environmental Engineering, Gwangju Institute
of Science and Technology (GIST), Gwangju 61005, Republic of Korea

Eubacterium limosum KCTC13263BP is a strict anaerobic and
acetogenic bacterium which is able to produce acetate and butyrate from
carbon monoxide and/or carbon dioxide. Since bioconversion of CO to
desired products using acetogenic bacteria draw public attention due to
cost efficiency as compared to the process using chemical catalyst.
Therefore, this study has demonstrated on the ways how to improve the
CO bioconversion rate and productivity of acetate using the Eubacterium
limosum KCTC13263BP strain. This strain strain fixes carbon source
via Wood-Ljungdahl pathway (WLP) and converts to the acetyl-CoA.
Acetyl-CoA, a reduced intermediate, is either converted to the acetate
or utilized as a cellular biomass. CO Dehydrogenase (CODH), as a key
enzyme in WLP, mainly acts as the way of reducing power conservation
by the oxidation of CO, and this key enzyme initiates the metabolic
pathway of energy required for the cellular metabolism in autotrophic
condition. Here, KCTC13266BP strains were tested with batch culture
to see the levels of acetate production and CO consumption. In this poster,
it is showed that approximately 3.1-fold and 1.6-fold increased respectively
in CODH activity and specific growth rate of mutant strain by
overexpression of CODH coding gene complex, compared to wild type
KCTC13266BP strain. It is finally posited that the overexpression of
CODH and related genes in KCTC13266BP strain is able to increase
CO-oxidation ability and eventually bioconversion of CO to acetate
production.
Keyword : Acetogen, Carbon monoxide dehydrogenase, Carbon monoxide
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Value-Added Biochemicals Derived from Microalgae
*

Sangwoo Kim, Hyungjin Jun, Jongin Lee
SK Chemicals, 310, Pangyo-ro, Bundang-gu, Seongnam-si, Gyeonggi-do,
13494, Republic of Korea

Microalgae have been suggested as an alternative source for biofuel
because of their much higher oil productivity per unit area than major
oil crops such as soybean, palm and rapeseed. However, its water-born
and tiny size lowers economic feasibility of microalgae oil because of
many tough process during its harvest and lipid extraction. In order to
increase economic feasibility of microalgae oil, SK Chemicals focuses
on developing high valuable bio-chemicals which can be derived from
microalgae oil. Using SK Chemicals’s proprietary technology in
biodiesel manufacturing process, it was found that dimer acid methyl
ester (DAME) can be synthesized with biodiesel without using catalyst.
Furthermore, the amount of DAME can be increased by using high-level
of unsaturated fatty acids feed such as microalgae oil. SK Chemicals
further developed methods for separation and purification of DAME and
conversion of purified DAME into dimer acid (DA). The manufacturing
procedure of biodiesel, DAME, DA and other possible bio-chemicals
will be presented in this time.
Keyword : Biochemical, Dimer acid methyl ester, Dimer acid
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Design of a Microalgal Co-Firing Process for Closed-Loop CO2
Sequestration
Jeehwan Lee, Jay H. Lee
Department of Chemical and Biological Engineering, Daejeon, KAIST,
34141, Republic of Korea

Microalgae has been considered as a promising “third generation”
renewable feedstock for the production of biofuels. One of the
historically touted advantages of microalgae as a renewable feedstock
were comparatively high areal productivities and the feasibility of
metabolic engineering. However, preliminary process analyses have
concluded that algal based biofuels are not economically feasible due
to high costs of cultivation, and the energy intensive midstream
dewatering and downstream conversion steps. In this work we propose
a process scheme for the direct cultivation and co-firing of microalgal
biomass in a coal-fired power plant. Co-firing of microalgal biomass has
the advantage of maximizing energy yields on a mass-basis while
reducing capital expenditure by removing the need for downstream
processing steps. Chlorella biomass is cultivated in scalable vertical
plastic PBRs using directly impinged post-combustion flue gas with 14.5
wt% CO2. A series of electro-flocculation and high-throughput vacuum
belt filtration is able to achieve 26wt% biomass cake after which
o
low-temperature flue gas from the boiler (128 C) is used to remove
moisture in a two-stage convective dryer. Microalgal biomass are
characterized by a high Hardgrove Grindability Index (HGI) due to its
small particle cell size, and thus do not need a grinding treatment and
can be fired directly at the boiler. A technoeconomic and life cycle
analysis was performed for a hypothetical 1GW coal-fired power plant
with 10% co-firing (boiler thermal input basis). Local sensitivity
analysis reveals that the majority of the parametric sensitivity can be
attributed to values for biomass LHV and biomass productivity, which
currently use deterministic point estimates from experimental data.
Keyword : Co-Firing, Energy Efficiency, Microalgal Biomass
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The Effects of Wavelength and Photoperiod on the Biomass and
Lipid Production in Nannochloris atomus Cultured with Light
Emitting Diodes (LEDs), under Two Phase Culture
*

Enhancement of Biomass, Lipid Production in Porphyridium
cruentum Cultured in 14-Litre LED Bioreactor Using a
Wavelength in Second-Phase Culture System
*

So Hee Kim, Gwi-Teak Jeong, Sung-Koo Kim
Department of Biotechnology, Pukyong National University, Busan 48513,
Republic of Korea

Microalgae have proven to be promising feed stocks serving a variety
of purposes ranging from alternative energy, aquaculture and
pharmaceuticals. Nannochloris atomus has desirablefeatures for high
biomass productivity and lipid synthesis. Using 1-L flasks and f/2 media,
we cultured the species under different LEDs wavelength (red, blue,
green, purple, yellow) and fluorescent light as control at 12/12 L/D cycle.
Using the best wavelength, we increased the light durations at intervals
of four hours (14:10, 18:6 and 22:2). Our findings show that
Nannochloris atomus produced highest biomass under red LEDs and
22:2 L/D cycle. Maximum biomass of 1.2g dcw/L was obtained at a
photoperiod of 22:2 L/D cycle while at 18:6 L/D cycle the highest oil
content was recorded (58.2% (w/w)) when exposed under green LEDs
for 48hours.
Keyword : Nannochloris atomus, photoperiod, LED

Microalgae have been focused as a possible source of new generation
biofuels because of fast growth, high biomass productivity and high lipid
accumulation. Furthermore, long chain fattyacids found in microalgae
have important functions as health supplements. In this study, P.
cruentum was cultured with modified F/2 media in 14L indoor
LED-bioreactor using two-phase culture process. In the first phase, green
LED (520 nm) was used for biomass production, then replaced by red
LED (625 nm) to trigger the lipid accumulation in the second phase. The
evaluation of various parameters of aeration rate, light intensity,
photoperiod regime and the effect of internal illumination was carried
out to find the optimal culture condition. P. cruentum showed the
maximum biomass of 0.91 g/L at an aeration rate of 0.75vvm, light
2
intensity of 300μmol/m /s, and photoperiod cycle of 24:0h.
Keyword : Porphyridium cruentum, LED, 14L bioreactor
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A Putative ER-Localized Lipid Transporter CrABCA2 Involved in
Triacylglycerol Accumulation in Chlamydomonas reinhardtii
Youngsook Lee1, Sunghoon Jang2, Fantao Kong2,5, Jihyeon Lee1, Pengfei Wang4,
Peng Gao4, Takashi Yamano3, Hideya Fukuzawa3, Byung-Ho Kang4
1
Integrative Biosciences and Biotechnology, Pohang University of Science
and Technology, Pohang, 37673, Republic of Korea, 2Department of Life
Sciences, Pohang University of Science and Technology, Pohang, 37673,
Republic of Korea, 3Graduate School of Biostudies, Kyoto University, Kyoto
606-8502, Japan, 4Cellular and Molecular Biology Program, State Key
Laboratory of Agrobiotechnology, School of Life Sciences, The Chinese
University of Hong Kong, New Territories, Hong Kong, China, 5School of
Bioengineering, Dalian University of Technology, Dalian 116024, China

Many microalgae including C. reinhardtii accumulate triacylglycerols
under stress conditions such as nitrogen starvation. Triacylglycerol
synthesis occurs at endoplasmic reticulum (ER), whereas its precursor
fatty acids are synthesized at plastids. Thus highly active transport
system for fatty acids is necessary to support accumulation of TAG under
stress conditions. We previously reported that an Arabidopsis
ATP-Binding Cassette (ABC) transporter AtABCA9 functions as a fatty
acid transporter at the ER membrane during the seed development stage.
Here we identified a gene homologous to AtABCA9 in the genome of
C. reinhardtii, and named it as CrABCA2. Under nitrogen deprived stress
condition, the transcript and protein levels of CrABCA2 increased. Our
membrane fractionation experiment and transmission electron
microscopy revealed that CrABCA2 was localized to the ER. CrABCA2
knockout mutants crabca2-1 and crabca2-2 accumulated less triacylglycerols
than their parental lines, whereas CrABCA2 overexpression lines
accumulated more triacylglycerols. Together, these results suggest that
ER-localized CrABCA2 facilitates triacylglycerol synthesis by
supplying fatty acid substrates.
Keyword : Triacylglycerol, ABC transporter, endoplasmic reticulum
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Enhancing Pigments Production from Chlorella sp. HS2 through
Post Treatment after Heterotrophic Cultivation: Optimization of
the Treatment Conditions Using Response Surface Methodology
(RSM)
1,2
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Urim Kim , Dae-Hyun Cho , Jina Heo , Hee-Sik Kim
1
Cell Factory Research Center, Korea Research Institute of Bioscience and
Biotechnology (KRIBB), 125 Gwahak-ro, Yuseong-gu, Daejeon 34141,
Republic of Korea, 2Department of Environmental Biotechnology, KRIBB
School of Biotechnology, University of Science and Technology (UST), 217
Gajeong-ro, Yuseong-gu, Daejeon 34113, Republic of Korea

Microalgae are common source for pigments with great commercial
potential. Although the continued efforts to induce high accumulation
of this high-value compound have been acknowledged, there is no
outstanding methods to-date that systematically addressed the strategies
to uplift still-low production of this compound. For the first time, we
examined the effect of different post-treatment conditions on the
accumulation of pigments in Chlorella sp. HS2. While a number of
abiotic conditions, including salinity, pH, light intensity, and
temperature, closely influence the biochemical composition of algal
biomass, heterotrophically-grown HS2 was subjected to post-treatment
for inducing high accumulation of algal pigments under different
salinity, pH, light intensity, and temperature conditions. To determine
the optimal post-treatment strategies that can be deployed to achieve the
maximum production of algal pigments, each post-treatment condition
was optimized using Response Surface Methodology (RSM). The
results of RSM indicated that the maximum production of algal biomass
and high-value compound can be achieved at the salinity of 0.7%, pH
2
8.2, the light intensity of 450 μmol/m /s and the temperature of 35 ℃
after 24-hour-long post-treatment under aeration condition; the
experimental results validated the corresponding maximum
productivity of 139.29 mg/L/day for pigments under this optimal
condition. It was also confirmed that the algal lipid productivity was
increased up to 34% under that condition. This achievement is expected
to be a powerful process for enhancing productivity in the mass
production for the industrialization of value-added substances derived
from microalgae.
Keyword : Microalgae, heterotroph, carotenoid
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Biohydrogen Production of Obligate Anaerobic Archaeon
Thermococcus onnurineus NA1 under Oxic Conditions via
Overexpression of frhAGB-Encoding Hydrogenase Genes

Production of Microalgal Sugars from Nannochloropsis gaditana
and Application to Bioethanol Fermentation under Continuous
System

Seong Hyuk Lee1, Min-Sik Kim2, Sung Gyun Kang1,3*, Hyun Sook Lee1,3*
1
Korea Institute of Ocean Science and Technology, Busan 49111, Republic
2
of Korea, Climate Change Research Division, Korea Institute of Energy
Research, Daejeon 34129, Republic of Korea, 3 Department of Marine Bio
technology, Korea University of Science and Technology, Daejeon 34113,
Republic of Korea

Hah Young Yoo1, Kang Hyun Lee1, Ja Hyun Lee2*
1
Department of Biotechnology, Sangmyung University, 20, Hongjimun
2
2-Gil, Jongno-Gu, Seoul 03016, Republic of Korea, Department of Food
Science and Engineering, Dongyang Mirae University, 445, Gyeongin-Ro,
Guro-Gu, Seoul 08221, Republic of Korea

In order to understand the physiological role of a soluble hydrogenase
gene cluster, frhAGB, in a hyperthermophilic archaeon T. onnurineus
NA1, we tried to understand the changes in the mutant by employing
transcriptome analysis. The overexpression of frhAGB genes caused
changing expression of several genes involved in stress response and
transcriptional regulation. We revealed that no significant growth defect
was observed when the frhAGB-overexpressing mutant (FO) was
exposed to 40% air and enable grow on 20% O2 in the headspace of sealed
bottle. Furthermore, FO mutant can grow and produce H2 in a bioreactor
by omitting O2 removal methods. On the other hand, no growth was
occurred in wild-type strain under oxic condition. This study gives an
insight into the function of the frhAGB hydrogenase in T. onnurineus
NA1 and we could demonstrate H2 production without oxygen removal
of obligate anaerobic hyperthermophilic archaeon by overexpression of
frhAGB hydrogenase.
Keyword : frh hydrogenase, biohydrogen, oxygen
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In this study, microalgal sugars was produced from Nannochloropsis
gaditana by acid hydrolysis. The optimum condition of acid hydrolysis
reaction was investigated to improve the sugars conversion. Effect of
reaction factors such as type of acid reagent, acid concentration and
loading ratio of solid/liquid were investigated. The maximum
conversion of microalgal sugars was about 93% by 2% hydrochloric acid
with 100 g/L biomass loading at 121℃ for 15 min. The acid hydrolysates
were applied to the medium for microbial fermentation, in particular,
continuous bioethanol production was carried out by using
Bretthanomyces custersii H1-603 strain in a continuous stirred tank
reactor (CSTR). In addition, cell immobilization of B. custersii H1-603
was performed by with sodium alginate, and the maximum yield of
bioethanol was achieved about 0.36 g/g at the cell/sodium alginate ratio
of 2 (v/v). Finally, the effect of dilution rate (0.04/h to 0.08/h) on the sugars
consumption, bioethanol concentration and yield was investigated in the
CSTR.
Keyword : Biorefinery, Bretthanomyces custersii, Nannochloropsis
gaditana
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A Study on Properties of Bio-Jet Fuel Derived from Microalgae
*
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Wonkun Park , Minsoo Kwak , Byeong-ryool Jeong , Yong Keun
Chang2,3*
1
Department of Chemistry and Energy Engineering, Sangmyung Univ.,
Seoul 03016, Republic of Korea, 2Department of Chemical and Biomolecular
Engineering, Korea Advanced Institute of Science and Technology, Deajeon
34141, Republic of Korea, 3Advanced Biomass Research and Development
Center, Deajeon 34141, Republic of Korea, 4Wonkun Park and Minsoo Kwak
contributed equally to this work.

Biomass platform based microalgae has been studied for decades to
prepare the next generation of chemical and energy production after the
depletion of fossil fuels. So far, lots of achievements have been
accomplished in the genetic engineering field, though, the realization
of microalgal industry have stuck in the development stage, because of
the lower biomass productivity and the regulations on genetically
modified organism in outdoor cultivation. The lower productivity is
closely related with harsh and continuously changing outdoor
conditions; especially temperature. Futhermore, the regulation is related
to the application of GMO in the outdoor cultivation, which could cause
unexpected problem in the outdoor ecosystem. Therefore, in this study,
polyploidy was applied on the alga Chlamydomonas reinhardtii which
is one of the fast growing model stain. In the plant, polyploidy makes
cells have more resistance on the environmental stresses and have bigger
cell size with higher biommolecule contents. In addition, it has no
concerns on GMO because it only have doubled or more increased their
own DNA without foreign genes. As a result, diploid Chlamydomonas
reinhardtii showed enhanced biomass and lipid productivity in the cold
condition (5 ℃). RNA-seq results also showed that those enhanced cold
resistance were related with increased gene expression involved in
photosynthesis, energy metabolism and translation as well as reduced
starch metabolism. Thus, we believe that this polyploidy concept could be
a new solution for continuous outdoor cultivation system for all seasons.
Keyword : Polyploidy, microalgae, transcriptome analysis
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As a solution to achieve the global aspirational goal (of carbon-neutral
growth from 2020 onwards), Carbon Offsetting and Reduction Scheme
for International Aviation (CORSIA) would apply to all States that have
an individual share of international aviation activities in second phase
(from 2027 through 2035). Pilot phase (from 2021 through 2023) and
first phase (from 2024 through 2026) would apply to States that have
volunteered to participate (As of March 2019, 79 States including
Korea). Developing SAF(Sustainable Aviation Fuel) will provide the
aviation industry with an alternative to petroleum-based fuels, enable
the industry to reduce its carbon footprint by reducing its lifecycle
greenhouse gas emissions by up to 80%, allow it to draw upon a variety
of different fuel sources, and be easier to implement than for other
transport modes. Therefore it is important that under the new Korea
initiatives, pilot scale studies evolve practices to produce next generation
liquid biofuels. Whereas the first generation of biofuels is based on well
established technologies, the development of processes related to the
production of next generation liquid biofuels utilizing microalgae
biomass in still in the early stages of R&D in Korea. Microalgae are
considered as promising renewable energy source due to several
advantages such as rapid growth rate and high lipid contents. It can be
converted to bio-jet fuel via fischer-tropsch, hydroprocessed ester and
fatty acids(HEFA) and etc. SPK(Synthesized paraffinic kerosine)
certified to ASTMD D7566 can be mixed to the final blend less than 50%.
In this study, properties of bio-jet fuel converted from microalgae oil
were analyzed and the difference between the petroleum jet fuel and the
bio-jet fuel was confirmed. It can be used as a quality control data for
biofuel production.
Keyword : Microalgae, biojet, biofuel

Enhanced Tolerance of Diploid Strains on Cold Stress and
Transcriptomic Analysis
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Continuous Recovery of Microalgal Lipid from Concentrated
Extraction Mixture with High Separation Efficiency and CostEffectiveness Using Surface-Modified Sponge

Nitrogen Modulation under Chemostat Cultivation Mode Induces
Biomass and Lipid Production by Chlorella vulgaris and Reduces
Antenna Pigment Accumulation
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Dae-Hyun Cho, Kichul Cho, Dong-Yun Choi, Hee-Sik Kim*
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Biotechnology (KRIBB), Daejeon 34141, Republic of Korea

Microalgal lipid is a promising feedstock for biofuels and value-added
products. However, its production process including and lipid extraction
still needs to be developed for the commercialization. Hexane-based
solvent extraction with cell disruption is chosen and the amount of
solvent is minimized considering the scalability of the extraction
process.After solvent extraction, a highly concentrated emulsified
mixture of lipid-in-hexane, aqueous medium and delipidated
Schizochytrium sp. ABC101 debris is produced and usually
phase-separated via centrifugation to separate solvent phase. Because
centrifugation is usually operated in a batch manner with high operation
and investment cost, a continuous and cost-effective solvent phase
recovery is required. Therefore, a new separation system using a
hydrophobic/oleophilic surface-modified sponge via initiated chemical
vapor deposition (iCVD) process is devised. By simply immersing the
modified sponge into the emulsified mixture, the solvent phase is
absorbed spontaneously into the sponge and recovered continuously by
pumping out. Our system can be applied to various extraction methods
and shows high separation yield of 95% and flux of maximum 2640
Lm-2h-1. Moreover, the separation performance is maintained during a
long operation. The sponge based separation method developed in this
study will be a useful platform for microalgae lipid production.
Keyword : Microalgal lipid extraction, oil/water separation, initiated
chemical vapor deposition(iCVD)

Algal growth limitation in large-scale cultivation mostly results from
high-level synthesis of photosynthetic pigments, owing to self-shading
effects and attenuation of light distribution. To overcome this problem,
here we investigated the influence of nitrogen modulation on changes
in antenna pigments as well as biomass and lipid production by Chlorella
vulgaris under a chemostat continuous cultivation mode. The production
of algal antenna pigments, including chlorophylls and carotenoids, was
promoted in total nitrogen (TN) concentration-dependent manner.
Maximum algal biomass and lipid production were obtained from 70
mg/L of TN concentration along with a significant increase in light
transmittance and reduction in antenna pigments. Furthermore, the
composition of polyunsaturated fatty acids remarkably augmented at
low TN concentrations. These results suggest that the reduction in algal
antenna pigment synthesis via modulation of nitrogen concentration
may serve as an effective strategy to enhance algal biomass and lipid
production.
Keyword : Microalgae, chemostat, nitrogen
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Development of Mass Culture Process for Microalgae Productivity
and Productivity of Functional Materials Using Photobioreactor
*

Jin Young Choi, Tae O Choi
Chloland Co., Ltd. Hambakgeum-gil, Gabae-re, Geoge-si, Gyeongsangnam-do
53330, Republic of Korea

Recently, studies on bio-energy, bio-plastic, food, medicine, cosmetics
using microalgae have been actively conducted at home and abroad.
However, due to high production costs compared to other raw materials,
there was difficulty in entering related products and markets. To solve
this problem, we have developed various types of photobioreactors and
have applied them to mass culture of microalgae. As a result, we have
developed a photobioreactor that can increase the yield per unit area by
about 7-10 times compared to the conventional culture. In order to
maximize productivity of microalgae and productivity of functional
materials, researches on microalgae cultivation using inorganic salts
have been carried out. To date, the amount of chlorophyll and carotenoid
in existing microalgae has been increased by 20 ~ 30% It has succeeded
in increasing microalgae productivity by more than 20%. If the
technology and process are developed in the future, large-scale
cultivation of microalgae and pure mutant strains will be possible, and
it is expected to be utilized as cosmetics, foods, and functional feeds using
them.
Keyword : Microalgae, photobioreactor, functional materials
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An Economic Bio-Jet Fuel Production Process Using
Schizochytrium sp. ABC101

Recycling Cellulase in High-Solids Enzymatic Hydrolysis of
Hydrothermally-Pretreated Lignocellulose

Tae-Hyoung Kim1, Minkee Choi1*, Yong Keun Chang1,2*
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2
34141, Republic of Korea, Advanced Biomass R&D Center, Daejeon,
34141, Republic of Korea

Jae Kyun Kim, Jungwoo Yang, Kyoung Heon Kim*
Department of Biotechnology, Graduate School, Korea University, Seoul
02841, Republic of Korea

In this study, bio-jet fuel was synthesized using microalgal oil.
Schizochytrium microalgae is a member of Thraustochytrids, which can
rapidly accumulate high contents of lipid via heterotrophic cultivation.
Schizochytrium lipid contains docosahexaenoic acid (DHA, C22:6) and
docosapentaenoic acid (DPA, C22:5), and these fatty acids are
commercially valuable as health supplements. At the same time, these
polyunsaturated fatty acids accelerate catalytic deactivation by coking.
In this regard, these polyunsaturated fatty acids were separated from
Schizochytrium oil prior to the hydrotreating step and remaining
saturated fatty acids were further converted to biofuel. After separation
of polyunsaturated fatty acids by short-path distillation, deoxygenation
and cracking of bio-oil were carried out sequentially. Resultant iso-rich
paraffins satisfied international bio-jet fuel specification (ASTM-D7566).
As high cost of biofuel production process can be conpensated by high
profits from polyunsaturated fatty acids, this novel process can be
economically feasible.
Keyword : Bio-jet fuel, microalgae, polyunsaturated fatty acid
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Cellulase recycling is a promising method to reduce the cost of producing
sugars from lignocellulose. In this study, high-solids (20%) enzymatic
hydrolysis of hydrothermally-pretreated empty fruit bunches with 40
FPU of Cellic CTec3/g glucan was selected for cellulase recycling. In
the hydrolysis using recycled enzyme from first round enzymatic
hydrolysis, only 19.3% of glucose yield was obtained. The yield-limiting
factors in the hydrolysis were inhibition of enzymes by glucose, loss of
enzyme activity, non-specific binding of enzymes to lignin. To overcome
these limiting factors, three additional treatments were performed. First,
glucose was removed from the enzyme fraction. Second, PEG was added
prior to the first round hydrolysis to reduce non-specific binding of
enzymes to lignin. Last, biomass solids from the first round hydrolysis
was reused. As a result, 3.5 times higher glucose yield (i.e. 68.0%) than
that of control (19.3%) was achieved. These results shed the light to the
positive direction of improving the process involving cellulase
recycling.
Keyword : Cellulase recycling, high-solids loading, empty fruit bunches
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Due to the depletion of energy resources and the global warming caused
by the use of fossil fuels, microalgal biomass, which are sustainable and
environmentally friendly energy resources, are attracting attention as
alternative energy sources due to their useful traits; they accumulate high
contents of valuable lipids by consuming carbon dioxide as a sole carbon
source. In order to be competitive with fossil fuels in the fuels and
high-value-added lipid markets, production costs of microalgal biofuels
should be reduced first. In this respect, development of high-level lipid
biosynthesizing microalgae will contribute to the reduction of raw
material costs of microalgal biofuels. However, metabolic engineering
of microalgae are severely limited by the insufficient genetic engineering
techniques applicable to microalgae. Here, a study was attempted to
establish a novel gene expression system that can be used in microalgae
by utilizing transcriptional hot-spot. To do this, a transcriptional hot-spot
that affects a high-level of gene expression in microalgae was isolated
based on high-throughput screening technique using fluorescenceactivated cell sorter (FACS). Then, metabolic enzyme for lipid
production was introduced into the isolated transcriptional hot-spot via
genome editing tool and high-level gene expression and lipid
biosynthesis were successfully achieved. With this novel genetic
engineering strategy, it is expected that this study can be contributed to
perform efficient genetic engineering of microalgal strain and reduction
of biofuel cost.
Keyword : Transcriptional hot spot, genome editing tool, microalgae
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Microalgae have many advantages as promising alternative energy
sources due to their higher photosynthetic efficiency, rapid growth rate
and the ability to accumulate a high amount of lipids to crop-based
biomass. Despite of many advantages of microalgae as energy resources,
however, several barriers still need to be overcome[1]. Especially, low
biomass productivity has been a critical limitation for scale-up of
microalgae based fuel production technology. To supply stable biomass
for downstream processes, we performed heterotrophic cultivation with
Chlorella sp. HS2 that was isolated from wastewater. To develop the
process technology in microalgal cultivation, single-factor experiment
was applied to optimize the cultivation conditions. Our results revealed
that biomass productivity of Chlorella sp. HS2 grown under
heterotrophic condition is much higher than cells grown under
photoautotrophic condition. Now we are in the process of optimizing
various conditions in order to maximize biomass productivity under
heterotrophic condition. References [1] O. Perez-Garcia, F.M.E.
Escalante, L.E. de-Bashan, Y. Bashan, Heterotrophic cultures of
microalgae: Metabolism and potential products, Water Research 45(1)
(2011) 11-36.
Keyword : Chlorella sp. HS2, heterotrophic, high lipid density
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Zmo0994, a LEA-Like Protein from Zymomonas mobilis,
Increases Multi-Stress Tolerance in Escherichia coli
Jungwoo yang, Kyoung Heon Kim*
Department of Biotechnology, Graduate School, Korea University, Seoul,
02841, Republic of Korea

Pretreatment processes and subsequent enzymatic hydrolysis are
prerequisites to utilize lignocellulosic sugar for fermentation. However,
the resulting hydrolysate frequently hinders fermentation processes due
to the presence of inhibitors and toxic products (e.g. ethanol). Thus, it
is crucial to develop robust microorganism conferring multi-stress
tolerance. In this study, Zmo0994, identified as a novel LEA-like small
protein from the bacterium, Zymomonas mobilis, had the effect of
causing a significant enhancement of tolerance to abiotic stresses such
as ethanol, furfural, 5′-hydromethylfurfural (HMF), and high temperature,
when expressed in E. coli. According to a transcriptome analysis of E.
coli expressing Zmo0994 by using next generation sequencing
(RNA-seq), the cellular mechanism of this protein was revealed as due
to its ability to trigger gene clusters, involved in multi-stress tolerance,
such as ATP synthesis, cell wall biogenesis, and multi-drug efflux pumps.
In conclusion, these findings have significant implications to develop
robust microbes for efficient industrial fermentation processes.
Keyword : Abiotic stresses, fermentation inhibitors, multi-stress
tolerance
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Isobutanol Production from Hydrothermally-Pretreated Empty
Fruit Bunches
*

YoungSeo Jang, Kyoung Heon Kim
Department of Biotechnology, Graduate School, Korea University, Seoul,
02841, Republic of Korea

Although successful isobutanol production has been demonstrated using
glucose-based synthetic medium in various microbes, only few studies
have been reported for isobutanol production from lignocellulosic
biomass. In this study, feasibility of isobutanol production from empty
fruit bunches (EFBs) was evaluated. Firstly, the optimal conditions for
isobutanol production by engineered Escherichia coli JK209 were
investigated. Secondly, raw EFBs were hydrothermally pretreated at a
solid to liquid ratio of 1:11.5 at 190℃ for 15 min and the pretreated EFBs
were hydrolyzed using 10 FPU of Cellic CTec3/g glucan at 50℃ for 72
h. Finally, the resulting hydrolysates were fermented by strain JK209 at
25℃ for 84 h and isobutanol produced with the yield of 0.26 g/g glucose
at maximum. Thus, based on the present conversion process, 80.1 g of
isobutanol can be produced from 1 kg dry weight of raw EFBs.
Keyword : Empty fruit bunches, Isobutanol, separate hydrolysis and
fermentation

484

Formate-Removing Inoculum Dominated by Methanobacterium
congolense Supports Succinate Production from Crude Glycerol
Fermentation
JiWon Park2, Nam Yeun Kim1, Chung Min Lee2, Ok Bin Kim1,2*
1
Department of Life Science, Ewha Womans University, Seoul, 03760,
2
Republic of Korea, Interdisciplinary Program of EcoCreative, Graduate
School, Ewha Womans University, Seoul, 03760, Republic of Korea

We developed a formate-removing methanogenic inoculum (FRI) to
facilitate succinate production from crude glycerol by Escherichia coli.
FRI converted formate to methane, thereby enabling glycerol
fermentation without additional electron acceptors under neutral pH.
FRI was selectively enriched from sludge from the anaerobic digester
of the Seonam sewage treatment plant; this process was assessed via
Illumina sequencing and scanning electron microscopy imaging.
Methanobacterium congolense species occupied only 0.3% of the
archaea community in the sludge and was enriched to 99.5% in complete
FRI, wherein succinate-degrading bacteria were successfully eliminated.
Co-culture with FRI improved glycerol fermentation and yielded 7.3
mM succinate from 28.7 mM crude glycerol, whereby FRI completely
converted formate into methane. This study is the first to demonstrate
methane production by M. congolense species, using formate. M.
congolense-dominated FRI can serve as a renewable facilitator of
inexpensive waste feedstock fermentation and enable the production of
commercially important compounds.
Keyword : Formate-removing inoculum, Methanobacterium congolense,
Succinate production from crude glycerol fermentation
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High-Throughput Screening Method for Novel Functional DNA
Aptamer Discovery

Co-Generation of Hydrogen and Electricity from Biodiesel Process
Effluents

Seung Pil Pack, Ki Sung Park*
Department of Biotechnology and Bioinformatics, Korea University, 2511
Sejong-Ro, Sejong-si 30019, Republic of Korea

Sanath Kondaveeti, Kumar Anurag, Shahriar MD Miraz, Jung-Kul Lee*
Department of Chemical Engineering, Konkuk University, 120 Neungdong-ro,
Seoul 05029, Republic of Korea

Particle Display (PD) is a powerful approach to the rapid and efficient
selection of high-affinity aptamer via high-throughput screening
system. More specifically, PD employs an emulsion PCR(ePCR) to
generate large libraries of monoclonal aptamer particles(mAPs) that
many copies of a single aptamer sequence are amplified on the single
magnetic particle surface in a water-in-oil emulsion. These unique mAPs
are then incubated with fluorescently-labeled target molecules. Through
the fluorescence-activated cell sorting(FACS), the mAPs are not only
measured the relative binding affinities of each unique sequence
individually but also are sorted them out for next round library. In
compare with conventional SELEX process, PD within five rounds is
enough to the discovery of best aptamer for a specific target. Our group
has perfectly set up the PD technology, and also we have focused on novel
DNA aptamer discovery of the difficult target which has the structurally
low complexity to capture or previously selection failed targets.
Keyword : Aptamer screening, particle display, FACS

Abstract: In this study, we applied a short-term voltage (0.2–0.8 V) to
both crude glycerol (CG) and an anaerobic digestion (AD) effluent in
a single-chamber microbial fuel cell (MFC) for power production. This
improved the bioelectrogenesis of both CG (in MFC-1) and the AD
effluent (in MFC-2); higher power generation was attained than CG
alone. The use of domestic and synthetic wastewaters in the AD process,
generated 195 and 350 ml/L of hydrogen (H2), respectively. MFC-2
performed better than MFC-1, in terms of both voltage generation and
chemical oxygen demand (COD) reduction. The application of 0.8 V
2
resulted in a power density of 311 mW/m (1.94 times higher than that
of the control (160 mW/m2)). MFC-2 was characterized by a 70 % COD
removal at 0.8 V, which decreased to 56 % at 0.2 V. In conclusion, the
application of short-term voltage in MFC can stimulate both bioelectrogenesis
and COD removal
Keyword : Voltage supplementation, microbial fuel cells, cyclic voltammetry
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Simple Method of Single Nucleotide Labelling to Be Capable of
Downstream Application
Seung Pil Pack, Eui Kyoung Jang, Ryeo Gang Son, Ki Sung Park
Department of Biotechnology and Bioinformatics, Korea University, 2511
Sejong-Ro, Sejong-si 30019, Republic of Korea

Hierarchical Macroporous Particles for Eﬃcient Whole-Cell
Immobilization: Application in Bioconversion of Greenhouse
Gases to Methanol
Sanjay K. S. Patel, Aarti Bisht Hyun Soo Choi, Rahul K. Gupta, Jung-Kul
Lee*
Department of Chemical Engineering, Konkuk University, 120 Neungdong-ro,
Seoul 05029, Republic of Korea

Abstract: A viable approach for methanol production under ambient
physiological conditions is to use greenhouse gases, methane (CH4) and
carbon dioxide (CO2), as feed for immobilized methanotrophs. In the
present study, unique macroporous carbon particles with pore sizes in
the range of ∼1-6 μm were synthesized and used as support for the
immobilization of Methylocella tundrae. Immobilization was accomplished
covalently on hierarchical macroporous carbon particles. Maximal cell
loading of covalently immobilized M. tundrae was 205 mgDCM g−1 of
particles. Among these particles, the cells immobilized on 3.6 μm pore
size particles showed the highest reusability with the least leaching and
were chosen for further study. After immobilization, M. tundrae showed
up to 2.4-fold higher methanol production stability at various pH and
temperature values because of higher stability and metabolic activity
than free cells. After eight cycles of reuse, the immobilized cells retained
18.1-fold higher relative production stability compared to free cells. Free
and immobilized cells exhibited cumulative methanol production of 5.2
and 9.5 μmol mgDCM −1 under repeated batch conditions using simulated
biogas [CH4 and CO2, 4:1 (v/v)] as feed, respectively. The appropriate
pore size of macroporous particles favors the eﬃcient M. tundrae
immobilization to retain better biocatalytic properties. This is the ﬁrst
report concerning the covalent immobilization of methanotrophs on the
newly synthesized macroporous carbon particles and its subsequent
application in repeated methanol production using simulated biogas as a feed.
Keyword : Greenhouse gas, immobilization, macroporous particles

Poster Session

DNA modification enzymes (i.g. polymerase, ligase) give a great
opportunity to DNA materials in the field of sensor and catalyst
developments, which often required subsequent enzyme reaction such
as secondary DNA labelling, primer extension and ligation. There is a
robust post-DNA modification method that is operated in template-free
mode based on a specialized polymerase, Terminal deoxynucletidyl
Transferase (TdT). One limitation using this enzyme is that it’s difficult
to control the number of labelled NTs, which can present a problem in
the downstream applications. Herein, we uncovered an interesting
inhibitory effect on TdT when ribose-type substrates (rNTPs) were
employed in a borate buffer. Based on unique inhibitory effects of the
ribose–borate complex, we developed a novel enzymatic method for
single-NT labeling of a DNA oligomer with a modified rNTP (rMTPs)
by TdT. The “rNTP-borate with TdT” method is quite simple and
efficient for preparing a single-NT modified DNA oligomer, which is
useful for the design of functional DNA-based systems.
Keyword : Nucleotide, terminal deoxynucletidyl transferase, DNA
labelling
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Immobilization and Purification of EctP1-Tagged Recombinant
Enzymes from Cell Lysates Using Silica and Titania

The NT11, a Novel Fusion Tag for Enhancing Protein Expression
in Escherichia coli

Ryeogang Son, Jong-Ki Kim, Mohamed A. A. Abdelhamid, Ki-Ha Min,
Seung-Pil Pack*
Department of Biotechnology and Bioinformatics, Korea University, 2511
Sejong-Ro, Sejong-si 30019, Republic of Korea

Ryeogang Son, Thi Khoa My Nguyen, Mi-Ran Ki, Seung Pil Pack*
Department of Biotechnology and Bioinformatics, Korea University, 2511
Sejong-Ro, Sejong-si 30019, Republic of Korea

Solid supports are highly attractive materials for protein immobilization
in a wide range of biomedical and biotechnological applications.
However, without pre-surface modifications, the solid supports are not
generally fit for the immobilization. Herein, the affinity of cationic EctP1
peptide toward unmodified solid surfaces, silica and titania, was
investigated. A fusion of EctP1 with bovine carbonic anhydrase (BCA)
was employed to investigate the optimal binding conditions that the
nonspecific binding of E. coli proteins could be diminished. While the
stable binding of BCA-EctP1 on titania was observed over pH 2-9, that
of silica was in pH range 6-9. Then, we demonstrated the merits of the
noncovalently immobilization of EctP1 fusion proteins to silica and
titania in the recovery of the bound enzymes and reuse of the solid
materials. Interestingly, protein aggregation suppressor, monomeric
arginine, showed better recovery yield of EctP1 fusion proteins,
compared with the other salts (NaCl and MgCl2). Using BCA and
monomeric red fluorescent protein as model proteins, the EctP1 fusion
proteins were released in a biological active form with about 80%
recovery and 93% purity. Our approach paves a simple and reproducible
route for direct oriented immobilization of recombinant proteins from
E. coli lysates on solid supports, also with the potential of their recovery
with high purity.
Keyword : Enzyme Immobilization, fusion protein, carbonic anhydrase
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Nanosized and Tunable Design of Biosilica Particles Using Novel
Silica-Forming Peptide-Modified Chimeric Ferritin Templates
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Sejong-Ro 2511, Sejong-si 30019, Republic of Korea, Department of
Chemical Engineering, Chungnam National University, Daejeon 34134,
Republic of Korea

Biosilica materials can be generated by biomolecules under
physiological or mild/ambient conditions. In addition, the use of caged
templates has been a good strategy to obtain size/shape-controlled silica
NPs. Here, Kps, a silica forming peptide (KPSHHHHHTGAN) was
introduced to N-terminus of human ferritin heavy chain via protein
fusion method to generate new Kps-modified ferritin (Kps-Fn). Then,
novel chimeric Kps-Fn was designed for controllable generation of
biosilica nanoparticles (NPs). By changing the ratios of Kps-Fn and Fn
subunits in the chimeric Kps-Fn templates, desired size of biosilica NPs
(100~500 nm) can be achieved. The low surface density of Kps on the
chimeric template could lead to the synthesis of small-sized biosilica
NPs. The biosilica NPs developed here showed better DNA
adsorption/elution performance than the commercially available silica
NPs. This work is a new way to product desirable biosilica NPs, which
can be applied for the design of various biohybrid nanomaterials.
Keyword : Nanoparticle, bio-silica, ferritin
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The Escherichia coli (E. coli) expression system has been widely used
to produce recombinant proteins. However, in some heterologous
expressions, there are still difficulties in large-scale production. One of
the strategies for improving the expression levels of proteins is the use
of fusion partners. Previously, we have found that the tag improves
expression of the C-half domain of dCA when linked to its N-terminus.
Here, we demonstrated that the NT11-tag enhances protein expression
significantly. The NT11-tag was derived from the first 11 amino acid
residues within the N-terminal N-half domain of a duplicated carbonic
anhydrase (dCA) from Dunaliella species. To verify its use as a protein
production enhancer tag, two kinds of CAs derived from Hahella
chejuensis (Hc-CA) and Thermovibrio ammonifican (Ta-CA), and the
yellow fluorescent protein (YFP) were used as model proteins to measure
their increased expression upon fusion with the NT11-tag. The NT11-tag
amplified protein expression in E. coli by 6.9- and 7.6-fold for Ta-CA
and YFP, respectively. Moreover, the tag also enhanced the soluble
expression of Hc-CA, Ta-CA, and YFP by 1.7-, 5.0-, and 3.2-fold,
respectively. Furthermore, protein yield was increased without any
effect on protein function. These results indicate that the use of the
NT11-tag is a promising method for improving protein production in
E.coli.
Keyword : Protein expression, peptide, fusion partner

Enhancing Thermostability of Rational Designed Single Mutation
Bovine Carbonic Anhydrase II by Site-Specific Immobilization
*

Ryeogang Son, Eui Kyoung Jang, Seung Pil Pack
Department of Biotechnology and Bioinformatics, Korea University, 2511
Sejong-Ro, Sejong-si 30019, Republic of Korea

Carbonic anhydrase (CA) is an effective biocatalyst used for the
enzymatic CO2 capture process. For industrial applications, the
immobilized enzyme on a matrix support is a useful technique for
stabilizing the enzyme and improving its reusability. Although there
have been several trials for immobilization of CA, there is no rational
study for enhancing about site-specific immobilization is more effective
for stabilization of CA. In this study, we chose α-type carbonic anhydrase
of Bovine (bCAII), a widely-used model CA, to investigate the effect
of the immobilization position on the stability of bCAII. Six candidate
residues were selected via a protein domain analysis and substituted to
cysteine. Six bCAII contained cysteine were applied for the site-specific
immobilization on the maleimide functional magnetic beads to
investigate the effects of immobilization on the thermal and long-term
stability of the enzyme. Interestingly, the immobilized sites are located
close to the N-terminus of bCAII, showed 4.0- and 9.8-fold enhanced
thermostability, respectively, at 58 ℃. They also maintained 60.6 % and
55.5 % of activity, respectively, at 45 ℃ for 20 days, when the wild-type
bCAII completely lost its activity. These results indicated that the
site-specific immobilization of the flexible residues on the N-terminal
region could be an effective strategy for the stabilization of bCAII, which
would be useful guidelines for the immobilization of other CAs in a
site-specific manner.
Keyword : Carbonic anhydrase, rational design, enzyme immobilization
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Identification of Ectoine Biosynthesis Genes from Halomonas
smyrnensis Hs7-2 and Ectoine Production Using a Heterologous
Expressed Strain of the Genes
Minseo Cho
KRIBB,181, Ipsin-gil, Jeongeup-si, Jeollabuk-do 56212, Republic of Korea

Ectoine is one of the compatible solutes that maintaining their cellular
osmotic balance for resistance to external osmotic pressure. Also, it is
well known to protect proteins from thermal stress, proteolysis, freezing,
desiccation or attack of oxygen radicals. In this study, ectoine producing
bacteria was isolated from a saltpan in South Korea, and designated
Halomonas smyrnensis Hs7-2. Genes about ectoine biosynthesis from
strain Hs7-2 was identified as ectABC cluster that was comprised of
single transcriptional unit of ectA (579bp), ectB (1269bp) and ectC
(393bp). Its ectoine biosynthesis enzyme EctA (193aa), EctB (422aa)
and EctC (130aa) were showed homologies of 92, 90 and 98%,
respectively, as compared with H. elongata DSM2581. These enzymes
were heterologous expressed in E. coli and confirmed by SDS-PAGE.
Ectoine was produced by bioconversion using recombinant E. coli from
aspartate and its yield was improved through biotechnological process
optimization.
Keyword : Ectoine, Halomonas smyrnensis, bioconversion
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Electrospun Composite Scaffold for Bone Regeneration Using
Mineral and Silica Nanoparticles
Ki Baek Yeo, Sung Ho Kim, Mi Ran Ki, Seung Pil Pack*
Department of Biotechnology and Bioinformatics, Korea University, Sejong
30019, Republic of Korea

Hydroxyapatite (HA) has been widely used for restoring bone defects
and bone tissue engineering in osteopathy and dentistry. However, HA
has some disadvantages such as slow biodegradation, slow bioresorbility
and shrink. Calcium carbonate can be an alternative material because
it degrades and resorbs faster than HA but still provide calcium precursor.
Calcium precursor can be converted to bone materials along with
polyphosphate. Silica plays important role in bone formation. NF-kB and
inflammatory factors change the pre-osteoblast to macrophage, and then
macrophage differentiate into osteoclast. Silica inhibit the NF-kB
pathway and inflammatory effect and help to differentiation of
pre-osteoblast. We fabricate the surface modified scaffold with
inorganic minerals. Well disperse mineral help to cell growth and cell
differentiation. Biological properties were determined by growing
mouse bone cell line over the scaffolds. Cell adhesion and proliferation
were observed by MTS assay and DAPI staining. The surface modified
scaffold was made from natural polymer, calcium carbonate, and silica.
In this study, we could find for application in bone tissue engineering.
Keyword : Silica, calcium carbonate, cell adhesion
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Ki Baek Yeo, Thi Khoa My Nguyen, Mi Ran Ki, Seung Pil Pack*
Department of Biotechnology and Bioinformatics, Korea University, Sejong
30019, Republic of Korea

Recently advances in the nano-medicine have offered possibility to
targeted drug delivery system that means transfer medicine to specific
target cells. However, there are some challenges in targeting method for
therapeutic applications because of ineffective carrier systems. The use
of nanoparticles (NPs) to overcome this challenge is now well
established. Herein, a new hybrid material that contains silica-coated
ferritin cage was developed. By gene technologies, the heavy chain of
ferritin (FT) was genetically modified to insert the R5 silaffin peptide
(SP) sequence to N-terminus of ferritin, resulting in presenting SFP
moieties on the surface of ferritin (SP-FT). This caged protein is used
as a template in SP-mediated biosilicification reaction to fabricate
inorganic-organic hybrid particles (SiO2/SP-FT). Doxorubicin (Dox),
the model drug, was loaded into cage interior by re-assembly of SP-FT,
then was coated additionally with silica matrix by SP-mediated
silicification. The release of loaded doxorubicin was controlled and
retarded by the silica-coated matrix. As a result, SiO2/SP-FT, new
organic-inorganic hybrid particles hold promise for applications in
biological and medical fields.
Keyword : Ferritin, silaffin R5, organic-inorganic complex
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Biomimetic silica has gained more attention over the last decade due to
the promising mild synthesis conditions. In this study, inspired by
biosilicification, novel silica-forming peptides (SFPs), Salp1 and Volp1,
have been addressed to generate silica nanospheres, prepared at ambient
conditions. Both SFPs genetically fused with model fluorescent proteins
to enhance their self-immobilization via biomimetic silicification.
Interestingly, the silicification process becomes switchable enabling
self-encapsulation of the fusion proteins in two distinct silica matrices,
precipitated silica particles or wet silica gel. The controlled release of
Volp1/Salp1-tagged proteins from these silica matrices was significantly
more efficient than that of Silaffin R5-tagged proteins. Moreover, the
multiple proteins that homogenously encapsulated in the silica matrix
were dynamically released in a separated manner. These findings are
expected to provide a rational basis for utilizing new silica tags as
powerful tools for controlling silica precipitation as well as enhancing
entrapment and the sustained release of recombinant proteins.
Keyword : Silica-forming peptide, controlled release, protein immobilization
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Development of Novel Immunoassay Using a Recombinant scFv
Antibody Specific to Sweet Potato Leaf Curl Virus

Productivity Enhancement in the Cultivation of Microalgae in an
Open Raceway Pond by Generating Vertical Flow

Mi-Gi Lee1, Sang-Ho Cho2, Hyuck Jin Kwon1, Choi Chun Whan1, Suk
chan Lee2, Jong Suk Lee1*
1
Biocenter, Gyeonggido Business and Science Accelerator, Suwon,
Gyeonggi 16229, Republic of Korea, 2Department of Genetic Engineering,
Sungkyunkwan University, Suwon 16419, Republic of Korea

Yongju Park, Jiyoun Lee, Do Hyun Kim*
Department of Chemical and Biomolecular Engineering, KAIST, 291
Daehak-ro, Yuseong-gu, Daejeon 34141, Republic of Korea

Detection of harmful viruses in plant material, vectors or natural
reservoirs is essential to ensure safe and sustainable agriculture. The
techniques available have evolved significantly in the last few years to
achieve rapid and reliable detection of pathogens. A single chain variable
fragment (scFv) has a potential to be used for virus diagnosis with various
combinations of variable domains (VH and VL). Sweet potato leaf curl
virus (SPLCV) specific scFv selected by the combinations of scFv phage
display can be easily and cheaply produced in large quantities in E.coli
expression system. In this study, demonstrated that scFv is a suitable
alternate for diagnosis of plant virus on pilot scale production using E.
coli system. High level of scFv expression in E. coli system was obtained
by optimization in the various host strains. The applicability of the
diagnosis for SPLCV virus was verified by ELISA analysis.
Keyword : scFv, E.coli, SPLCV
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An Efficient Serial Genome Editing System Using CRISPR/Cas9
in Bacillus subtilis
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CRISPR/Cas9 has become a simple and powerful genome editing tool
for many organisms. However, multi-round genome editing should
replace single-guide RNA (sgRNA) every round, which is laborious and
time-consuming. Here, we have developed a multi-round genome
editing system in which genome editing and the programmed removal
of the sgRNA have sequentially occurred in a growth-dependent manner
in Bacillus subtilis. The system contains two plasmids, one containing
a cas9 gene and the other containing two sgRNAs and a donor DNA for
homology directed repair. The two sgRNAs are chromosome-targeting
(sgRNAct) and self-targeting (sgRNAst) under the control of a
constitutive promoter and sporulation-specific promoter, respectively.
In the growth phase, the sgRNAct is transcribed and complexed with the
Cas9 to edit the chromosomal target, while the sgRNAst is transcribed
in the stationary phase and complexed with the Cas9 to attack its own
plasmid. Therefore, the system automatically makes the cell ready for
next-round genome editing during cultivation. The system was approved
through the sequential deletion of eight extracellular protease genes in
the B. subtilis, suggesting that it can be used for versatile applications
in multi-round genome editing.
Keyword : Bacillus subtilis, CRISPR/Cas9, plasmid curing

488

To reduce CO2 emission, alternative energy based on bio-fuel has
attracted attentions. Among others, microalgae-extracted oil has been
studied because microalgae does not generate food problem. To have
price competitiveness over fossil fuel, research for mass production of
microalgae is needed. Open raceway pond (ORP) is most widely used
for mass production of microalgae. Light is essential factor for the
productivity of microalgae cultivation. Because of light attenuation,
light intensity is low at the bottom of conventional ORP. As a result, the
depth of pond and the productivity of microalgae cultivation per unit area
are limited. By generating vertical flow and improving mixing
performance, microalgae in the bottom of the pond are moved to the top
and can receive more light. So, productivity of microalgae cultivation
can increase. In our previous works, internal structures showed the ability
to generate vertical flow and enhance productivity of microalgae
cultivation. From these aspects, new shape rotor was installed in center
of the ORP. By performing numerical simulation (ANSYS 17.0), the
effect of new shape rotor to generate vertical flow is evaluated.
Keyword : Vertical flow, mixing performance

Development of Photobioreactor System for Simultaneous
Cultivation of Crops and Microalgae at Plant Factories
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Recently, plant factories are being developed for lower cost and safer
food production. However in the factory, the light used to grow crops
is easily exposed to the outside, and nutrients solution are also easily
contained in abandoned. Therefore, microalgae and crops can be
cultivated simultaneously if these light and nutrients are utilized.
Therefore, it has been confirmed that research on the simultaneous
cultivation of microalgae using such spatial and physical extra resources
has been performed and can grow effectively. In this study we focused
on the development of a system to cultivate these in large quantities. As
a result, it was confirmed that microalgae could be effectively produced
irrespective of the internal and external conduit positions, and there was
no difference in the growth of the plants. One unit plant plant module
was structurally able to utilize a culture volume of 100 L, and it was
confirmed that it was possible to produce 0.62 g / L biomass and 2%
astaxanthin. At same time, we could reduce microalgae production cost
by 40% through 100% reduction of media and light source cost.
Keyword : Plant factory, photobioreactor system, microalgae
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A Study on the Production System of Haematocuccus pluvialis
Y0519 Using Container for Astaxanthin Production
Yu Kyong Lee1, Jae Guan Kim1, Chang-Hee Hong2, Dae Geun Kim2*
1
Astabio co., Ltd., Jeollabuk-do 54596, Republic of Korea, 2Chonbuk
National University, Jeollabuk-do 54596, Republic of Korea

Green algae haematococcus pluvialis(H. pluvialis was recently
synonymized with H. lacsutris), the natural source of astaxanthin, has
great industrial value. It is a freshwater species of green algae and is well
known for its accumulation of the strong antioxidant astaxanthin, which
is used in aquaculture, various pharmaceuticals, and cosmetics. We have
mutated the domestic species and obtained excellent mutant H. pluvialis
Y0519 with high astaxanthin content. H. pluvialis requires a special
environment for the synthesis of astaxanthin, which requires a suitable
production system. We have developed a container type production
system that can control the production environment by combining ICT.
It controls various environmental conditions such as temperature, light,
pH. Typical tubular incubators produce laminar flow inside the tube, but
our equipment can convert laminar flow to turbulent flow, which can
deliver temperature and light evenly. So our equipment are able to
induction efficiently and it is possible to mass-produce 5% of astaxanthin
product. In addition, the container production system is not affected by
external environment, so it can be produced anywhere regardless of
location.
Keyword : Haematocuccus pluvialis, astaxanthin, container production
system
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Hyper Acetate Production in Simultaneous Gas and Cell Recycled
Reactor Operation Using Engineered Eubacterium limosum
KCTC13263BP
Mungyu Lee, Minsoek Cha1, Soyoung Oh, Nulee Jang, In Seop Chang*
School of Earth Sciences and Environmental Engineering, Gwangju
Institute of Science and Technology (GIST), Gwangju 61005, Republic of
Korea

The world facing unusual global warming with environmental issues.
Therefore, more eco- friendly energy production technologies are
required. The energy production process using microorganisms has the
advantage of less energy requirement than chemical process. Syngas
(Synthesis gas) is a fuel gas mixture that include hydrogen, carbon
monoxide and carbon dioxide. The biofuels and chemical can be
produced from Syngas by various microorganisms. E. limosum
KCTC13263BP strain is one of the microorganism that produce acetate
and butyrate by using CO as sole carbon and energy source through
Wood-Ljungdahl pathway. To produce acetate as the main product, the
producing butyrate is wasting carbon that can be uses for acetate
production in limited specific CO consumption rate by operating
condition. The mutant strain of E.limosum KCTC13263BP was
constructed by deletion of CoAT gene that can produce high acetate
production. During the reactor operation, both strains were cultivated
on carbonate-buffered basal medium (CBBM) with gaseous mixture
(CO/CO2:4/1) in Bubble column reactor (BCR) with 300ml of working
volume. The medium concentration was increase up to 8X medium
concentration and the gas was supplied by 10L gasbag by changing of
every 12 hr at a constant flow speed of 10 rpm to 150 rpm.
Keyword : Syngas fermentation, bioreactor, acetate
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Packed-Bed Reactor (PBR) Operation for Microbial Carbon
Monoxide Conversion (CO) to Ethanol and Determination of
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Development of TAPS-Overproducing Strains for the Ceramide
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Ceramide is a kind of sphingolipids which have an important function
to create and maintain the permeability barrier located in the outermost
layer of the epidermis. Among the several ceramides, ceramide III is used
mainly as a cosmetic ingredient to improve skin’s natural protective
ability by forming an effective barrier against moisture loss. For the
industrial production of ceramide III, fully acetylated phytosphingosine
(tetraacetylphytosphingosine; in short, TAPS) is required as an essential
precursor. A non-conventional yeast, Pichia ciferrii, is known to be the
only strain capable of producing large quantities of TAPS, making it an
attractive host for commercial production of TAPS. In this study, we
generate P. ciferrii random library by using ethyl methanesulfonate
(EMS) to isolate novel mutant strains exhibiting high yield of TAPS. For
the library screening, cells were stained with BODIPY followed by
fluorescence-activated cell sorting (FACS). As a result, several mutants
with high fluorescence intensities could be isolated, of which clone #40
showed about 10-fold increase in TAPS production. For the large-scale
production, fed-batch fermentations were carried out and various
-1
conditions were examined. Consequently, we achieved over 5 g L of
production yield of ceramide precursors (TAPS, TriAPS).
Keyword : TAPS, ceramide, Pichia ciferrii
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In this work, semi-continuous packed-bed reactor (PBR) system was
operated to convert carbon monoxide to C2 alcohol. Headspace gas was
circulated to increase volumetric gas-liquid mass transfer coefficient
(kLa). Carbon monoxide (CO) consumption and ethanol productivity
were proportionally enhanced only when the 1x medium replacement
and internal gas circulation rate increased together at a certain linear
trend. Reinforced composition (2x) was used to reduce medium dilution
during semi-continuous mode and to have higher gas circulation rate,
leading to increased ethanol titer (16.6 g/L) and productivity (0.13
g/L/hr). Ethanol titer and productivity were periodically monitored
during the reactor operation, confirming the long-term stability of the
PBR system. Finally, the costs of medium components and ethanol titer
were evaluated using kinetic simulation and process stoichiometry. The
analysis results indicated that the reactor operation is most economically
attractive when medium composition, replacement volume and gas
circulation rate are 4.9x, 0.25 and 0.5 vvm, respectively.
Keyword : Syngas fermentation, packed-bed reactor, bioethanol
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Rapid Screening of Molecular Chaperones by Sequential Cell-Free
Protein Synthesis Reactions

A Novel Two-Step Production of 3,6-Anhydro-L-Galactose from
Agarose by Using a Single Enzyme

Hye Jin Lim, Kyung-Ho Lee, Dong-Myung Kim*
Department of Chemical Engineering and Applied Chemistry, Chungnam
National University, Daejeon 34134, Republic of Korea

Dong Hyun Kim, Kyoung Heon Kim*
Department of Biotechnology, Graduate School, Korea University, Seoul
02841, Republic of Korea

Functional expression of recombinant protein is a constant issue in
diverse fields of biotechnology. In this study, taking advantage of the
configurational flexibility of cell-free protein synthesis, we developed
a method for rapid screening of optimal molecular chaperones that
facilitate functional expression of target proteins. After the synthesis of
a series of molecular chaperones, the reaction mixture for cell-free
protein synthesis was reprogrammed with the genes of target proteins.
The effect of a pre-synthesized molecular chaperone on protein folding
was determined by measuring the enzymatic activity of target proteins
synthesized in the second reactions. When tested for a number of
recombinant enzymes that otherwise form insoluble aggregates, this
method could successfully identify the molecular chaperones and their
combinations that substantially improved the soluble and functional
expression of those enzymes. We believe that the presented strategy will
provide a versatile platform for the optimal production of functional
proteins, and can also be extended to studies of other interacting proteins.
Keyword : Protein folding, molecular chaperone, cell-free protein
synthesis

3,6-Anhydro-L-galactose (L-AHG), which is a major sugar component
of agarose, has received much attention due to its physiological effects
such as skin whitening, anti-cariogenic and anti-inflammatory activities.
However, there has been no report on the scalable production of L-AHG
due to the complexity and high cost of the current processes which consist
of a multistep process requiring several enzymes. In this study, we
developed a novel two-step process to produce L-AHG with a high titer
and yield by using a single enzyme. First, agarose was hydrolyzed into
agarobiose with high loadings of 30.7% by phosphoric acid, which is
the highest agarose agar loading reported so far. The agarobiose titer and
yields were 224.3 ± 5.3 g/L and 70%, respectively under the conditions
of 110 ℃, 10 min reaction by using 2.0% (w/v) phosphoric acid. Then,
the agarobiose was further hydrolyzed into L-AHG and D-galactose by
Bgl1B enzyme, which was previously discovered from Saccharophagus
T
degradans 2-40 and showed agarobiose hydrolase activity. We suggest
that the concept of this simple and efficient process could make the
production of L-AHG for the commercialization and mass production
o
feasible.g/L and 70%, respectively under the conditions of 110 C, 10
min reaction by using 2.0% (w/v) phosphoric acid. Then, the agarobiose
was further hydrolyzed into L-AHG and D-galactose by Bgl1B enzyme,
which was previously discovered from Saccharophagus degradans
T
2-40 and showed agarobiose hydrolase activity. We suggest that the
concept of this simple and efficient process could make the production
of L-AHG for the commercialization and mass production feasible.
Keyword : 3,6-anhydro-L-galactose, agarobiose, agarose
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Metabolic Engineering of Corynebacterium glutamicum for
Production of Homo-Butyrate Using CRISPR Interference and the
Synthetic Butyrate Pathway
*

SeokWon Kang, HanMin Woo
Department of Food Science and Biotechnology, Sungkyunkwan University
(SKKU), 2066 Seobu-ro, Jangan-gu, Suwon 16419, Republic of Korea

Manipulating the expression levels of an essential gene plays a
significant role for metabolic engineering to improve desired products.
Here, we established two strategies to produce homo-butyrate in
Corynebacterium glutamicum. We introduce heterologous butyrate
biosynthesis pathway and repress acn essential gene encoding aconitase
hydratase using CRISPRi which induces targeted blocking of
transcription using RNA-protein complex to increase the acetyl-CoA
pool. By practicing these strategies on additional engineered C.
glutamicum which includes deletion of a few genes related to by-product
forming reactions named strain BOL-1, it results in butyrate production
of 0.52 ± 0.02 g/L. In addition, promoting biotin limitation in minimal
medium during culture lead to improvement of butyrate production up
to 0.58 ± 0.01 g/L. This research proves the possibility of engineered C.
glutamicum as a butyrate producing strain. Moreover, it can be the
background for developing new engineered strain under specific
purpose.
Keyword : Corynebacterium glutamicum, butyrate, CRISPRi
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Regulation of Lipid Accumulation Using Nitrogen Source for
Bio-Oil Production by Schizochytrium sp.
Baek-rock Oh, Jung-Hyun Ju, Dong-Jin Ko, Sun-Yeon Heo, Chul Ho Kim,
Jeong-Woo Seo
Microbial Biotechnology Research Center, Jeonbuk Branch Institute, Korea
Research Institute of Bioscience and Biotechnology (KRIBB), Jeollabuk-do
56212, Republic of Korea

We isolated a novel oleaginous Thraustochytrid microalgae for
microalgal bio-oil production and named this strain as Schizochytrium
sp. based on 18s rRNA sequencing. In batch fermentation of
Schizochytrium sp., depletion of nitrogen was led to lipid accumulation,
and lipid accumulation was led to increase of cell size and decrease of
cell wall thickness. Based on the batch fermentation results, three types
of fed-batch fermentations (carbon and no nitrogen feeding, carbon and
limited nitrogen feeding, carbon and sufficient nitrogen feeding) were
conducted to confirm the effect of regulate lipid accumulation using
nitrogen. The limited nitrogen feeding enabled the most efficient lipid
production, the maximum DCW, lipid and DHA yield were 64.7 g/L, 25.4
g/L and 11.0 g/L at 60 h, respectively. And when CSL was used as the
alternative sole nitrogen source, the maximum DCW, lipid and DHA
were 86.0 g/L, 37.2 g/L and 16.7 g/L at 84 h, respectively. In addition,
production cost of microalgal bio-oil using CSL was reduced by 50%
compared to that of yeast extract.
Keyword : Bio-oil, microalgae, regulation
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Enhanced Fatty Acid Production by Engineered Saccharomyces
cerevisiae by Using the CRISPR-Cas9 System
Do Hyoung Kim1, Yong-Su Jin2*, Kyoung Heon Kim1*
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The yeast Saccharomyces cerevisiae is an ideal host to produce fatty acids
(FAs) due to the well-elucidated metabolic pathway for FAs as well as
the yeast’s easy manipulation for metabolic engineering. FAs produced
by S. cerevisiae are not only industrially important products, but also
highly affect fermentation efficiency. Despite that S. cerevisiae is the
potent metabolic platform, traditional plasmid-based genetic manipulations
still impose concerns about safety and environmental impact. In this
study, we employed Cas9 nuclease to metabolically engineer S.
cerevisiae for increased production of FAs and UFAs. S. cerevisiae was
metabolically engineered for increased production of fatty acids by
increasing cytosolic acetyl-CoA production via disrupting the isocitrate
dehydrogenase gene of the TCA cycle and introducing the cytosolic
ATP-citrate lyase gene from Yarrowia lipolytica. This total fatty acid
production herein increased ~2 times compared to that by an engineered
S. cerevisiae in a previous report, and unsaturated fatty acid levels also
increased. Our results suggest that the Cas9 system for S. cerevisiae could
be applied to engineer the yeast for industrial production of bio-based
products.
Keyword : Fatty acid production, Saccharomyces cerevisiae, CRISPR-Cas9
system
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A Branch Point of M13 Phage Replication; pV
*

Bo Young Lee, Min-Kyu Oh
Department of Chemical & Biological Engineering Korea University, Seoul
02841, Republic of Korea

M13 phage is a filamentous phage that infects E.coli though F pilus.
When M13 phage enters in E.coli, it replicates itself using E.coli’s
enzymes such as DNA polymerase, RNA polymerase and ligase. This
is called rolling circle replication. In this special replication, p5(pV) acts
as a regulator. In stage 2, production of single strand DNA follows
Fibonacci increase. And in stage 3 it follows arithmetic increase on the
assumption that replication rate is constant. For the single strand
production, longer stage 2 is favorable. In this rolling circle replication,
p5 concentration is a branch point between stage 2 and stage 3. If
accumulation of p5 is fast, shift to stage 3 occurs fast. However,
accumulation of p5 is slow, shift to stage 3 occurs lately. It means that
we can get longer stage2. Accumulation of p5 can be controlled in
translational level. Bottleneck in translation is ribosome binding.
Ribosome binds to RBS(ribosome binding site) in mRNA. Ribosome
binding affinity is affected by RBS sequence, spacer sequence and
coding sequence. Spacer is a 5-6bp sequence between RBS and start
codon. RBS can be expected by program. If spacer sequence is changed,
ribosome binding affinity is changed and protein expression level is
changed.
Key word : M13 phage, plasmid replication, ssDNA
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Soluble expression of recombinant proteins in Escherichia coli is of great
importance in biotechnological applications. Generally the most
remarkable successes have been attained by the strategy of genetic fusion
of passengers to solubility enhancers. The maltose-binding protein
(MBP) is the most widely used fusion partner, relieving target protein
of the formation of inclusion body in vivo. The cleavage of fusion tag
is required to obtain the target protein, however, it may lead to the
aggregation of protein with low in vitro solubility. Even though the
passengers can be used without removal of tags in such a case, the inherent
properties of target protein are largely affected by the bulky fusion
partner such as MBP. In this study, we introduce a novel small solubility
enhancer 'NEXT tag', a 53 amino acids long peptide originated from the
N-terminal extension of Hydrogenovibrio marinus carbonic anhydrase.
When fused to several target proteins including GFPuv, Luciferase and
hEGF, the NEXT tag showed highest level of soluble expression among
MBP, Glutathione S-transferase (GST) and Fh8 tags. We also fused the
tags to carbonic anhydrase (taCA) from Thermovibrio ammonificans,
a protein exhibiting low in vitro solubility. The purified protein with MBP
or NEXT tag showed no visible protein precipitation while the others
including wild-type taCA resulted in large fraction of precipitation. More
importantly, the NEXT tag allowed the improvement of solubility with
minimal effects on the properties of taCA. This novel tag should have
general use as an excellent enhancer for solubility and expression of
protein.
Keyword : Solubility tag, expressive tag, carbonic anhydrase
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Stable 2,3-Butanediol Production with Higher Production Yield
and Productivity Using Engineered Enterobacter aerogenes
*

Duck Gyun Kim, Min-Kyu Oh
Department of Chemical & Biological Engineering Korea University, Seoul
02841, Republic of Korea

The pathway engineering of Enterobacter aerogenes was attempted to
improve its production capability of 2,3–butanediol using glucose and
xylose mixture as carbon source. The gene deletion of pflB and ldhA
improved 2,3-butanediol production yield, while the deletion of ptsG
increased xylose consumption rate significantly in the presence of
glucose. The constructed strain, EMY-22, achieved high production
yield with low aeration. However with higher aeration, production yield
became lower and productivity became higher, also shorter fermentative
time with 2-ketogluconate accumulation. To solve the problem, strain
was overexpressed glucose transporter gene (galP) and 2,3-butanediol
production operon (budABC). With gene overexpression, strain
achieved higher yield with higher aeration condition. Also pyruvate
synthesis pathway was overexpressed by pykF and malic enzyme gene
overexpression. With pykF and malic enzyme gene overexpression,
strain produced 2,3-butanediol with lower 2-ketoglconate accumulation
with stable pH condition, adding CaCO3.
Key word : Enterobacter aerogenes, metabolic engineering, 2,3-butanediol
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The NEXT Tag: a Small but Powerful Solubility Tag

Salt-Tolerant Enzyme for Bioinspired Carbon Capture and Utilization
Byung Hoon Jo1, Seul-Ki Im2, Gyuntaeck Lim3, Hyung Joon Cha2*
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Chemical Engineering, Pohang University of Science and Technology,
3
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Carbonic anhydrase (CA), an enzyme that rapidly catalyzes the
hydration of carbon dioxide (CO2),has been suggested as a potentially
powerful agent for CO2 capture. For successful application, CA should
withstand the harsh environment presented by CO2 capturing facilities.
There have been intensive efforts on finding and engineering thermostable
CAs, however, other required conditions such as the high salt
concentration of CO2 absorbent other than high temperature have been
often ignored. Herein, we expressed in Escherichia coli, purified, and
characterized a novel α-CA possessing an unusual N-terminal extension
from a halophilic marine bacterium Hydrogenovibrio marinus. We
found that the N-terminal extension strongly influenced the solubility
of enzyme. The recombinant CA showed catalytic efficiency comparable
to other bacterial CAs. The CA was less inhibited by anionic inhibitors
compared to mesophilic bovine CA, suggesting the halotolerance. More
importantly, the recombinant CA was markedly stabilized under most
of alkali metal salts tested while bovine CA was significantly
destabilized. The region of N-terminal extension was shown not to be
involved in the halotolerance. The remarkable halotolerance may be
attributed to the uneven distribution of electrostatic potential and the
localized negative charge on the surface of H. marinus CA. The stability
of H. marinus CA was strikingly distinct from that of bovine CA under
the practical absorbents such as K2CO3, suggesting that halo tolerance
should be considered as another key characteristic in the development
of biocatalyst for CO2 capture under high-salt containing CO2 absorbents
Keyword : Carbonic anhydrase, halotolerance, Hydrogenovibrio marinus
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Production of Value-Added Chemicals by Biological Valorization
of Lignin Monomers

Overcoming NADPH Product Inhibition Improves D-Sorbitol
Conversion to L-Sorbose
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Young Sin Kim, Tae-Su Kim, Chunfen Rai, Riya Roy, Jung-Kul Lee*
Department of Chemical Engineering, Konkuk University, 1 Hwayang-Dong,
Gwangjin-Gu, Seoul 05029, Republic of Korea

Lignin is the most abundant aromatic polymers in nature and can be used
as an important substrate for the production of value-added chemicals.
Due to the structural complexity of aromatic component, depolymerization
and valorization strategies have been developed for lignin valorization.
Some microorganisms can efficiently utilize lignin-derived aromatic
compounds and thus, microbial degradation pathways of lignin have
been widely studied to convert lignin into fuels and chemicals. In this
study, Escherichia coli has been metabolically engineered to produce
value-added aromatic chemicals from various model lignin monomers.
To efficiently produce target chemicals from model monomers,
microbial degradation pathways of lignin compounds were first directed
into a key intermediate metabolite, protocatechuic acid. Protocatechuic
acid was further converted into target chemicals by introducing
heterologous genes in the lignin-catabolizing pathways. The detailed
results of biological funneling of lignin monomers will be presented in
the poster.
Keyword : Lignin, valorization, biological funneling

G-6

Gluconobacter oxydans sorbitol dehydrogenase (GoSLDH) exhibits a
higher catalytic efficiency than other l-sorbose producing enzymes.
+
During the reaction catalysed by GoSLDH, NADP is reduced to
NADPH and d-sorbitol is oxidized to l-sorbose. However, GoSLDH
activity is inhibited by the NADPH (Ki = 100 μM) formed during the
enzymatic reaction. Therefore, Escherichia coligosldh-lrenox producing
both GoSLDH for d-sorbitol oxidation and LreNOX (NAD(P)H oxidase
from Lactobacillus reuteri) for NADP+ regeneration was generated and
used for l-sorbose production. Whole cell biocatalysts with the LreNOX
cofactor recycling system showed a high conversion rate (92%) of
d-sorbitol to l-sorbose in the presence of low concentration of NADP+
(0.5 mM). By alleviating NADPH accumulation during the catalytic
reactions, E. coligosldh-lrenox exhibited 23-fold higher conversion rate
of d-sorbitol than E. coligosldh. l-Sorbose production by E. coligosldhlrenox reached 4.1 g/L after 40 min, which was 20.5-fold higher than that
of E. coligosldh. We also constructed G. oxydansgosldh and G.
oxydansgosldh-lrenox strains, and they exhibited 1.2- and 2.9-fold
higher conversion rates than the wild-type G. oxydans KCTC 1091. The
results indicate that overcoming NADPH product inhibition using
LreNOX improves chemical production in NADP+-dependent enzymatic
reactions.
Keyword : E.coli, NADPH, D-sorbitol
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Metabolic Engineering of Corynebacterium glutamicum for the
Optimization of Biosynthetic Pathway of Glutaric Acid
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Jong-Hoon Kim, Mi-Sun Kwak, Moon-Hee Sung
The Department of Bio and Fermentation Convergence Technology, BK21
PLUS project, Kookmin University, Seoul 02707, Republic of Korea

Kimchi is a traditional Korean fermented food prepared with many
techniques and ingredients, including the pretreatment of cabbage or
radish, brining, blending with red pepper powder, salted seafood, green
onion, and garlic. It has been selected as one of the World's Healthiest
Foods. Among the various effects of kimchi, we focused on measuring
nattokinase activity. We aimed to find the reason for the nattokinase
activity in kimchi. Therefore, we isolated bacteria from kimchi and
identified halotolerant bacteria, Bacillus amyloliquefaciens KMUS1,
with high nattokinase activity. The novel nattokinase produced by this
strain was active at a relatively high salinity. Because it is useful for a
wide range of salty fermented foods, it was characterized after
purification. It can be produced in such a special environment and is
expected to have industrial applications as an active enzyme.
Key word: Kimchi, nattokinase, halostable enzyme
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Glutaric acid can be used as a building block chemical for the production
of plastics and plasticizers. Glutaric acid is currently synthesized by
chemical process but the use of toxic compound such as potassium
cyanide in chemical synthesis has raised the need of development of
environmentally benign process. A bio-based microbial fermentation
process is can be one of alternative process as green process for the
synthesis of glutaric acid. Glutaric acid can be biologically synthesized
from L-Lysine by using four enzymes i.e., 5-aminovalerate transaminase,
glutarate semialdehyde dehydrogenase, lysine 2-monooxygenase and
δ-aminovaleramidase (davTDBHisA) from Pseudomonas putida.
Heterologous expression of these enzymes in Corynebacterium
glutamicum, an industrial host of L-Lysine production can enable the
production of glutaric acid. To produce high concentrations of glutaric
acid in C. glutamicum, optimization of the glutaric acid pathway is
required. In this study, C. glutamicum was metabolically engineered for
the optimization of gene expression and cofactor balance in the glutaric
acid pathway. The detailed results will be presented in the poster.
Keyword : Corynebacterium glutamicum, glutaric acid, metabolic
engineering
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Physiological Characteristics of EAL0401 Domain Deficient Strains
of Zymomonas mobilis

A New Prokaryotic Expression Vector for the Expression of
Antimicrobial Peptide Abaecin Using SUMO Fusion Tag
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A flocculating strain of Zymomonas mobilis ZM401 has been recognized
as an industrially promising host for fuel and chemical production from
lignocellulosic biomass. However, currently cell flocculation mechanism
involved in this bacterium is poorly understood, although genome
analysis of several Z. mobilis strains indicated that five genes, ZMO0919
and ZMO1365 encoding diguanyl cyclases, ZMO1487 encoding
phosphodiesterase, and ZMO0401 and ZMO1055 encoding a bifunctional
enzyme diguanyl cyclase/phosphodiesterase, are putatively involved in
the regulation of c-di-GMP metabolism. Therefore, this study will
further elucidate the protein function of EAL domain (EAL0401)
conferring phosphodiesterase encoded by ZMO0401 using EAL0401
knockout strains by the test of degree of cell flocculation, particle size
distribution analysis and motility assay. Furthermore, their fermentation
kinetic analysis using the artificial hydrolysates of lignocellulosic
biomass will be discussed.
Keyword : Zymomonas mobilis, c-di-GMP, ZMO0401

G-10
A Multi-Metal Based Inorganic–Protein Hybrid System for
Enzyme Immobilization
*

Young Jun Lee, Sanjay K. S. Patel, Das Devashish, Jung-Kul Lee
Department of Chemical Engineering, Konkuk University, 1 Hwayang-Dong,
Gwangjin-Gu, Seoul 05029, Republic of Korea

Here, a novel multi-metal based inorganic-protein hybrid was developed
to immobilize laccase as a model enzyme using copper (Cu) and zinc
(Zn) metal ions in phosphate-buffered saline. The synthesized
multi-metallic Cu3/Zn3(PO4)2-laccase hybrid (Cu/Zn-Lac) showed a
significantly higher encapsulation yield (EY) of 96.5% compared to
68.9% with Cu3(PO4)2-laccase (Cu-Lac). The relative activity (RA) of
Cu/Zn-Lac was 1.4- and 2.56-fold higher than Cu-Lac and free enzyme,
respectively. The catalytic efficiency of Cu/Zn-Lac was 3.2-fold higher
than the free enzyme (71.0 s-1 µM1). The anodic peak current for the
oxidation of 2,2’-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid by
Cu/Zn-Lac was 2.6-fold higher than Cu/Lac (0.81 µA). Remarkably,
Cu/Zn-Lac displayed 2.9-fold lower charge transfer resistance
compared to Cu/Lac (156 Ω). Under repeated batch conditions, the
residual activity of multi-metal hybrids to degrade bisphenol A was
4.9-fold higher than Cu-Lac (17.2%) even after ten reuse cycles. The
multi-metallic system exhibited higher enzyme efficiency, electrochemical
substrate oxidation, and degradation potential for bisphenol A compared
to individual metal-based hybrid systems. This approach to synthesizing
multi-metallic based protein hybrids could be extended to enhance the
catalytic properties and reusability of enzymes.
Keyword : CO2 reduction, bioelectrode, electrocatalysis
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Despite the growing demand for antimicrobial peptides (AMPs) for
clinical use as an alternative approach against antibiotic-resistant
bacteria, the manufacture of AMPs relies on expensive, small-scale
chemical methods. The small ubiquitin-related modifier (SUMO) tag is
industrially practical for increasing the yield of recombinant proteins by
increasing solubility and preventing degradation in expression systems.
A new vector system, pKSEC1, was designed to produce AMPs, which
can work in prokaryotic systems such as Escherichia coli and plant
chloroplasts. 6xHis was tagged to SUMO for purification of
SUMO-fused AMPs. Abaecin, a 34-aa-long antimicrobial peptide from
honeybees, was expressed in a fusion form to 6xHis-SUMO in a new
vector system to evaluate the prokaryotic expression platform of the
antimicrobial peptides. The fusion sequences were codon-optimized in
three different combinations and expressed in E. coli. The combination
of the native SUMO sequence with codon-optimized abaecin showed
the highest expression level among the three combinations, and most of
the expressed fusion proteins were detected in soluble fractions.
Cleavage of the SUMO tag by sumoase produced a 29-aa-long abaecin
derivative with a C-terminal deletion. However, this abaecin derivative
still retained the binding sequence for its target protein, DnaK.
Antibacterial activity of the 29-aa long abaecin was tested against
Bacillus subtilis alone or in combination with cecropin B. The combined
treatment of the abaecin derivative and cecropin B showed bacteriolytic
activity 2 to 3 times greater than that of abaecin alone. Using a SUMO-tag
with an appropriate codon-optimization strategy could be an approach
for the production of antimicrobial peptides in E.coli without affecting
the viability of the host cell.
Keyword : Abaecin, antimicrobial peptide, small ubiquitin-related
modifier
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Halotolerant Bacillus amyloliquefaciens and B. polyfermenticus
Isolated from Jeotgal-Kimchi: Screening and Characterization of
Gamma-Glutamyl Transpeptidase
Dae-ho Kim, Sang-Joon Park, Mi-Sun Kwak, and Moon-Hee Sung
The Department of Bio and Fermentation Convergence Technology, BK21
PLUS project, Kookmin University, Seoul 02707, Republic of Korea

Halotolerant Bacillus polyfermenticus and B. amyloliquefaciens with
high gamma-glutamyl transpeptidase (GGT) activity were isolated from
“Jeotgal-Kimchi,” a traditional fermented food from Korea. GGT
catalyzes the cleavage of gamma-glutamyl compunds and transfer of
gamma-glutamyl moiety to water or to amino-acid/peptide acceptors.
To investigate the characteristics of GGT of B. polyfermenticus and B.
amyloliquefaciens, we have investigated the synthesis or degradation of
gamma-glutamyl peptide (G-peptide) in soybean milk using the culture
supernatant of B. amyloliquefaciens and B. polyfermenticus. A Liquid
Chromatogtaphy-/-Quadrupole-TOF MS System (LC-Q-TOF) and
Liquid chromatography-Tandem Mass-Spectrometry System (LC-Tandem-MS)
were used to measure the properties and contents of G-peptide by GGT.
This research was financially supported by the Ministry of Trade,
Industry, & Energy MOTIE, the Korea Institute for advancement of
Technology (KIAT), and the Establishment of Infrastructure for the
Industrialization of Korea Useful Microbes (R0004073)
Keywords: Halotolerant Bacillus spp., γ-Glutamyltranspeptidase
(GGT), Gamma-glutamyl peptide (G-peptide)
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Improvement of 4-Hydroxyvalerate Production in Pseudomonas
putida Using Adaptive Laboratory Evolution
Hyoseok Ha1, Daegeun Cha1, Doyun Kim1, Chandran Sathesh-Prabu2,
Sungkuk Lee1,2*
1
Department of Biomedical Engineering, Ulsan National Institute of Science
and Technology (UNIST), Ulsan 44919, Republic of Korea, 2Department
of Chemical Engineering, Ulsan National Institute of Science and
Technology (UNIST), Ulsan 44919, Republic of Korea

4-Hydroxyvalerate (4HV) is a precursor for synthesis of gammavalerolactone, which can be used as a potential future energy source and
variety of industrial raw materials. Recently, levulinic acid (LA)
catabolic pathway is discovered and 4HV-CoA was revealed to be one
of the intermediates in the pathway, that can readily converted to 4HV
by a single reaction. However, except the recent discovery on the LA
catabolic pathway, metabolic regulations and transporter genes involved
with it in P. putida are not well studied. Therefore, we have performed
adaptive laboratory evolution (ALE) to find new genes involved in LA
uptake and regulation in P. putida. For the ALE, we cultured wild type
P. putida in a minimal media with high concentrations of LA and 4HV.
After several months, we selected fast growing mutants which are
expected to show increased LA utilization, and analyzed their genome
to figure out mutations associated with LA uptake and metabolism. In
addition to this, we constructed a biosensor to detect the 4HV
concentration and a random transposon mutagenesis to find additional
genetic change that is negatively involved in 4HV production.
Keyword : 4-Hydroxyvalerate, levulinic acid, adaptive laboratory
evolution
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An Alkaline Esterase Est7S from a Marine Metagenomic Library
with Enriched Treatment
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Zool Hilmi Ibrahim , Sun Hee Lee , Jung-Hoon Bae , Bong Hyun
Sung1,2, Jung-Hoon Sohn1,2*
1
Synthetic Biology and Bioengineering Research Center, Korea Research
Institute of Bioscience and Biotechnology (KRIBB), 125 Gwahak-ro,
Yuseong-gu, Daejeon, 34141, Republic of Korea, 2Department of Biosystems
and Bioengineering, KRIBB School of Biotechnology, Korea University of
Science and Technology (UST), 217 Gajeong-ro, Yuseong-gu, Daejeon,
34113, Republic of Korea

To prepare post-petroleum era, sustainable production of bioenergy and
biochemicals from biomass, in so-called biorefinery, has attracted
considerable interest. In these fields, yeast has been a very important
microorganisms as a platform workhorse. A novel lipolytic yeast,
Candida aaseri SH14 utilizing various fatty acids and alkanes as a sole
carbon sources was isolated from compost of empty fruit bunches from
palm oil industry for conversion of vegetable oil to valuable biochemicals.
The strain was classified into CUG:Ser group of diploid Candida species
by draft genome sequencing. Since molecular tools and transformation
system are still unavailable for this strain, we developed a CRISPR-Cas9
system for metabolic engineering of C. aaseri SH14. The system is
consisted of Candida-compatible Cas9 gene, ARS, gRNA expression
cassette and antibiotics resistant selection marker in a single plasmid.
By implementing this system, C. butyri mutant with completely block
b-oxidation pathway was developed by disruption of three AOX genes
using a single gRNA and rapid curing of CRISPR-Cas9 plasmid were
also demonstrated.
Keyword : CRISPR-Cas9, Candida aaseri SH14, lipolytic Yeast
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A novel alkaline esterase gene (est7S) was isolated from a metagenomic
library with enrichment step for a marine sample. The encoded enzyme
Est7S was composed of 505 amino with no signal peptide, and its
molecular mass was 54,512 Da. The enzyme showed low (40%) identity
to a characterized esterase from a sludge metagenome, whereas showed
high (99%) identity to a sequence identified esterase of Alcanivorax
borkumensis SK2. Est7S belonged to family VII with GESAG motif and
catalytic triad residues. The enzyme was purified by two step
chromatographies of Sephacryl S-200 HR and HiTrap Q. Optimum pH
and temperature were 50 ºC and pH 10.0, respectively, and showed a high
specific activity (366.7 U/mg protein) with preference toward short
length esters, particularly p-nitrophenyl acetate, indicating it is an
esterase rather than a lipase. The enzyme showed little enantioselectivity
for R- and S-methyl-3-hydroxy-2-methylpropionate, and glyceryl
tributyrate were efficiently hydrolyzed. These results suggest Est7S is
an alkaline esterase and can give potentials in biotechnological
applications under alkaline conditions.
Keyword : Alkaline family VII esterase, enriched metagenomic library,
short length p-nitrophenyl esters

CRISPR-Cas9 Mediated Multiple Targeting Using Single Guide
RNA in a Novel Lipolytic Yeast Candida aaseri SH14
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Interaction between Fructose-1,6-Bisphosphate Aldolase and
Glyceraldehyde-3-Phosphate Dehydrogenase Decreases
Methylglyoxal Production

Interaction of Ammonium Metabolic Pathway of Rhodobacter
sphaeroides by Ethanol Results in the Enhancement of H2
Evolution under Photoheterotrophic Conditions

Min-Kyu Kwak1, MyungHee Ku2, Sa-Ouk Kang2*
1
Laboratory of Microbial Materials and Microbial Physiology, Department
of Food and Nutrition, College of Human Industry, Eulji University,
Seongnam 13135, Republic of Korea, 2Laboratory of Biophysics, School of
Biological Sciences, and Institute of Microbiology, Seoul National
University, Seoul 08826, Republic of Korea

Eun Kyoung Oh1, Eui-Jin Kim2*, Jeong Kug Lee 1*
1
Department of Life Science and Basic Science Institute for Cell Damage
Control, Sogang University, Mapo, Seoul 04107, Republic of Korea,
2
Microbial Research Department, Bacteria Research Team, NNIBR, Sangju,
Geosangbukdo 37242, Republic of Korea

The redirection of glycolytic flux into alternative methylglyoxal-shunts
via the glyoxalase system is responsible for metabolic increases.
However, there has been little investigation into reciprocal interactions
between glycolysis-regulating enzymes for the biosynthesis of
methylglyoxal. We previously demonstrated that a methylglyoxaldecreased glutathione reductase-overexpressing mutant, in
hypha-inducing mannitol media, upregulates fructose-1,6-bisphosphate
aldolase (FBA1), glyceraldehyde-3-phosphate dehydrogenase (TDH3),
and alcohol dehydrogenase (ADH1), and that glutathione- depleted and
methylglyoxal-accumulated methylglyoxal oxidoreductase disruptant,
in a non-hypha-inducing glucose medium, triggers FBA1 and ADH1. To
explain the clear similarity in glycolytic gene expressions, despite
differences between differentiation and proliferation, the effects of
FBA1 overexpression on methylglyoxal and glutathione- dependent
metabolites were re-evaluated via growth/morphogenesis in a carbon-s
ource-dependent manner. Unexpectedly, the FBA1-overexpressing
mutant, in hypha- inducing media, exhibited hyphal defects with similar
redox states to the glutathione reductase-overexpressing mutant when
decreasing methylglyoxal and increasing glutathione [19.2±5.8 and
40.7±1.6 nmol·(g cell wet weight)-1, P < 0.05] as compared to reference
strains in non-hyphae-inducing media [54.2±3.5 and 54.2±3.5 nmol·(g
-1
cell wet weight) ]. This behavior provides another clue to
physio-metabolic changes and possible protein-protein interactions
through Fba1 regulation. To confirm whether enzyme-enzyme
interactions between glycolytic enzymes govern methylglyoxal
production, the recombinants Fba1 and Tdh3 were activated with
fructose-1,6- bisphosphates and glyceraldehyde-3-phosphates for in
vitro methylglyoxal formation. Stoichiometric interactions between
glycolytic enzymes were exhibited by Fba1 as a bait protein using
ligand-fishing and western analysis. Via coimmunoprecipitation
coupled with mass spectrometry on the protein–protein interactions of
Fba1-Tdh3 and Fba1-Adh1, Fba1-Tdh3 mixtures significantly and
sharply reduced methylglyoxal in contrast to the reference equilibria of
deductive reactions of Fba1 with fructose-1,6-bisphosphate. This study
is the first of its kind, demonstrating methylglyoxal biosynthesis by Fba1
regulation, with proof-analysis of methylglyoxal decreases by Fba1–
Tdh3 complexes.
Keyword : Fructose-1,6-bisphosphate aldolase, glyceraldehyde-3-phosphate
dehydrogenase, methylglyoxal
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When ammonium ion is present in cell, it can be covalently attached to
the α carbon of 2-oxoglutarate (2-OG) to form glutamate by glutamate
dehydrogenase (GDH) using NADH or NADPH. Alternatively,
ammonium ion may be condensed with glutamate to form glutamine by
glutamine synthetase (GS) using ATP. Consecutively, amide group of
glutamine is transferred to the α carbon of 2-OG to yield two molecules
of glutamate by glutamate synthase (GOGAT) using NADPH. Previous
studies have illustrated the enhancement of H2 evolution of Rhodobacter
sphaeroides by the addition of ethanol at 5% (vol/vol) to the culture
medium, which does not affect cell growth. The ethanol effect on H2
evolution was observed only in the presence of ammonium ion.
Interestingly, GDH and GOGAT of R. sphaeroides are subject to
competitive inhibition by 0.5% ethanol to a different extent in each
enzyme. Consistently, the ethanol effect disappeared when both genes
encoding GDH and GOGAT are interrupted. The ethanol effect on H2
evolution will be shown and discussed with the differential inhibition
of metabolic paths of GDH and GS-GOGAT by ethanol.
Keyword : R. sphaeroides, ammonium ion, H2 evolution
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Hfq RNA Chaperone-Independent RNA Degradation by Bacterial
Endoribonuclease RNase E
*

Yu Mi Baek, Hyobeen Lee, Dong-Eun Kim
Department of Bioscience and Biotechnology, Konkuk University, Seoul
05029, Republic of Korea

RNase E, a component of the RNA degradosome complex, plays a key
role in RNA degradation and maturation in Escherichia coli. RNase
E-mediated target RNA degradation involves the RNA chaperone Hfq
and requires small guide RNA (sgRNA) as a seed pairing sequence
complementary to the target RNA. We investigated Hfq-independent
RNA decay by RNase E through exploring RNA substrate preferences.
RNase E preferentially cleaved A/U-rich sites of single-stranded RNA
regions of substrates that are annealed to sgRNAs containing
monophosphate at the 5′ end. The quaternary structure of RNase E is also
important for the complete cleavage of target RNAs containing
monophosphorylated 5′ ends at both proximal and distal sites. Mutant
enzymes with unstable quaternary structure have decreased catalytic
activity. Hfq-independent target RNA decay by RNase E in E. coli
requires 5′ monophosphate in the RNA, sgRNA beyond seed pairing,
and a stable RNase E quaternary structure.
Keyword : Endoribonuclease, small guide RNA, RNA-mediated RNA
cleavage
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Metabolic Engineering in E. coli for Resveratrol and Piceatannol
Production

Expression and Characterization of Recombinant
4-α-Glucanotransferase from Fervidobacterium islandicum AW-1

Anil Shrestha1, Yeo Joon Yoon1, Jae Kyung Sohng2,3*
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Korea, 33Department of BT-Convergent Pharmaceutical Engineering
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Resveratrol and piceatannol were biosynthesized by modular pathway
engineering in Escherichia coli comprising three modules with
overexpressing acetate and malonate assimilation pathway genes.
Module I includes polyketide biosynthetic genes; module II was
acetyl-CoA and malonyl-CoA pool-enhancing genes and module III
genes are regiospecific 3′-hydroxylating enzymes. E. coli BL21 (DE3)
with module I produced 8.6 mg/L of resveratrol by feeding 1 mM
p-coumaric acid. Combination of module I and acetyl-CoA supplementing
module IIa genes from N. farcinica produced 2.5-fold higher (60 mg/L)
titer of resveratrol than the module IIb genes from E. coli. The
supplementation of sodium acetate further enhanced upto 64 mg/L.
Furthermore, module I with module IIc harboring matBC from S.
coelicolor A3(2) produced 73 mg/L of resveratrol, which was elevated
to 151 mg/L upon supplementing disodium malonate. The combination
of module I and two different module II genes yielded 137 mg/L
resveratrol when supplemented with both sodium acetate and disodium
malonate. The high resveratrol-producing combination module was
modified with incorporation of hpaBC to produce piceatannol. The strain
harboring modules I, IIc and III produced 124 mg/L of piceatannol, the
highest titer after 72 h in disodium malonate-supplemented strain, which
is 2-fold higher than in non-supplemented strain. The remaining
resveratrol was about 30 mg/L. Furthermore, caffeic acid (85.5 mg/L)
was also produced in the same strain.
Keyword : Resveratrol, piceatannol, modular pathway engineering
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Fervidobacterium islandicum AW-1, a native-feather-degrading
hyperthermophilic anaerobe is able to use diverse carbohydrates as
carbon sources. In the genome of F. islandicum AW-1, there are over fifty
genes of carbohydrate active enzyme (CAZy, Carbohydrate-Active
enZYmes). CAZy database showed that there are 29 glycoside hydrolase
(GH) family enzymes and 21 glycosyltransferase (GT) family enzymes
and those enzymes can be useful for biotechnology. Interestingly, there
are three α-amylase genes in F. islandicum AW-1 genome and we selected
a gene (NA23_09645) annotated as α-amylase without signal peptide.
The gene was cloned and expressed in Escherichia coli BL21 using pET
system. The recombinant enzyme was purified by heat treatment and
Ni-NTA His affinity chromatography. The purified enzyme cannot
hydrolyze starch and amylose, however, it reacts with small
maltooligosaccharides such as maltotriose to form various
maltooligosaccharides. It showed the protein is not alpha-amylase but
4-α-glucanotransferase. The role of 4-α-glucanotransferase,
sugar-acceptor, and sugar-doner will be discussed.
Keyword : 4-alpha-glucanotransferase, Fervidobacterium islandicum
AW-1, maltooligosaccharides
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An artificial outgrowing Corynebacterium glutamicum strain was
established via an instructed adaptive laboratory evolution in the
previous study. Analysis of transcriptome of the evolved strain revealed
that there are remarkable changes in the expression of TCA cycle and
electron transfer chain(ETC) related genes. Among genes not directly
relevant to TCA cycle and ETC, the cg1884 operon(cg1881, cg1883,
cg1884) was noted in this study. The cg1881, cg1883, cg1884 are
predicted as a dyp-type heme peroxidase, a copper chaperon, and a
copper importer. The homologue protein of Cg1881 in Bacillus
subtilis(EfeB) is known to oxidize Fe(Ⅱ) to Fe(Ⅲ) and to perform cell
envelope stress protection from ROS. To verify the Cg1881 enhance the
tolerance against oxidative stress, the cg1884 operon was overexpressed
in parental strain. A strain overexpressing cg1884 operon showed higher
specific growth rate up to 20% than the parental strain harbouring empty
plasmid under oxidative stress conditions. Relevance between growth
and oxidative stress in the ETC will be discussed.
Keyword : Corynebacterium glutamicum, copper related operon, ETC
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Shikimic acid (SA) is a key intermediate for the biosynthesis of aromatic
amino acids (tryptophan, phenylalanine, and tyrosine). SA is commonly
utilized as a starting material for industrial synthesis of the antiviral drug
Oseltamivir (Tamiflu®), which fight against seasonal influenza. Much
of the current supply of SA is originated from the seeds of Chinese star
anise (Illucium verium), which heavily depends on the regional and
weather conditions. An alternative process to synthesize SA is the
fermentative production by genetically modified microorganism. There
is a biosynthetic pathway for SA in a variety of microorganisms including
Corynebacterium glutamicum. C. glutamicum is an important organism
in industrial biotechnology for microbial production of commercially
valuable amino acids in high yield. In this study, we manipulated the
metabolic pathway to accumulate SA in C. glutamicum. The shikimate
kinase and other potential metabolic activities involved in the
consumption of SA and its precursors were inactivated. In addition, we
overexpressed the gene encoding shikimate dehydrogenase to increase
the conversion of dehydroshikimate (DHS) to SA. The more details
willbe discussed.
Keyword : Corynebacterium glutamicum, shikimic acid, metabolic
engineering

An Identification of Factor Affecting Growth Rate Based on
Transcriptome Analysis in Corynebacterium glutamicum :
Focusing on Copper-Related Operon
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Metabolic Engineering of Saccharomyces cerevisiae for Enhanced
Production of Malate

Transcriptome Analysis of an Instructed Evolved Corynebacterium
glutamicum with Faster Growth Rate

Haeseong Park, Byung-Hyun Jang, Kyung un Kim, Yong-Cheol Park*
Department of Bio and Fermentation Convergence Technology and BK21
Plus Program, Kookmin University, Seoul 02707, Republic of Korea

Kyunghoon Park, Ji Hoon Park, Min Ju Lee, Pil Kim*
Department of Biotechnology, The Catholic University of Korea, Bucheon,
Gyeonggi-do 14662, Republic of Korea

A C4-dicarboxylic acid of malic acid is a valuable starting material for
biorefinery industry. Saccharomyces cerevisiae has been widely used for
organic acids production and elimination of ADH complex and glycerol
metabolism is required to save cytoplasmic pyruvate because of main
hurdle of excessive ethanol and glycerol accumulation for biochemical
production. In this study, we constructed and evaluated ADH1 deficient
strain (D-A1) and D-A1G12 strain (lacking ADH1, GPD1 and GDP2
genes) by means of micro-aerobic cultivation, intracellular metabolite
analysis and flux balance analysis. In micro-aerobic culture, the D-A1
strain showed decreased cell growth and ethanol productivity.
Elimination of glycerol pathway slightly recovered both cell growth and
ethanol production rate. Intracellular metabolite analysis revealed that
there were various metabolites related to the growth recovery.
Intracellular levels of metabolites involved in the NADH oxidation
machinery increased in the D-A1G12 strain. Moreover, the Da1g12 stain
showed higher polyol contents than the control strain, which elevated
biomass formation rate. In silico simulation of each strain confirmed that
the D-A1G12 stain showed increased biomass formation and pyruvate
was converted to other biochemicals. To verify our strategy, final
malate-producing genes (PYC2, MDH3ΔSKL and spMAE1) were
overexpressed in the D, D-A1 and D-A1G12 strains. In a series of
micro-aerobic batch and fed-batch cultures, the knockout step
effectively increased malate production from 2.71 g/L to 21.0 g/L.
Through these approaches, it was suggested that the metabolic
engineering approaches and high throughput analyses used in this study
can apply for other organic acids and biochemicals production.
Keyword : Saccharomyces cerevisiae, malate, glycerol metabolism

An instructed evolution of Corynebacterium glutamicum was carried out
for 1183 hours to produce an descendant strain JH41 that was 35-38%
faster than the parental strain. In order to understand the rapid growth
rate of JH41, transcriptome analysis of JH41 strain was performed. The
genes associated with the respiratory chain and TCA cycle were
up-regulated and the F-type ATP synthetase gene was down-regulated.
The increased growth rate was presumed to be related to a regulatory
factor gene that could affect whole cells. The RipA and the DtxR, which
encode the iron metabolic transcription factorS, were down-regulated.
Decreases in DtxR and RipA might have led to excessive iron intake,
which resulted in the faster cell division. The CspA (encoding cold-shock
protein) and NCgl2435 (expected to encode peptidyl-tRNA hydrolase,
pth) for transcription and translation process were up-regulated.
Artificial overexpression of CspA and NGcl2435(expected Pth) in
wild-type strain resulted in an increase in growth rate, especially at a
relatively low temperature of 15 ℃. When the Pth and the CspA were
overexpressed in Escherichia coli, they showed the increases of growth
rates at a low temperature conditions (24℃) similar to Corynebacterium
glutamicum. The reason for the increased growth rate was discussed due
to the increase of stability in the protein synthesis process and of
correction translation-error by cspA and pth, respectively.
Keyword : Corynebacterium glutamicum, Escherichia coli, growth rate
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Shikimate is a key intermediate for the synthesis of an anti-inﬂuenza drug
oseltamivir (Tamiﬂu®). The fruit of Chinese star anise has been known
as the main source for the shikimate supply at commercial level. As
demand for shikimate continues to increase globally due to inadequate
raw material supply, multistage, inefficient and costly plant extraction
processes, researches on the microbial-based shikimate production are
increasingly needed. Here, we have generated the engineered
Escherichia coli strain to produce a high titer of shikimate. The shikimate
metabolic pathway used to synthesize aromatic amino acids begins with
the condensation of two compounds, namely phosphoenolpyruvate
(PEP) and D-erythrose 4-phosphate (E4P) that are generated from
glycerol, glucose, or other carbohydrates. In order to increase shikimate
production, gene manipulation approach was performed to inactivate the
competing pathways, to modify the feedback inhibition enzymes of
aromatic amino acid, and to increase intracellular level of key precursors
PEP and E4P. The shikimate producing E. coli strain cultured in 5-L
fed-batch fermentation successfully produced significant amount of
shikimate and proved to be a valuable cell factory for shikimate
overproduction.
Keyword : Shikimate, metabolic engineering, E. coli
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Co-Culture of E. coli to Production of Resveratrol and C-MFA
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02841, Republic of Korea
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C-MFA(Metabolic Flux Analysis) is a technique for decoding fluxes
13
of central carbon metabolism using C source marked with C. Provide
13
the strain with a C source marked C and measure the label information
of the metabolite. It is then possible to track label information based on
models that transform C sources using specific enzymes in strains to
decipher flux. Resveratrol is a beneficial compound found in plants. It
has effects such as cancer, antioxidant, and life extension. RESV can be
made with AcCoA, from the EMP, and Tyr, from the PPP. However, that
roads have different properties, making it difficult to make them from
one strain. Thus, an attempt was made to produce RESV using co-culture.
In this study, two E. coli were designed to supply more precursors of
RESV based on previous studies. Then we will produce RESV with
13
co-culture. Finally, using C-MFA, the metabolic flux of co-culture will
be analyzed, and the method of increasing RESV will be discussed.
Keyword : 13C-MFA, co-culture, resveratrol
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Enzymatic Production of Emollient Esters and Pseudo-Ceramides
Using Candida antarctica Lipase B (CalB) Variants

Development of Candida sorbosivornas JM409 to Improve
Erythritol Production
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Heeyoung Park1, Suji Ye2, Deokyeol Jeong1, Minhee Jeong1, Seong-Ho
Byun1, Soo Rin Kim1,2*
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Emollient esters and pseudo-ceramides are value-added ingredients
used in the cosmetic industries. For the production of more natural and
human-friendly cosmetics, there is a need for an enzymatic production
method that can replace the existing chemical methods. In this study,
Candida antarctica lipase B (CalB) variants were verified for efficient
production of emollient esters and pseudo-ceramides. Six variants of
276
CalB1422 that contain various amino acid at Leu , a critical residue
affecting activity, enantiomeric selectivity and thermal stability were
constructed by saturation mutagenesis. Esterification of palmitic acid
to cetyl palmitate was achieved with highest conversion yields (89%)
278
variant at 50 ℃. Whereas, highest transusing CalB1422-L
esterification of tripalmitin to cetyl palmitate (97%) was achieved by
278
278
CalB1422-P variant. In addition, CalB1422-P variant successfully
produced pseudo-ceramides by sequential trans-amidation and
trans-esterification of oils with conversion yield up to 86.3% at 50 ℃.
278
The immobilized CalB1422-L variants showed steady performance
through 30 cycle’s reaction without significant decrease of its activity.
These results imply that CalB1422-L278 variants are customized for the
synthesis of emollient esters and pseudo-ceramides and it has great
potential for industrial application.
Keyword : Emollient ester, biocatalysis, pseudo-ceramide

Erythritol is sugar alcohol with almost no calories, but it has 75%
sweetness of sugar. Thus, it is considered as a representative sugar
alternatives in recent. In previous study, we isolated the Candida
sorbosivorans JM409 strain from domestic peach samples and identified
it can produce erythritol. To improve erythritol productivity, the strain
was developed through UV mutagenesis, and we screened 100 colonies
using triphenyltetrazolium. We analyzed relationship between erythritol
and ethanol production of these 100 mutants. As results, we selected 3
mutants having high ability of erythritol production among the 100
mutants. In this study, we indicated that erythritol production is inversely
proportional to ethanol production. Thus, in future study, adaptive
evolution in 2-deoxyglucose (an analogue of glucose) is necessary to
enhance erythrtiol production than ethanol production.
Keyword : Erythritol, UV-mutagenesis, yeast
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Azelaic acid, which was found to have a beneficial effect on a number
of hyperpigmentation disorders, has been used acne medication. In the
selection of cosmetics and medicines, consumers have escalated into the
degree of concern which was the psychological syndrome, chemophobia
(i.e., the fear of chemicals). Biocatalytic production of therapeutic and
cosmetics chemical can overcome this syndrome. Azelaic acid can be
produced from nonanoic acid by oxidation of the terminal methyl group,
what is called ω-oxidation. Chemical ω-oxidation of nonactivated
tertiary methyl groups remains difficult due to the unreactive nature of
these bonds. We can employ an alkane degradation pathway for
biocatalytic production of azelaic acid in Escherichia coli. This system
was observed oxidation in positions only terminal methyl carbons,
indicating that this system has high specificity activity. Nonanoic acid,
one of the medium-chain fatty acid, which can undergo two oxidation
steps to form azelaic acid. However, since nonanoic acid is toxicity, wild
type MG 1655 strain does not grow on nonanoic acid efficiently. In this
study, we constructed an evolved strain that can grow well on nonanoic
acid using the adaptive laboratory evolution method. We identified and
characterized mutations found in the evolved strain and applied the strain
for the production of azelaic acid by expressing the alkane degradation
pathway.
Keyword : Azelaic acid, adaptive laboratory evolution, ω-oxidation

Poster Session

Formate, the C1 substrate, is the simplest organic acid and reported as
one of the desirable bulk chemical regarding economic and
environmental benefits. However, lots of microorganism cannot use
formate because of its toxicity and relating enzymes. Some of
Methylorubrum species have known as formatotroph, a portmanteau of
formate and autotroph, however, those can utilize only small amount of
formate as a sole carbon source. In addition, it has known that there is
no enough information about related enzymes. In this study, we used
Discovery Studio with CHARMm, molecular dynamics engine, for
enzyme engineering. We hypothesized that the regulation of structure
in enzyme level can improve substrate uptake. First, we can build the
suitable homology model based on the known sequence and structure
from NCBI (National center for Biotechnology information) and PDB
(Protein Data Bank). Using constructed model, we are able to calculate
CDOCKER Energy for estimating stability of enzyme when the enzyme
binds to substrate. According to the serial results, we can find the
appropriate candidates of mutation sites for enzyme stability. Finally,
modified enzyme structure might be show improvement of formate
uptake. Based on the results, Discovery Studio has great potential as
finding mutation point for enzyme engineering to improving formate
uptake as a sole carbon source.
Keyword : Formate, molecular dynamics engine, Methylorubrum
species

High Production of Azelaic Acid from Nonanoic Acid in an
Adaptive Laboratory Evolved Escherichia coli Strain with Alkane
Degradation Pathway
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Minicells, the Great Potential as Chassis for Production of Toxic
Compounds and Membrane-Based Production

Functional Expression and Ultra-High-Throughput Screening
(uHTS) of Pathway/Enzyme

Seung-Jin Kim, Min-Kyu Oh*
Dept of chemical and biological engineering Korea university, Seoul 02841,
Republic of Korea

Binna Lee, Jae Jun Song, Jong Hyun Choi*
Applied Microbiology Research Center, KRIBB, Jeonbuk Brach Institute,
lpsin-gil 181, Jeollabuk-do 56212, Republic of Korea

Minicells are small sphere-shaped cells formed by aberrant cell division,
which are capable of other cellular processes as well as protein synthesis.
However, because bacterial minicells have no chromosomal DNA, there
are no bacterial growth and cell division. In this study, we genetically
engineered ftsZ and minCD genes related bacterial cytokinesis to
increase the formation of minicells in Escherichia coli. Through
increased minicell formation, the improved tolerance was exhibited in
the mutant strains, which brings about the enhanced production yield
about toxic compounds. Furthermore, the function of minicells was not
affected in accumulation of toxic compounds because chromosomal
DNA is absent in minicells. Based on these characteristics, minicell
mutants has great potential as chassis for production of toxic compounds
such as isobutanol, isobutylaldehyde, isobutyl acetate and lycopene with
high production yield.
Keyword : Minicell, cytokinesis, toxic compounds

Functional and structural proteins are key features of modern
biotechnology in all of its various facets-sometimes categorized in color
terms as Green (agriculture), White (industrial) and Red (medicine),
among others-well as synthetic biology. Many recombinant proteins/enzymes
have been successfully expressed in bacteria. However, in many cases,
target proteins/enzymes are not functionally expressed, and form
inactive inclusion bodies in bacteria. Therefore, it is difficult to optimize
the expression level for the production of biochemicals. In this study,
we developed a novel strategy for enhancing and controling functional
expression level of heterologous proteins. We designed expression
constructs containing randomly distributed substitutions of synonymous
codons in the 5' coding region of genes and screened variants
significantly increasing functional expression level through replacing
the first ten variable codons with synonymous codons. This strategy,
requiring small library in size without using complex bioinformatics
tools, is effective in enhancing and controling functional expression level
without changing primary structure of a target protein. We can also
generate very easily microbeads without microfluidic system and show
a rapid, simple, and efficient method for screening enzyme/ pathway
including hydrolase using an uHTS system by using fluorescenceactivated cell sorting (FACS) analysis. In this system, we could screen
7
10 clones per hour by single cell level. This study is the first to
demonstrate direct screening for novel enzymes using an ultra-HTS
(uHTS) system by in vitro compartmentalization (IVC) using microbeads
from metagenomic resources.
Keyword : Funtional expression, uHTS
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Tuning of Non-Mevalonate Pathway for Lycopene Production
from C1 Substrates in Methylorubrum extorquens AM1
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Strategy for Efficient Methionine Production with Two Carbon
Sources Based on Glycine Auxotrophic Escherichia coli
*

Jihee Yoon, Woojin Jang, Min-Kyu Oh
Department of Chemical and Biological Engineering, Korea University,
Seoul 02841, Republic of Korea

Hee-Geun Jo, Min-Kyu Oh
Department of Chemical & Biological Engineering, Korea University, Seoul
02841, Republic of Korea

Methylorubrum extorquens has an ability to use one-carbon compounds,
such as methanol, formate, as a sole carbon and energy source, so it has
been in the spotlight recently. Formate used as a substrate in this study
is environmentally sustainable C1 feedstock, which could be
synthesized from electrochemical reduction of carbon dioxide.
Lycopene is red carotenoid pigment and has potential effects for the
prevention of cardiovascular diseases and prostate cancer. M. extorquens
produces lycopene through MEP (methylerythritol phosphate) pathway,
called non-mevalonate pathway. In this study, we engineered native
non-mevalonate pathway for effective lycopene production. First, we
constructed LMZ01 strains by deletion of CrtCD, which is genes for
consuming lycopene. The lycopene titer of LMZ01 was increased 64%
and we used LMZ01 as a parental strain. Then, genes of MEP pathway
were overexpressed by engineering promoter strength. To confirm the
strength of lac, tac, and mxaF promoter, fluorescent protein EGFP was
expressed under their respective promoters. Expression strength of the
promoters was shown to be powerful in the order of mxaF, tac, and lac.
So, dxs, the first gene of MEP pathway and known as a rate-limiting step,
was overexpressed under the three promoters. Interestingly, while the
mxaF promoter with strong expression level was shown to be ineffective,
the tac promoter with moderate expression level showed 45% increase
in lycopene production. dxr and idi, other genes of MEP pathway, were
also overexpressed, but the effects were slight. This study showed
moderate overexpression of MEP pathway increased lycopene
production and lycopene production could be achieved reasonably by
using the formate as a substrate.
Keyword : Methylobacterium extorquens AM1, C1 compounds, lycopene

Methionine, which is one of essential amino acids, can be used for many
purposes including food additives, cosmetics, or pharmaceutical
reagent. In Escherichia coli, methionine pathway is well known and
methionine is synthesized from homocysteine and methyltetrahydrofolate.
Because homocysteine comes from TCA cycle and methyltetrahydrofolate
can be made from formate and tetrahydrofolate, we are trying to use
glucose and formate simultaneously to produce methionine effectively
in Escherichia coli. For this purpose, we performed deletion of ltaE, kbl,
aceA and serA genes to make glycine auxotrophic strain, and then
performed over-expression of ftfL, mtdA and fch genes that originate
from Methylobacterium extorquens AM1 and gcvTHP, lpd genes that
originate from Escherichia coli. Through this engineering, Escherichia
coli must use formate to synthesize glycine by using reductive glycine
pathway. And additional engineering to increase methionine production
will be performed.
Keyword : Methionine, formate, reductive glycine pathway
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Enhanced Degradation of Waste Activated Sludge Using
Engineered Bacteriophage Lysozymes
SeungGyun Woo1,2, Seong-Keun Kim1, Soo Jung Kim1, Seung Goo Lee1,2,
Dae-Hee Lee1,2*
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Biological treatment has been used for the sludge disposal because it is
cheaper and less spacious than the conventional treatment of sludge. In
the activated sludge process, microbes are prone to agglomerate and form
sludge flocs, which increases investment and operational costs.
Lysozyme hydrolyzes the β-(1,4)-glycosidic bonds between N-acetyl-Dglucosamine and N-acetylmuramic acid of peptidoglycan in the bacterial
cell wall. In this context, hydrolytic enzymes play an important role in
the sludge hydrolysis by disrupting microbial cells. Therefore,
biological treatment of activated sludge using the lysozyme would
attenuate the structural integrity of bacteria, which leads to the bacterial
lysis and sludge hydrolysis. Here, we present the hydrolysis of activated
sludge by bacteriophage lysozymes that is produced by engineered
Escherichia coli. To this end, we first cloned and expressed a lysozyme
gene of T4 bacteriophage (T4 lysozyme) in E. coli. Next, wild-type (WT)
T4 lysozyme was engineered to improve its lysis activity on cell wall.
To this end, we harnessed the genetic enzyme screening system (GESS)
to identify T4 lysozyme variants with improved activity. Finally, a T4
lysozyme mutant with higher activity was applied to biodegradation of
activated sludge.
Keyword : Sludge, lysozyme, GESS
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An Instructed Adaptive Evolution of Rapidly Growing
Corynebacterium glutamicum Strain and an Artificial Increase of
Growth Rate Based on Its Transcriptome and Genome Analysis
Min ju Lee, Jihoon Park, Su Rin Lee, Kyunghoon Park, Seungki Lee, Pil Kim*
Department of Biotechnology, The Catholic University of Korea, Bucheon,
Gyeonggi-do 14662, Republic of Korea

Corynebacterium glutamicum, a soil-derived actinobacterium, has been
widely used for the production of biochemical molecules. However, C.
glutamicum has a slower growth rate than Escherichia coli (tdE. coli =
0.5 h, tdC. glutamicum = 1.5 h). In an effort to obtain industrially relevant
cell factory with increased productivity i.e. improved growth rates, an
instructed adaptive evolution experiment was conducted on a C.
glutamicum (A home stock from the KCTC). This was performed by
gradually increasing the flow rate on glucose minimal media. This
resulted in a 42% increase in growth rate of the descendant JH41 strain
when compared to the ancestor. The expression level of genes NCgl0171
(encoding cold-shock protein) and NCgl2435 (expected to encode
peptidyl-tRNA hydrolase) was enhanced 3.9-fold and 3.6-fold,
respectively. These genes also showed a 44% and 18% increase in growth
rate, respectively, when expressed in the ancestor harboring pSL360
plasmid. With regard to energy metabolism of the JH41 strain, expression
of the respiratory chain was promoted, resulting in a 33% increase in
intracellular ATP levels. Whole genome sequencing analysis identified
a single point mutation located in the regulatory region of NCgl1959
(encoding siderophore binding protein). The expression level of
NCgl1959 was enhanced 5-fold and iron uptake increased by 8%
compared to the ancestor. Based on these finding, increased growth rate
of the JH41 strain will be discussed in terms of iron uptake changes and
energy metabolism.
Keyword : C. glutamicum, growth rate, adaptive evolution
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Long-chain polyunsaturated fatty acids (LC-PUFAs) serve as valuable
dietary supplements with many health benefits, especially arachidonic
acid (ARA) and eicosapentaenoic acid (EPA). A marine microalga
Nannochloropsis salina has drawn great attention as a promising
sustainable resource for LC-PUFAs since it can naturally synthesize EPA
and ARA through consecutive reaction steps mediated by fatty acid
elongase and desaturase enzymes. In this study, two endogenous C16
fatty acid elongases (ELOVL6_1 and ELOVL6_4) and a heterologous
C16 fatty acid elongase from a fungal species Mortierella alpina
(MaELOVL) were overexpressed independently to improve the
LC-PUFA production in N. salina. As a result, elongase overexpression
led to a slight increase in C18 fatty acids, and a decrease in C16 fatty
acids in transgenic N. salina cells regardless of the elongase gene
overexpressed. Furthermore, the engineered microalgae V1-18,
overexpressing ELOVL6_1, accumulated LC-PUFAs with the yields of
ARA and EPA up to 18 mg/L and 96 mg/L, respectively, which
correspond to 43% and 27% increases, compared to the wild-type. Our
study demonstrated a promising strategy to improve the ARA and EPA
content in N. salina, which will help produce LC-PUFAs in a sustainable
manner.
Keyword : Metabolic engineering, nannochloropsis salina, long-chain
polyunsaturated fatty acids

Poster Session

Recently, there has been an increasing interest in the production of
bio-based platform chemicals as environmental problems and limited
fossil resources issues have been highlighted. 3-Hydroxypropionic acid
(3-HP) is a valuable bio-based platform chemical for the production of
many other chemicals such as acrylic acid and malonic acid in the
industry. As a number of efforts have been made to produce 3-HP using
metabolically engineered microorganisms, the biosensors that sense the
3-HP levels inside cells will be used as a high-throughput screening tool.
In this study, a transcriptional factor, originated from a Pseudomonas
species, based 3-HP inducible biosensor that reports intracellular 3-HP
level was successfully constructed in Escherichia coli MG1655. This
study will be the starting point for the improvement of 3-HP biosensors.
Further engineering of a promoter and 5’-UTR elements of the
transcriptional factor encoding gene is under progress in order to enhance
promoter strength and inducibility. This work was supported by the
research program (NRF-2017R1A2B4003492) of National Research
foundation of Korea (NRF).
Keyword : 3-hydroxypropionic acid, biosensor, high throughput screening
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Characterization of Methanol Dehydrogenases from in silico
Analysis
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Bioconversion of higher carbon-chain chemicals from C1 chemical such
as methane and methanol has been of interest for many years because
of its potential to be a useful energy source. Methanol oxidation activity
that is catalyzed by methanol dehydrogenase (MDH) is a key step for
methanol utilization by Ribulose monophosphate (RuMP) cycle in
methylotrophic bacterial. However, only few NAD-dependent
methanol dehydrogenase (MDH) have been reported that convert
methanol to formaldehyde. In this study, four uncharacterized alcohol
dehydrogenase genes were screened by in silico meta-sequence analysis,
and expressed in Escherichia coli. Methanol was successfully converted
to formaldehyde in all four recombinant MDHs, while BCADH and
BTADH from different microorganisms exhibited significant oxidation
activity. The maximal alcohol oxidation activities of BCADH and
BTADH were observed at pH 10, 9.5 and 60, 65 ℃, respectively in the
presence of 10 mM Mg2+. And enzyme engineering of MDHs for
substrate specificity and activity are ongoing. These MDHs could be
useful as bridge biocatalyst in C1 gas bioconversion to valuable
chemicals.
Keyword : Methanol dehydrogenase, enzyme characterization, C1
bioconversion
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Most of the microbe have been evolved to maximize growth rate during
fast consumption of carbon sources from surroundings. However, fast
dividing microbe featured overproduction of acetate and decrease of
biomass in aerobic condition. There are several glucose uptake
transporters in E. coli such as glucose PTS and ABC transporters and
symporters as minor and non-specific pathway. These transporters or
subunit of them were serially removed. As the glucose transporters were
eliminated, the growth rate and glucose uptake rate diminished but
acetate overflow was relieved. Enhanced biomass yield was also
achieved. These physiological changes were originated from variation
13
of intracellular metabolism. Transcriptome analysis and C metabolic
flux analysis were carried out to examine the change between wild type
and mutant. Various transcriptional and metabolic shift were identified
in sugar transporter mutant including glycolysis, krebs cycle, sugar
transporters, quorum sensing, chemotaxis, flagella synthesis and stress
response. We tried to construct high-performing host strain by
introducing several metabolites (EGFP, γ-aminobutyrate, lycopene)
pathway to sugar transporter mutants. Eventually, the specific
production yields of above metabolites were highly ameliorated in sugar
transporter mutant.
Keyword : Sugar transporter mutant, transcriptome analysis, 13C
metabolic flux analysis
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Development of Yeast Fermenting Galacturonic Acid Derived
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The main challenge for the conversion of pectin-rich biomass to biofuels
is the utilization of galacturonic acid which is a major component of
pectin. Although a previous study reported that galacturonic acid is
metabolized to pyruvate and glycerol by the reaction of three essential
enzymes (D-galacturonic acid reductase, L-galactonate dehydratase,
and 2-keto-3-deoxy-L-galactonate aldolase), the development of
galacturonic acid fermenting-strain is still in its initial stage study. In this
study, we engineered a strain expressing galacturonic acid pathway, and
explored strategy to improve the utilization of galacturonic acid. First
of all, gaaA and gaaC genes derived from Aspergillus niger and LGD1
gene derived from Trichoderma ressei were introduced into the yeast
Sacchraromyces cerevisiae. Next, the resulting strain was cultured under
various conditions (pH, co-substrates) to improve galacturonic acid
consumption efficiency. As a result, the resulting strain consumed some
galacturonic acid as a sole carbon source under low pH condition (<3.5),
while it was completely consumed in the medium containing galactose
as co-substrate comparing the fermentable sugars (glucose, fructose, and
galactose). These results suggest that the co-factor imbalance caused by
metabolism of galacturonic acid was solved by providing other substrate.
Through this study, we can suggest that the possibility as a platform host
to utilize pectin-rich biomass.
Keyword : Lignocelluolsic biomass, metabolic engineering, Cas9
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Physiological Study and Systematical Analysis of Sugar
Transporter Mutant and Its Application to Metabolites Production
in Escherichia coli

Gene Dosage Effect of hemA in Corynebacterium glutamicum
Seungki Lee, Hyungmo Yang*
Department of Biotechnology, The Catholic University of Korea, Bucheon,
Gyeonggi-do 14662, Republic of Korea

Heme is a essential prosthetic group for many proteins such as
cytochrome, globin, peroxidase. ALA, precursor of heme, synthesized
by two different pathway. One is the C5 pathway and the other is the C4
pathway. One of the industrial GRAS host Corynebacterium glutamicum
was used in this study. C.glutamicum uses the C5 pathway which is
related to TCA cycle and heme works as feedback inhibitor in this
pathway.. So in this study, the production of heme-iron was induced by
expressing hemA,C4 pathway of Rhodobacter sphaeroides, to C
glutamicum in order to avoid feedback inhibition. Also hemA, the ALA
synthase gene, was expressed in 1 copy, 2 copy(integration), and
multicopy(plasmid) to confirm about gene dosage. As a result, ALA was
produced 0.43 mM (wild type), 0.70 mM (1 copy), 0.94 mM (2 copy)
and 1.73 mM (plasmid) per dry cell weight. With Heme-iron 3.65 μM
(wild type), 11.97 μM (1 copy), 14.25 μM (2 copy) and 29.47 μM
(plasmid) was produced per dry cell weight. However, growth has
decreased in plasmid expression but increased in 1,2 copy integration.
Based on these result, we observed the production of heme-iron by
expressing of hemA. Productivity of heme-iron is proportional to copy
number, but simultaneously give negative effect to a cell growth.
Keyword : Feedback inhibition, Corynebacterium glutamicum, heme
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Biosynthesis in Bacillus velezensis K26

Induction of Carotenoid Biosynthesis via Heterologous
Overexpression of Orange Protein in Microalgae

Hyunjin Lee1, Myung-Ji Seo1,2*, Jeonghye Chun1
1
Department of Bioengineering and Nano-Bioengineering, Graduate
School of Incheon National University, Incheon 22012, Republic of Korea,
2
Division of Bioengineering, Incheon National University, Incheon 22012,
Republic of Korea

Chan-yeoung Park1, Jun-Woo Lee1,2, Hyung-Gwan Lee1, Hee-Mock Oh1*
1
Cell Factory Research Center, Korea Research Institute of Bioscience and
2
Biotechnology (KRIBB), Daejeon 34141, Republic of Korea, Department
of Life Science and Research Institute for Natural Sciences, Hanyang
University, Seoul 04763, Republic of Korea

1-Deoxynojirimycin (1-DNJ) as one of polyhydroxylated alkaloid
secondary metabolites has an inhibitory effect on α-glucosidase. Among
microbial sources producing 1-DNJ, several Bacillus sp. have been
reported to biosynthesize 1-DNJ from glucose by gabT1, yktc1, and
gutB1, which is predicted to encode putative transaminase, phosphatase,
and oxidoreductase, respectively. Although the previously unknown
biosynthetic steps of 1-DNJ pathway have been discovered, we are still
faced with elucidating the downstream biosynthetic pathway including
in particular epimerization and reduction. In order to address the genetic
informational limitations, we sequenced the whole genome of B.
velezensis K26 which was previously isolated to be producer of 1-DNJ.
The genome of B. velezensis K26 consisted a 4,047,350 bp with G+C
content of 46.15%. Three essential biosynthetic genes (gabT1, yktc1, and
gutB1) for 1-DNJ were genetically mined and were biochemically
characterized with employing the recombinant proteins from
Escherichia coli. Finally, the current results could confer the basic
information to elucidate biosynthetic route to the 1-DNJ and to engineer
the pathway for industrial application. [This work was supported by the
National Research Foundation of Korea (NRF) grant funded by the
Korea government (MIST) (NRF-2019R1A2C1006038) and by Basic
Science Research Program through the National Research Foundation
of Korea (NRF) funded by the Ministry of Science, ICT & Future
Planning (NRF-2014R1A1A1002980)].
Keyword : 1-Deoxynojirimycin, Genome, Bacillus velezensis
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The commercial production of microalgal carotenoids is focused on the
possible replacement of plants because of high carotenoid productivity
and varied ingredients of secondary carotenoids. The DNAJ-like
chaperone, also known as ORANGE (OR) protein, have a pivotal role
in regulating carotenogenesis and stress tolerance response in plants
under extreme conditions. The OR gene mutation in cauliflower,
arabidopsis, melon, and sweet potato induced the accumulation of high
levels of lutein, β-carotene or zeaxanthin. Interestingly, a single amino
acid substitution, alanine to histidine, in wild-type OR gene greatly
increased its ability to promote carotenoid biosynthesis in plants. Here,
we generated mutants with endogenously overexpressed OR gene in
Chlamydomonas and Ettlia sp. to investigate the functional role in
microalgal carotenogenesis. Moreover, wild-type IbOR and IbORHIS
(R96H) were heterologously overexpressed in both microalgae to
increase the carotenoid levels. Through this study, we aim to identify
comprehensively the regulatory mechanisms of OR in microalgal
carotenoid accumulation andprotection against stress and to realize the
development of commercial microalgal mutants with enhanced
nutritional quality.
Keyword : Orange protein, heterologous overexpression, microalgae
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Recently, several studies have shown a close relationship between
membrane lipids and neutral lipids by chemical and physical treatments.
However, these treatments usually required further processing after
cultivation and could arouse harmful effects due to uncertain responses
to the treatment materials by the cell. Because genetic engineering that
regulated lipid synthesis gene could reduce the side effects of the
modification by altering only the targeting pathway, so we tried to genetic
engineering method for verifying lipid turnover between membrane
lipids and neutral lipids. The MGD1 knockdown mutants were generated
by artificial microRNA method in Chlamydomonas reinhardtii strain
CC-124. The mgd7-4, mgd7-9, and mgd7-10 mutants were almost 60%
downregulated in MGD1 gene expression levels, and amount of MGDG
was decreased by 50% in transgenic lines. However, the triacylglycerol
of mutants was increased by two-fold compared to wild-type. We
assumed that a significant reduction of MGDG contents was directly
affected by the accumulation of DAG and release of acyl-CoA lead to
the synthesis of TAG. Further, this hypothesis will be approved by using
quantitative and qualitative analyses of all lipids.
Keyword : MGDG, Chlamydomonas, lipid remodeling

Poster Session

Quorum sensing (QS) is a bacterial regulatory system that controls
production of virulence factors and formation of biofilm which
contributes to establishment of infections. Inhibition of N-acylhomoserine
lactone (AHL)-mediated quorum sensing (also known as quorum
quenching, QQ) has been proposed as an alternative biocontrol strategy
for prevention of bacterial diseases. Rhodococcus spp. are known to have
high QQ activity and previous reports suggested that members of this
genus produce multiple QQ enzymes. However, only one AHLlactonase gene (qsdA) has been discovered until now. In this study, a
second gene encoding a different type of AHL-lactonase (jydB) was
identified in the Rhodococcus sp. BH4, in addition to qsdA gene which
codes for a phosphotriesterase-like lactonase. Multiple sequence
alignment and phylogenetic analysis against known QQ enzymes
suggested that JydB belongs to the α/β hydrolase family. To confirm QQ
activity of the candidate gene was overexpressed in E.coli and purified
by using Ni-NTA column. High-performance liquid chromatography
analysis was carried out to verify that the catalytic mechanism involves
opening of the homoserine lactone ring by hydrolyzing the ester bond.
Two purified AHL-lactonases from Rhodococcus sp. BH4 (JydB and
QsdA) were also subjected to kinetic analysis to determine and compare
their hydrolytic efficiency for AHLs with different acyl side chain
lengths. Results showed that JydB had high degrading activity against
short chain AHLs. Furthermore, recombinant JydB showed ability to
reduce biofilm formation produced by Aeromonas sp.
Keyword : Qurum quenching, AHL-lactonase, Rhodococcus sp.
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Optimization of Biosynthetic Pathways of Escherichia coli through
Fine-Tuning Gene Expression Based on Artificial RNA Regulators
for Enhanced Production of Flavonoids
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Naringenin is one of high value-added compounds in that it is a key
precursor for diverse flavonoids and has pharmaceutical activities by
itself. Optimization of biosynthetic pathways in microbes for increased
production of flavonoids is necessary, but it is difficult to efficiently
optimize expression level of key genes involved in production. Here,
fine-tuning tools to control gene expression involved in naringenin
production at both transcription and translational levels were thoroughly
studied. First, we analyze regions involved in promoter strength for
controlling gene expression at a transcription level, and 5’-UTR for
regulating it at a translation level through a bioinformatics tool, UTR
Designer. As a further step, based on these strategies, mutant libraries
for fine-tuned gene expression were generated efficiently. In addition,
we developed a synthetic RNA regulator that specifically respond to
naringenin, and pathway optimization was finally conducted through
screening the mutant libraries based on the genetic devices with a
high-throughput screening capability. We demonstrate that the
systematic strategy based on the rational approaches and evolutionary
approaches using the biosensor can be an effective strategy for efficient
optimization of biosynthetic pathways of flavonoids and apply for
various issues involved in optimization of gene expression level.
Keyword : Pathway optimization, biosensors, flavonoids
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O-Methylated phenylpropanoids are plant secondary metabolites that
have valuable biological activities and pharmacological properties such
as anti-tumor, antioxidant and anticancer activities and have been
reported that they have improved or distinct biological activities as
opposed to their unmethylated counterparts. A methyltransferase from
Streptomyces avermitilis (SaOMT2), which has been known to have
7-O-methylation activity toward several flavonoids, exhibited more
diverse regiospecificity and catalyzed multiple methylation of stilbene,
flavanone, and flavone when it was expressed in Streptomyces
venezuelae. E. coli - Streptomyces co-culture system was developed for
the efficient production of multi-methylated phenylpropanoids. The
cocultivation of an E. coli containing pterostilbene, naringenin, and
apigenin, biosynthetic genes respectively along with Streptomyces
venezuelae mutant expressing SaOMT2 resulted in the high-yield
microbial production of tri-methylated stilbenes and di-/tri-methylated
flavonoids. This cocultivation system can be a powerful tool for
producing scarce and potentially valuable multi-methylated phenylpropanoids
and will enable further development of these compounds as pharmaceuticals
and nutraceuticals.
Keyword : O-Methylated phenylpropanoid, co-culture, heterologous
expression
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Characterization of Novel Salt-Tolerant Esterase Isolated from the
Marine Bacterium Alteromonas sp. 39-G1
*

Seok Jae Won, Hyung-Kwon Kim
Department of Biotechnology, The Catholic University of Korea,
Bucheon-si, Gyeonggi-do 14662, Republic of Korea

An esterase gene, estA1, was cloned from Alteromonas sp. 39-G1
isolated from the Antarctic Ross Sea. The gene is composed of 1,140
nucleotides and codes for a 41,190 Da protein containing 379 amino
acids. As a result of BLAST search, the protein sequence of EstA1 was
found to be exactly identical to Alteromonas sp. esterase (GenBank:
PHS53692). As far as we know, no research on this enzyme has yet been
conducted. Phylogenetic analysis showed that EstA1 was a member of
the bacterial lipolytic enzyme family IV (hormone sensitive lipases). The
3D structure model of EstA1 has cap domain and a catalytic triad of S221,
D317 and H347. EstA1 was produced in E. coli BL21 (DE3) cells with
a part of the N-terminal of the protein removed and His-tag attached to
the C-terminal. The enzyme exhibited the highest activity toward
p-nitrophenyl (pNP) acetate (C2) and had little or no activity towards
pNP-esters with acyl chains longer than C6. Its optimum temperature and
pH of the catalytic activity were 40℃ and pH 8, respectively. As the NaCl
concentration increased, enzyme activity continued to increase and the
highest enzyme activity (178% relative activity) was measured in 3 M
NaCl. This enzyme was found to be stable for up to 8 h in the concentration
of 0-4 M NaCl. Moreover, it has been found to be stable for various metal
ions, detergents and organic solvents. Especially it was very stable for
DMSO. These salt-tolerant and chemical-resistant properties suggests
that EstA1 is both academically and industrially useful enzyme.
Keyword : Alteromonas, family IV esterase, salt-tolerance
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High Yield O-Methylated Phenylpropanoids Production in
Engineered E. coli - Streptomyce Cocultivation System
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Halocins are more stable in hyper salt concentration and high
temperature than other antimicrobial peptides. Several types of halocins
have been studied, but few halocins were reported at molecular level.
For this reason, we isolated and identified 806 microorganisms from
volcanic saltern of Ethiopia, Shinan saltern, Gomso saltern, Korean
seawater and fermented seafood. From these isolates, we analyzed the
T
genome sequence of Halorubrum aethiopicum SAH-A6 and
Halobacillus mangrovi KTB131, which appears to have antimicrobial
activity. From analyzed genome information of A6 & KTB131, we found
two putative novel halocin (HY1377 of A6 and HB384 of KTB131)
coding genes. Analysis of the sequence revealed that the open reading
frame of the HY1377 and HB384 coding gene consists of 417 bp and
132 bp that encode a peptide of 139 and 44 amino acid residues,
respectively. They were cloned and expressed in E. coli. The recombinant
HY1377 and HB384 were thermostable at 80-100℃ and had
antimicrobial activity against Bacillus subtilis, Staphylococcus aureus,
Salmonella enteritidis, and Salmonella typhimurium. The recombinant
HY1377 and HB384 are expected to be a potential application for marine
feeds, seafood goods, novel antimicrobial peptides, and cosmeceuticals.
Keyword : Antimicrobial peptide, halophile, halocin
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Optimization of Culture Condition for Production of α-Santalene
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Lipase-Mediated Synthesis of Ricinoleic Acid Vanillyl Ester and
Evaluation of Antioxidant and Antibacterial Activity
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Sandalwood oil known for its woody sweet aroma oil has been widely
used in perfumes and cosmetics, and also as an agent for physical and
mental therapy. Traditionally, it is obtained from the heartwood and roots
of mature sandalwood trees (>25 years) via steam distillation. This
method suffers from low yield which leads to over-harvesting of trees
causing long-term deforestation. Alternatively, we developed a more
sustainable approach by utilizing metabolically engineered E. coli for
santalene production. Sandalwood oil in nature is made up of about 50%
α-santalene which is derived from isopentenyl diphosphate (IPP) and
dimethylallyl pyrophosphate (DMAPP). These precursors can be
generated via MEP pathway or MVA pathway. Farnesyl pyrophosphate
(FPP) synthase then catalyzes the assembly of IPP and DMAPP to form
linear FPP, which then undergoes rearrangement and cyclization by
santalene synthase to form santalene. The production pathway for
santalene synthesis has been previously constructed. In this study, Indole
synthesis pathway was removed, because indole has been known to
inhibit isoprenoids production and also gives out unpleasant odor. Thus,
we were able to produce santalene with enhanced yield. Optimization
of culture condition showed that santalene production is at its optimum
at 33℃. Strengthened phosphate buffer (12 g/L of Na2HPO4 and 6 g/L
of KH2PO4) was supplemented to maintain pH, successfully producing
600 mg/L of α-santalene. This work was supported by a grant (NRF2016R1A2B2010678) from the National Research Foundation, MSIP, Korea
Keyword : Metabolic engineering, isoprenoid, santalene
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Castor oil extracted from castor bean has antibacterial property and has
been used as a folk remedies. The major structural component of castor
oil, ricinoleic acid, has actual antibacterial activity. Some phenolic
compounds derived from plants have antioxidant property. Among them
vanillyl alcohol from vanilla bean has a strong antioxidant activity. As
vanillyl alcohol has a low solubility in hydrophobic solvents and castor
oil has a low solubility in hydrophilic solvents, there is a difficulty in using
them practically. We performed lipase-mediated transesterification
using vanillyl alcohol and castor oil and synthesized ricinoleic acid
vanillyl ester (RAVE). 2,2-Diphenyl-1-picrylhydrazyl assay and
2,2'-azino-bis (3-ethylbenzothiazoline-6-sulphonic acid) assay
revealed that RAVE had a strong antioxidant activity in various organic
solvents. RAVE also had antibacterial activity against some food
spoilage bacteria. It showed more powerful antibacterial activity for
gram positive bacteria than gram negative bacteria. Zeta potential
measurement, membrane release test, and fluorescent microscopy
showed that RAVE inserted the bacterial cell membrane, destroyed
membrane permeability, and induced cell death. As such, RAVE is a
novel bi-functional compound with antioxidant and antibacterial
activity, so it can be used as a functional material in the food and cosmetic
industries.
Keyword : Ricinoleic acid vanillyl ester, lipase, antioxidant,
antibacterial activity
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Microbial production of squalene, a triterpene compound used in various
industrial applications, has been emerged as a promising alternative to
its primary source, the shark liver. Among numerous microorganisms
naturally producing squalene, baker’s yeast Saccharomyces cerevisiae
is an amenable organism for high-level recombinant production of
squalene. Many metabolic engineering strategies have successfully
improved the production of squalene in yeast. However, the traditional
downstream process harvesting cells for extracting intracellularly
accumulated squalene remains energy- and cost-intensive, challenging
the commercial feasibility of large-scale microbial production. Here, we
demonstrate the use of transport proteins with recyclable organic
solvents to circumvent the need to harvest biomass for squalene
extraction. Since we lacked of any reported proteins for squalene
transporter, several candidates were found from native yeast transporters
using the BLAST sequence analysis tool. Two candidate transporters
were shown to mediate the secretion of squalene to the extracellular
organic solvent layer. Overexpression of these transporters in our
engineered strain for squalene overproduction was not detrimental to cell
growth. This study may facilitate a successful commercialization of
microbial production of squalene in yeast.
Keyword : Transporters, squalene, saccharomyces cerevisiae

Poster Session

The fucI gene encoding L-fucose isomerase (L-FI) from the
hyperthermophilic bacterium Fervidobacterium islandicum AW-1 was
cloned, sequenced, and expressed in E. coli. Analysis of the sequence
revealed that the open reading frame of the fucI gene consists of 1,449
bp that encodes a protein of 482 amino acid residues with a calculated
molecular mass of 55,061 Da. Comparison of the deduced amino acid
sequence of F. islandicum L-FI (FIFI) with other proteins demonstrated
that the L-FIFI has 88%, 31%, 28%, and 26% identities to
Fervidobacterium pennivorans hypothetical protein, Meiothermus
cerbereus FI, Dictyoglomus turgidum L-FI-like protein, and
Thermotoga neapolitana FI, respectively. The recombinant L-FIFI was
2+
purified to homogeneity by heat treatment, Ni -NTA chelate affinity
chromatography, thrombin treatment to remove His-tag from the fusion
protein, and gel filtration. The purified enzyme showed maximal activity
at pH 7.0-7.5 and 80-85℃ under the assay conditions used, and it required
2+
divalent cations such as Mn for its activity. The isomerization activity
of the L-FIFI with substrates was high for L-fucose, D-arabinose, and
L-galactose.
Keyword : Fervidobacterium islandicum AW-1, L-fucose isomerase,
L-galactose
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Heterologous Overexpression of Aerobic Carbon Monoxide
Dehydrogenase from Hydrogenophaga pseudoflava for Practical
CO-Utilizing Applications

Enzymatic Synthesis of α-Linked Glucosylated Flavonoids via
α-Glucosidase Mutant Using Glucose-1-Phosphate as a Sugar
Donor
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Jetendra Kumar Roy, Young-Wan Kim*
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Carbon monoxide dehydrogenase (CODH, EC.1.2.5.3), a key enzyme
in carbon monoxide(CO) metabolism in carboxidotrophic bacteria,
catalyzes the oxidation of CO to carbon dioxide (CO2), received much
attention in the recent years due to their potential applications in
constructing a CO-utilization system for producing value-added
chemicals and fuels, as well as a good candidate for enzy me-based CO
sensor. CODH maybe aerobic or anaerobic, with catalytic activities of
around 100 s-1 and 40,000 s-1, respectively. The latter one has been
intensively studied however the practical applications of anaerobic
CODH have been hampered by their extreme sensitivity to oxygen. In
contrast, aerobic CODH retain their catalytic activity in the presence of
oxygen. However,relatively low activity and no heterologous
expression for convenient production making the practical applications
of aerobic CODH to be impeded. In this study, we reported heterologous
overexpression of aerobic CODH obtained from Hydrogenophaga
pseudoflava in Escherichia coli for producing high concentration of
recombinant CODH for practical applications. The recombinant CODH
are characterized and evaluated through their biochemical kinetic
parameters. This study serves significant information for further study
expanding the versatility of aerobic CODH.
Keyword : Carbon monoxide dehydrogenase, CO-utilization, Hydrogenophaga
pseudoflava

Flavonoids are a class of plants phenolic compounds which have a wide
range of beneficial health effects, however, α-linked glycosylated
flavonoids are very rare which have better solubility, bioavailability and
easily hydrolyzed by our pancreatic digestive enzymes. Recently, an
acid/base mutant derived from an α-glucosidase showed an efficient
transglycosylation activity on various flavonoids. The enzymatic
transglucosylation, however, requests a chemically synthesized
substrate, α-glucosyl fluoride as a sugar donor. In this study, an attempt
was made to find an alternative sugar donor molecule. The screening of
different donor substrate showed that the mutant enzyme can produce
transglucosylation products using glucose-1-phosphate and genistein.
The optimum pH was found to be the same with the α-glucosyl fluoride,
however, the optimum temperature for the reaction using glucose-1phosphate was higher than the reaction using α-glucosyl fluoride.
Although the relative rate for transglucosylation using glucose-1phosphate was lower than that using α-glucosyl fluoride, the same
product was synthesized as only one transfer products with a quantitative
yield.
Keyword : α-Glucosidase, flavonoids, glucose-1-phosphate
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In a couple of biosynthetic pathways for istamycins, fortimicins, and
gentamicins, phosphorylation of aminoglycosides is considered to be a
unique and initial step for the producing of a natural defensive structural
feature such as a 3′,4′-dideoxy scaffold. The biosynthesis of istamycins
surely involve these 3′,4′-didehydroxylation steps, but most were
unclear, especially about the phosphotransferase-encoding gene. In the
disruption and complementation experiments pointing to a putative
gene, istP, in the genome of wild-type Streptomyces tenjimariensis, the
function of the istP gene was proved here to be a phosphotransferase.
Next, a known phosphotransferase-encoding gene forP, from the
genome of wild-type Micromonospora olivasterospora, was in-frame
deleted result in the appearance of a hitherto unidentified fortimicin shunt
product, namely 3-O-methyl-FOR-KK1, whereas complementation of
forP restored the natural fortimicin metabolite profiles. The bilateral
complementation of an istP gene (or forP) in the ΔforP mutant (or ΔistP
mutant strain) successfully restored the biosynthesis of 3′,4′-dideoxy
fortimicins and istamycins. These results clearly indicate that they are
interchangeable launchers of the biosynthesis of 3′,4′-dideoxy types of
1,4-diaminocyclitol antibiotics.
Keyword : Aminocyclitols, 3',4'-didehydroxylation, 3-O-methyl-FOR-KK1
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Development of Engineered Saccharomyces cerevisiae Expressing
Inulinase Genes for Producing Bioethanol from Inulin
Yeong-Eun Jang, Sae-Byuk Lee, Kyu-Taek Choi, Jong-Beom Park,
Ji-Yeon Ham, Heui-Dong Park*
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Recently, there is a growing interest in alternative energy that can replace
fossil fuel to overcome resource depletion and environmental pollution
problems. As one of the alternative energies, bioethanol can be obtained
from various crops containing starch by fermentation. It has the
advantages of high purity, fewer by-products, and no toxicity. Inulin
consists of fructose polymers which are linked by β-2,1 bonds and
terminated by a glucose residue and mostly exists in some plants such
as Jerusalem artichoke and chicory. Inulin is degraded into fructose
monomer by the inulin hydrolysis enzyme (inulinase), and microorganisms
can utilize it to produce ethanol. Although Saccharomyces cerevisiae,
one of the industrial microorganisms, has high ethanol tolerance and the
efficient alcohol producibility, this strain has been usually applied for
inulin fermentation with acid hydrolysis because it hardly secretes
inulinase. Since this approach is required for the high cost and long
processing time, the present study aimed to develop a recombinant strain
that can utilize inulin as a carbon source without acid hydrolysis. For this,
the inulinase genes from Kluyveromyces marxianus (exo-inulinase) and
Aspergillus niger (endo-inulinase) as well as signaling protein gene from
Saccharomyces cerevisiae S288C were integrated into Saccharomyces
cerevisiae using CRISPR-Cas9. Through this study, we assume that
engineered Saccharomyces cerevisiae can reduce the processing cost
and time compared to the acid hydrolysis method.
Keyword : Bioethanol, inulinase, Saccharomyces cerevisiae
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Butanediol Production in Eubacterium limosum KIST612 via
Metabolic Engineering

Microbial Production of Phytoene by Engineered Deinococcus
radiodurans R1
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The petroleum refineries are traditional processes for producing
chemicals and fuels. There are problems such as depletion of fossil fuels
and negative environmental impacts. As a result, the paradigm has been
shifted from petroleum refineries to bio-refineries. The bacteria such as
acetogen are utilized in biological conversion process. The Gram-positive,
obligately anaerobic, and acetogeic bacterium, Eubacterium limosum
KIST612 can produce mainly acetate, lactate and butyrate. The
2,3-butanediol (BDO) is a useful chemical with a variety of applications
for industrial needs that can be used as a precursor in manufactures for
various chemical products including methyl ethyl ketone, butadiene etc.
Although KIST612 is able to utilize syngas components effectively,
based on the genomic sequence analysis, there is a missing enzyme to
produce the BDO that is a 2,3-butanediol dehydrogenase (BDH). To
construct the complete metabolic pathway for BDO production, three
putative BDH-encoding genes from Clostridium spp. were heterologously
expressed in KIST612, respectively. Three mutant strains of KIST612
for BDO production have been successfully constructed, and four strains
including the wild-type were grown heterotrophically and autotrophically
on glucose and CO, and tested to compare the BDO production.
Keyword : 2,3-Butanediol, metabolic engineering, butnaediol dehydrogenase

Deinococcus radiodurans R1 strain was metabolically engineered for
the production of phytoene. First, the crtI gene encoding phytoene
desaturase was deleted to inhibit the conversion of phytoene to other
compounds and the base strain was constructed. This strain converted
10 g/L of fructose into 0.413 mg/L of phytoene. To improve the phytoene
production, the crtB gene encoding phytoene synthase and the dxs gene
encoding 1-deoxy-D-xylulose-5-phosphate synthase were overexpressed
and the crtD gene encoding carotenoid 3’,4’-desaturase was deleted. The
engineered strain showed 10.8-fold increased phytoene titer than that
of base strain from 10 g/L of fructose. Finally, phytoene titer, yield and
productivity of 10.3 mg/L, 1.04 mg/g DCW and 0.143 mg/L/h,
respectively were achieved from 10 g/L fructose through high-cell
density culture of final engineered strain. Furthermore, antioxidant
activity of phytoene produced by engineered D. radiodurans was
analyzed by in vitro DPPH radical-scavenging assay. High DPPH
scavenging activity (up to 90%) of produced phytoene implied it could
be used to industrial applications. This work was supported by the Korea
Technology and Information Promotion Agency for SMEs (TIPA) grant
funded by the Korea government (Ministry of SMEs and Startups) (No.
S2652404).
Keyword : Metabolic engineering, Deinococcus radiodurans R1,
Phytoene
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Efficient Genome Editing System for Syngas-Utilizing Acetogen,
Eubacterium limosum KIST612

Phytoene Production in Metabolically Engineered E. coli
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Phytoene, a tetraterpene (C40) compound, is a key carotene formed at
the first committed step in all other carotenoid syntheses. In contrast to
other carotenoids. Phytoene is colorless and absorbs UV-B light from
260 to 320 nm which can be used as a photoprotection material to prevent
urban skin aging. Phytoene is synthesized by using IPP (isopentenyl
diphosphate) and DMAPP (dimethylallyl diphosphate) as building
blocks. These precursor metabolites can be formed in E. coli via
endogenous MEP pathway and exogenous mevalonate pathway.
Subsequently, two foreign enzymes: GGPP synthase (CrtE) and
phytoene synthase (CrtB) can be overexpressed for phytoene production
in E. coli. In this study, we compared crtB genes from various strains
along with an optimized exogenous mevalonate pathway to supply
enough IPP and DMAPP. Initially, crtB genes were screened visually
based on the red color of lycopene, whose synthesis requires only one
enzymatic step from phytoene (phytoene desaturase, CrtI). In the second
screening, phytoene production was compared using the effective crtB
genes selected from the first screening, and the crtB derived from
Lamprocystis purpurea (formerly Pantoea agglomerans) showed the
highest production at 125 mg/L of phytoene for 72 hours. This work was
supported by a grant from the Next-Generation BioGreen 21 Program
(SSAC, grant#: PJ01326501), Rural Development Administration,
Republic of Korea.
Keyword : Metabolic engineering, carotenoid, phytoene
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Increasing interest in acetogen for the production of valuable products
(e.g., butanol, ethanol, and2,3-butanediol) requires the development of
new genetic tools for these atypical production organisms. Herein, we
develop CRISPR (clustered regularly interspaced short palindromic
repeats) system for the acetogen, Eubacterium limosum KIST612 that
can metabolize synthesis gas (syn-gas) components, H2, CO, and CO2
via Wood-Ljungdahl pathway, producing acetate and butyrate as
end-products. In this study, Cas9 and Cas9 nickase (Cas9n) were used
for the CRISPR system, and target genes (e.g., pyrF, ldh, cooS, and adh)
were selected to confirm the efficiency of the new genetic engineering
system. As a result, CRISPR-based genome editing was faster and more
efficient than a classical homologous recombination-based method.
This study not only makes an efficient way of metabolic engineering for
producing biochemical and biofuels but also provides valuable guidance
and essential references for genome editingin the use of E. limosum
KIST612 strain that has not been reported on genes editing toolbox.
Keyword : Eubacterium limosum KIST612, acetogen, CRISPR
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Being the most common expression host, E. coli system has been
extensively used for phage endolysin production. However, due to
intrinsic aspects, endolysin cannot always be efficiently expressed from
the conventional system. We hereby introduce yeast surface display
system for efficient and stable expression of endolysin. Endolysin
LysSA11 from S. aureus phage SA11 was cloned into S. cerevisiae
EBY100 via pYD5 shuttle vector. Recombinant yeast was cultivated in
synthetic media containing glucose and the product, LysSA11-Aga2p,
was expressed in galactose media. Induced yeast culture was harvested
regarding galactose consumption, FACS, and western blot data for
maximal expression and surface-display of LysSA11. Harvested yeast
cells were simply resuspended in reaction buffer to achieve 5-log CFU
reduction of the target, S. aureus ATCC 13301, within 2.5 h. Meanwhile,
free LysSA11 expressed from E. coli system could reduce 3.32-log CFU
in 4 h. When both types were stored at 4℃ for 14 days, free LysSA11
lost most of the activity by reducing 0.5-log CFU in 4 h while
surface-displayed one retained the activity. In this research, we
developed an expression system based on yeast surface display and
verified that it allows efficient, stable, and less complicated application
of endolysin.
Keyword : Endolysin, yeast surface display, antibacterial agent
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Chrysoeriol is a 3′-O-methoxy flavone, a derivative of luteolin. This
compound is of great scientific interest because of its promising
anti-microbial activities against various Gram-negative and Grampositive bacteria. Here, we produced chrysoeriol in a microbial host
using a sugar O-methyltransferase enzyme from a spinosyn biosynthesis
gene cluster of Saccharopolyspora spinosa. The biosynthesized chrysoeriol
was analysed using high-resolution mass spectrometry and various
nuclear magnetic resonance analyses. Chrysoeriol was tested against
different Gram-positive and Gram-negative pathogens strains for
anti-microbial effects. It was also compared with its aglycone (luteolin)
and diosmetin for anti-bacterial activity. Chrysoeriol showed
antimicrobial activity against nine pathogens in a disc diffusion assay
at the concentration of 40 µg per disc. It has minimum inhibitory
concentration (MIC) values of 1.25 µg/mL against a methicillinresistant Staphylococcus aureus 3640 (MRSA) for which the parent
luteolin has an MIC value of sixteen-fold higher concentration(i.e., 20
µg/mL). Similarly, chrysoeriol showed better anti-microbial activity
(~1.7-fold lower MIC value) than luteolin against Proteus hauseri, a
Gram-negative pathogen. In contrast, a luteolin 4′-O-methylated
derivative, diosmetin, did not exhibit any anti-microbial activities
against any tested pathogen. ACKNOWLEDGMENTS This work was
supported by a grant from the Next-Generation BioGreen 21 Program
(SSAC, grant#: PJ013137), Rural Development Administration,
Republic of Korea.
Keyword : Biotransformation, Chrysoeriol, Luteolin
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Agrobacterium is a tumor-inducing soil bacterium that infects plant cells
by making channels on the cell surface. By mimicking this natural
infection system, transformation strategies for plant and microalgae
were developed. However, many challenges are still remained, due to
the extremely high biodiversity of microalgae. Chlorella sp. HS2 is
versatile microalgae, which grow very fast under wide range of salinity,
pH, and nutritional conditions. However, genetic modification of this
strain is still difficult, due to the thick cell wall. In this study, we attempted
transformation of Chlorella sp. HS2 by using Agrobacterium
tumefaciens LBA4404. At first, Agrobacterium-mediated transformation
was carried out with model strain, Chlamydomonas reinhardtii CC503,
to validate the strategy. After then, to achieve the efficient transformation
of Chlorella sp. HS2, various conditions were examined. Through the
co-culture of Agrobacterium and Chlorella under phototrophic
condition followed by heterotrophic selection, gene transformation was
confirmed by PCR and phenotype change. After the 13 rounds of
subculture, it was found that the gene was still maintained. In addition,
for the reprogramming carotenoid synthesis pathway of Chlorella sp.
HS2, we used Agrobacterium method to perform the transformation. As
a result, we could observe the change of carotenoid composition after
transformation. This study may suggest a platform technology for
genetic engineering of various industrial microalgae.
Keyword : Agrobacterium, transformation, Chlorella
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Microbial Biosynthesis of Chrysoeriol and Their Biological Activity

Recombinant Lignin Peroxidase-Catalyzed Melanin
Decolorization with in-situ Generated H2O2 by Glucose Oxidase
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Science and Technology (UNIST), 50, UNIST-gil, Ulsan 44919, Republic of
Korea

Lignin peroxidase is capable of oxidizing substrates having high redox
potential. It is reported that lignin peroxidase from Phanerochaete
chrysosporium can decolorize the melanin. However, those lignin
peroxidases were applied as crude enzyme mixtures since it has intrinsic
difficulties of expression and purification. Therefore, the present study
focused on using heterologously expressed in E. coli and purified lignin
peroxidase isozyme H8 (LiPH8) for melanin decolorization. Optimum
pH for melanin decolorization was observed at pH 4.0. The intermittent
feeding of hydrogen peroxide (H2O2) was beneficial to retard the
inactivation of LiPH8 caused by excessive H2O2 and subsequently
resulted in the elevated melanin decolorization efficiency up to 73 %.
Since intermittent feeding of H2O2 is not advantageous for cosmetic
application, glucose oxidase (GOx) from Aspergillus niger was
employed for in-situ generation of H2O2. Melanin decolorization
efficiency up to 63% was obtained within 1 h with optimized GOx and
glucose concentration. Conclusively, the present study suggests that
lignin peroxidase-catalyzed melanin decolorization with in-situ
generated H2O2 is a promising approach for whitening cosmetic
application.
Keyword : Lignin peroxidase, melanin decolorization, glucose oxidase
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Remodeling of Lipid Droplets as Storage Compartments for
Valuable Hydrophobic Compounds in Saccharomyces cerevisiae

Concentrating Tobramycin Intermediate in Streptomyces
tenebrarius Using CRISPR/Cas9 System
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Lipid droplets (LDs) play a hub for lipid metabolism and energy
homeostasis. They are the intracellular organelles where cells store
neutral lipids and sequester toxic lipids, thereby preventing lipotoxicity.
Here we describe the expansion of LD exploitation to generate a yeast
cell factory capable of overproducing lipophilic compounds. We
engineered Saccharomyces cerevisiae to maximize the storage capacity
of LDs by modulating the size and numbers of LDs. Among LD
biogenesis-related genes, the total 11 genes were deleted or
over-expressed. We found that the engineered strain with deletion of Sei1
or Tgl4 involved in regulation of LD size exhibited an increase in LD
size by 1.6-fold and 1.5-fold, respectively. Modification of two newly
identified candidates in this study, Gene A for deletion and Gene B for
overexpression, was found to effectively increase LD size. In addition,
we analyzed squalene production, already known to accumulate in LDs,
to validate the function of LDs as a storage compartment. The squalene
production was significantly increased along with morphological
changes of LDs. Our result suggests a metabolic engineering strategy
for efficient utilization of LD as a storage organelle.
Keyword : Lipid droplet, Saccharomyces cerevisiae, metabolic engineering
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Aminoglycoside antibiotics have shown great spectrum biological
activities like immunosuppressants, insecticides, and anti-tumor agents,
which have been applied as medicine for the treatment of bacterial
infection human and animal. Among aminoglycoside producer,
Streptomyces tenebrarius was known as a strain that produces
tobramycin, kanamycin B and apramycin which are converting
commonly intermediate 2-deoxystreptamine (2-DOS) to produce a
variety of antibiotics. In addition, those products have a similar structure
that makes difficult for purification. For concentrating this intermediate
the genes converted 2-DOS to apramycin was selected for deletion.
CRISPR/Cas9 has been developed as a tool for genetic modification in
Streptomyces. In this study, we have applied this tool for deletion of the
apramycin biosynthesis. The mutated strain has been confirmed by DNA
electrophoresis and loss of apramycin production. ACKNOWLEDGEMENT
This work was supported by the National Research Foundation of Korea
(NRF) grant funded by the Korean government (MEST) (NRF2017R1A2A2A05000939).
Keyword : Aminoglycoside, CRISPR/Cas9, apramycin
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The Product of PKS-1 Gene Cluster in Streptomyces peucetius by
Gene Activation

Biosynthesis of Anthraquinones by Using Rhamnosyltransferase in
E. coli
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Rhamnose is a common glycogenic component of glycosides in many
plants and microbes, is naturally occurring deoxy sugar commonly
bound to other sugars in nature. A biotransformation approach was
applied constructing a recombinant E. coli strain expressing
rhamnosyltransferase to synthesize various deoxy sugar conjugated
anthraquinone deriavtives. Among all anthraquinones; Quinizarin,
1,4-dihydroxy-9,10-anthraquinone was efficiently bio-transformed
yielding high production. In addition, quinizarin exhibits inhibitory
effects in the aflatoxin B1 biotransformation to the corresponding
8,9-epoxides, which are responsible for the toxic and carcinogenic
effects of aflatoxins. The anticancer potential of anthraquinones
quinizarin on highly metastatic B16-F10 melanoma murine cells was
investigated. ACKNOWLEDGMENTS This work was supported by a
grant from the Next-Generation BioGreen 21 Program (SSAC, grant#:
PJ013137), Rural Development Administration, Republic of Korea.
Keyword : Anthraquinone, rhamnosyltransferase, quinizarin
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Streptomyces peucetius possess 68 biosynthetic gene clusters encoding
numerous classes of secondary metabolite, including non-ribosomal
peptide synthase, polyketide synthase (PKS I, II, and III), terpenes and
others. Some secondary products, doxorubicin (DOX), daunorubicin
(DNR), hopene, flaviodin, peucechelin, have been studied biosynthetic
pathway and chemotherapy. In contrast, some other products have not
been studied. Recently, we successfully expressed a new secondary
product by expressed regular gene (cgz69-08240) and changed culture
conditions. The product was identified as polyketide I by NMR and Mass
analysis. ACKNOWLEDGEMENT This work was supported by the
National Research Foundation of Korea (NRF) grant funded by the
Korean government (MEST) (NRF-2017R1A2A2A05000939).
Keyword : Streptomyces peucetius, secondary metabolite
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Production of Quercetin Rhamnoside from Sucrose by Recycling
NDPs Sugar

Optimization of Hexanoic Acid Production in Recombinant
Escherichia coli by Fine-Tuning of atoB Expression
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A cheap NDP-rhamnose producing system was developed by using
sucrose as a primary source. The system was coupled with the NDP
generating glycosylation reaction of NDP-rhamnose dependent
glycosyltransferase (GT) enzymes mediated reactions. As a result, the
NDP produced as a by-product of the GT-mediated reaction was
recycled. AtUGT89C1, a GT from Arabidopsis thaliana was used as GT
for transferring rhamnose from NDP-rhamnose to quercetin while
AtSUS1 from Arabidopsis thaliana was used to hydrolyze sucrose to
NDP-glucose and fructose which further coupled with NDP-rhamnose
synthase (AtRHM1) also from A.thaliana to convert NDP-glucose to
+
NDP-rhamnose in presence of cofactors NAD and NADH. The
established NDP-recycling system is highly feasible for large scale
production of quercetin rhamnoside and other natural products
rhamnoside using inexpensive starting materials. Rhamnosylation
derivatives of quercetin have shown many potentialities of medicinal and
biological activities. ACKNOWLEDGMENTS This work was
supported by a grant from the Next-Generation BioGreen 21 Program
(SSAC, grant#: PJ013137), Rural Development Administration,
Republic of Korea.
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In recombinant E. coli strains, hexanoic acid is generally synthesized
from artificial pathways using acetyl-CoA and butyryl-CoA as
precursors. Here, we demonstrate that rebalancing of metabolic fluxes
at acetyl-CoA can substantially improve the titer and productivity of
hexanoic acid. First, the expression of mhact coding ACT increased
hexanoic acid production by 47% compared to that with an E. coli
thioesterase, TesB. Next, metabolic flux was optimized at the
acetyl-CoA branch point by fine-tuning the expression level of the gene
for acetyl-CoA acetyltransferase (AtoB). Four different synthetic 5′
-untranslated regions (5′-UTRs) were designed for atoB using UTR
Designer to modulate the expression level of the gene. The
flux-optimized variant produced 528 mg/L hexanoic acid in 36 h, and
this titer represents an 8.7-fold increase compared to that of the
non-optimized parental strain. Notably, the productivity of the optimized
strain was 14.7 mg/L/h and this value was the highest among the
recombinant E. coli strains when using a similar inoculum size for
fermentation. Our results show that fine-tuning the expression level of
atoB is critical for production of hexanoic acid.
Keyword : Hexanoic acid, UTR engineering, recombinant E. coli
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We investigated the role of Arg 282 in YjiC by site-directed mutagenesis
using TDP-glucose as donor substrate. The conversion rate and kinetic
parameters were evaluated with several acceptor substrates such as
7-hydroxyflavone (7-HF), 4',7-dihydroxy isoflavone, 7,8-dihydroxyflavone
and curcumin. In case of UDP-glucose, the conversion rate of all
glucosylated products was similar (1~4% different) compared to YjiC
and R282W. In contrast there was enhanced conversion rate (4~39%)
with TDP-glucose. Molecular docking was performed to understand the
binding pattern of TDP-glucose and 7-HF with YjiC. In addition,
TDP-glucose forms pi-alkyl interaction between His-14 with methyl
group of thymine ring and a pi-pi interaction with thymine ring. The YjiC
(H14A) variant lost its glucosylation activity with TDP-glucose. These
evidences showed that His-14 plays important role to bind TDP-glucose.
ACKNOWLEDGEMENTS This work was supported by a grant from
the Next-Generation BioGreen 21 Program (SSAC, grant#: PJ013137),
Rural Development Administration, Republic of Korea. In addition, this
research was supported by the Basic Science Research Program through
the National Research Foundation of Korea (NRF) funded by the
Ministry of Education (2017R1A6A3A11035875)
Keyword : Glycosyltransferase, protein engineering, TDP-glucose
substrate specificity
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The goals of microbial metabolic engineering are to access the
conversion of the low-value substrates into higher-value products and
also to sustain the production of biochemicals and biofuels. Xylose is
the second most abundant sugar substrate in lignocellulose hydrolysates.
Corynebacterium glutamicum is xylose-negative strain that enable to
utilize xylose by heterologous expression of xylose isomerase and xylose
kinase (XI pathway). The enhancement of growth and xylose consumption
rates can be achieved by overexpression of phosphoketolase gene along
with the XI pathway. Furthermore, the Weimberg pathway (WMB) is
one of other xylose metabolic pathways, which able to directly convert
D-xylose to α-ketoglutarate without loss of carbon by expressing the
xylXABCD genes. The overall of xylose metabolism in this study was
demonstrated by using genome-scale modeling. Obviously, understanding
the diverse routes of xylose metabolism is necessary to develop the
ability of xylose utilization as sole carbon source and also to achieve the
production of value-added chemicals.
Keyword : Xylose, isomerase pathway, Corynebacteriumglutamicum
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Isolation of a Bacillus subtilis with Fibrinolytic Activity from Saeu
(Shrimp) Jeotgal, a Korean Fermented Food

Metabolic Engineering of Yarrowia lipolytica for the Production of
Odd Chain Fatty Acids
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Bacillus subtilis SJ4 was isolated from shrimp jeotgal, a traditional
Korean fermented seafood. The strain was identified by 16S rRNA and
recA genes sequencing. Salt tolerance of B. subtilis SJ4 was studied using
tryptic soy broth with NaCl (5, 8, 10, 12, 15 and 18%, w/v) and incubated
with shaking at 37℃ for 96 h. B. subtilis SJ4 grew well in the presence
of 5-10% NaCl but did not grow at 12% and above. B. subtilis SJ4 secretes
proteases with fibrinolytic activities. Fibrinolytic activity of B. subtilis
SJ4 was examined by growing in four different media (TSB, NB, LB,
and BHI) for 96 h at 37℃ with shaking. TSB was the best in terms of
supporting cell growth and fibrinolytic activity, and B. subtilis SJ4
showed the highest fibrinolytic activity (315.222 U/ml) at 48 h. Detailed
properties of its fibrinolytic activity are currently under investigation and
will be presented at the meeting.
Keyword : Bacillus subtilis, fibrinolytic activity, salt tolerance
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Odd chain fatty acids (odd FAs) have a wide range of applications in
therapeutic and nutritional industries, as well as in chemical industries
including biofuels. However, microbial production of odd lipids are
limited, so far. In this study, we investigated the production of odd FAs
from propionate in Y. lipolytica. In order to inhibit the consumption of
propionyl-CoA, PHD1 in methylcitrate pathway was disrupted, which
improved odd lipids production reaching a ratio of 46.82% to total lipids.
When this modification was transferred to an obese strain, engineered
for improving lipid accumulation, the increase of odd FAs production
reaching to 0.57 g/L was shown. To further improve lipid accumulation
and odd chain fatty acid production, three approaches have been initiated.
On one hand, we overexpressed LDP1 (Yali0F24167g) involved in the
storage of high amounts of triacylglycerol (TAG) into intracellular lipid
droplets (LD) to improve lipid accumulation of FAs. LDP1
overexpression increased total lipid production from 27.03% to 45.39%,
as well as odd FAs compared to control strain. On a second hand, for
increasing propionyl-CoA pool, several enzymes involved in propionate
activation (PCT, PrpE, and ACS) were overexpressed. Depending on the
propionate activating enzymes, different effect on yeast growth, fatty
acid accumulation and fatty acid profiles were observed. Among them,
the overexpression of RePCT showed the highest production of odd
lipids more than 60% to total lipids. On a third hand, we screened the
genes involved in propionate tolerance through Y. lipolytica genomic
library. Two genes, RTS1 and MFS1, were identified as showing a better
growth on propionate. In brief, a Y. lipolytica strain able to accumulate
high level of odd chain fatty acids, mainly heptadecenoic acid, has been
developed by metabolic engineering. This work paves the way for further
improvements in odd FAs and fatty acid derived compound production.
Keyword : Odd chain fatty acids, propionate, Yarrowia lipolytica
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The alkaline protease gene (aprE) is widely present among the genus
Bacillus. It can encode alkaline protease, AprE, containing 382 amino
acids. This enzyme has strong fibrinolytic activity, and its properties have
been extensively studied, and may be a substitute for thrombolytic drugs
like urokinase or streptokinase. However, its limited thermal stability
and acid-base tolerance limit its development. To develop an AprE
enzyme with higher fibrinolytic activity and better biochemical stability,
DNA shuffling experiments were done to obtain aprE gene variants with
improved function. By using original aprE genes as parental genes, a
diverse chimeric library was generated. First, the 1.4 kb aprE family
genes mixture were digested with DNase I into a 100 bp fragments and
purified by gel extraction. The digested DNA fragments were randomly
recombined by primerless PCR. The primerless PCR product was then
recombined into a full-length (1.4 kb) gene by conventional PCR
containing primers. The shuffled aprE genes were introduced into B.
subtilis WB600 using pHY300PLK. By protease activity and
fibrinolytic activity comparison of the TFs, one mutant with higher
fibrinolytic activity than WB600[pHY3-5] was obtained. Detailed
properties of the mutant is currently under investigation and will be
presented at the meeting.
Keyword : Family gene shuffling, fibrinolytic activity, primerless PCR
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Crystal Structure of γ-Aminobutyrate Aminotransferase
Corynebacterium glutamicum

Isolation of a Marine Agarolytic Bacterium Vibrio sp. S1 and
Characterization of Thermostable Extracellular β-Agarases
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γ-Aminobutyrate (GABA), a four carbon non-protein amino acid, is
used by some microorganisms as a source of carbon and/or nitrogen.
Corynebacterium glutamicum has an incomplete GABA shunt that lacks
a glutamate decarboxylase coding gene for the conversion of glutamate
to GABA. Recently, a novel GABA assimilation system was identified
in C. glutamicum. In the cell, GABA aminotransferase (GABA-AT) is
the first step of GABA assimilation in the process of utilizing GABA
as a carbon and/or nitrogen source. In this study, we report the crystal
structure of CgGABA-AT in complex with PLP-GABA. We used
structural studies and site-directed mutagenesis experiments to identify
the key residues that contribute to the formation of the active site.
Furthermore, based on structural comparisons and amino acid sequence
alignment, we demonstrate the differences between the GABA-ATs of
bacteria, fungi and animals.
Keyword : γ-Aminobutyrate, GABA aminotransferase, Corynebacterium
glutamicum
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The industrial application of Saccharomyces cerevisiae has been
diverting from hexose utilization to pentose fermentation. It has been
considered that the individual overexpression of pentose phosphate
pathway is a prerequisite for pentose fermentation. Recently, while it was
discovered that pho13 deletion can substitute the overexpression of
pentose phosphate pathway in xylose fermentation, it was not revealed
whether effect of pho13 deletion can apply to arabinose fermentation,
which is one of the highlighted pentose as a next generation biomass
following xylose. To confirm the pho13 deletion effect on arabinose
fermentation, we not only expressed the fungal arabinose pathway but
also applied the pho13 deletion to construct engineered strain.
Consequently, in the pho13 deleted strain, arabinose consumption rate
was increased under aerobic condition and there was little accumulation
of sedoheptulose as a result of activation of TAL1 gene. As in previous
xylose study, it can be assumed that the effect of pho13 deletion in
arabinose is the same as the mechanism of enhancing xylose
fermentation. Through this study, the effect of pho13 deletion limited
in xylose fermentation was broaden to pentose fermentation. To the best
of our knowledge, this study is the first for pho13 deletion on arabinose
fermentation.
Keyword : L-arabinose, PHO13, sedoheptulose
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An agar-degrading bacterium, strain S1, was isolated from coastal
seawater of Jeju Island, Korea, and identified as a novel species of the
genus Vibrio. The isolate, Vibrio sp. S1, produced at least 5 kinds of
extracellular agarases in Artificial Sea Water broth containing yeast
extract and bacto peptone, and two of them were purified to homogeneity.
Both agarases, AgaA33 and AgaA29 with apparent molecular weights
of 33-kDa and 29-kDa, respectively, exhibited optimum temperature
and pH of 45℃ and 7.0. They were in common acidophilic and heat stable
enzymes to maintain agarase activity at 50℃ to 93% and 87% of the
maximum, respectively. Moreover, more than 80% activity was retained
after heat treatment at 45℃ for 1h. Their agarase activity was inhibited
by presence of EDTA and remarkably stimulated by presence of Mn2+
2+
in a concentration dependent manner, indicating both required Mn ion
as a cofactor. AgaA33 enzyme exhibited Km and Vmax values of 4.02
mg/ml and 27 U/mg, respectively. AgaA29 exhibited Km and Vmax values
of 3.26 mg/ml and 200 U/mg, respectively. Instrumental analysis
demonstrated that both are new β-agarases that can hydrolyze agarose
and agaro-oligomers into neoagarotetraose and neoagarohexaose in
common. In addition, AgaA33 coproduced neoagarooctaose as the
major final product. Both thermostable enzymes are expected to be
useful for industrial application of agar. [Supported by the Advanced
Biomass R and D Center (ABC) of Global Frontier Project funded by
the Ministry of Science, ICT and Future Planning (NRF-2015M3
A6A2065700)]
Keyword : Agar hydrolysis, β-agarase, Vibrio sp. S1

Molecular Mechanism of Amelioration of Experimental Obesity
and Metabolic Syndrome Induced in Rat by
Neoagarooligosaccharides
*

*

*

Ju Won Seo, Sun Joo Hong , Maral Tsevelkhorloo , Soon-Kwang Hong
Department of Biological Science and Bioinformatics, Myongji University,
Gyeonggido 17058, Republic of Korea

Neoagarooligosaccharides (NAO) were prepared from agar extracted
from the marinealgae Gelidium elegans by hydrolyzingthe agar with β
-agaraseDagA enzyme of Streptomyces coelicolor.The purity of NAO
obtained was about 55.2% and the main components were foundto be
neoagarotetraose (33.6%) and neoagarohexaose (21.6%). High-fat diet
(HFD)-induced obesity experiment was carried out in rats for a period
of 151days. The rat of HFD-fed group exhibited a 35% increase in body
weight with several metabolicsyndromes compared to that of the normal
diet (ND)-fed group during experiment.In the HFD+NAO group fed a
combination of HFD and NAO (0.5% w/w), weight gain was reduced
by 46.9% compared to the weight gain of theHFD group and most
parameters associated with the metabolic syndrome wererecovered to be
similar to the ND-group. In vitro experiment using 3T3-L1 cellsrevealed
that NAO can effectively suppress adipogenesis and lipid
accumulation.Moreover, real-time PCR analysis demonstrated that
NAO inhibited thetranscription of the key adipogenic transcription
regulators such as SREBP-1c, PPAR-γ and C/EBP-α. All these
resultssuggest that NAO controls adipogenesisvia adiponectin signaling
pathway by suppressing transcription of masterswitches, resulting in
less lipid accumulation and weight gain. [supportedby "Cooperative
Research Program for Agriculture Science and Technology Development
(Project No. PJ01328801)" Rural Development Administration, Republic
of Korea]
Keyword : Neoagarooligosaccharides, anti-obesity, anti-adipogenesis
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Identification of a Novel Agar-Degrading Bacteria and
Biochemical Characterization of a Cold-Adapted α-Agarase

Production of High-Level Astaxanthin in Escherichia coli Using
Metabolic Engineering Methods

Si-Hyoung Park, Choong Hyun Lee, Soon-Kwang Hong*, Chang-Ro Lee*
Department of Biological Sciences, Myongji University, Yongin, Gyeonggido
17058, Republic of Korea

Changdai Gu1,2, Seon Young Park1,2, Robert M. Binkley1, Won Jun Kim1,2,
Mun Hee Lee1,2, Sang Yup Lee1,2,3*
1
Metabolic and Biomolecular Engineering National Research Laboratory,
Department of Chemical and Biomolecular Engineering (BK21 plus
2
program), Institute for the BioCentury, KAIST, Systems Metabolic
Engineering and Systems Healthcare Cross-Generation Collaborative
Laboratory, KAIST, Daejeon 34141, Republic of Korea, 3BioProcess
Engineering Research Center and BioInformatics Research Center, KAIST,
Daejeon 34141, Republic of Korea

Agar-degrading bacteria express a variety of agarases responsible for
agar degradation. Many b-agarases hydrolyzing b-1,4 linkages of agar
were biochemically characterized, but only three a-agarases
hydrolyzing a-1,3 linkages were reported. In this study, we identified a
novel agar-degrading marine bacterium and biochemically
characterized a new a-agarase belonging to the glycoside hydrolase (GH)
96 family. The agarase had the maximum activity at temperature and pH
of 40℃ and 8.0, respectively, and had the enzymatic feature of a
cold-tolerance. Several calcium-binding sites are found in the agarase;
2+
expectedly, its agarase activity is activated by Ca . Through thin layer
chromatography and NMR spectroscopy, we found that the agarase is
an a-agarase hydrolyzing agar into agarotetraose. Thus, our study
identified a novel agar-degrading marine bacterium and characterized
a novel cold-adapted a-agarase. [This work was supported by the
Advanced Biomass R&D Center (ABC) of the Global Frontier Project
funded by the Ministry of Science and ICT (ABC-2015M3A6A
2065700)].
Keyword : Agar-degrading bacteria, alpha-agarase, GH96
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Asthaxanthin is a red color keto-carotenoid, which have been reported
as a colorant of food and powerful antioxidant in human metabolism.
Here we report high-level production of asthaxanthin in metabolically
engineered Escherichia coli. Astaxanthin biosynthesis pathway was
developed, and trCrBKT enzyme for the production was reinforced by
enhancing its stability and modifying subcellular localization to cell
membrane. Further, in silico flux variability analysis was used to
optimize the astaxanthin biosynthetic pathway, eventually to enhance
production of asthaxanthin. As a result, we produced 432.82 mg/L of
astaxanthin in fed-batch fermentation, after optimization of culture
condition. [This work was supported by the Technology Development
Program to Solve Climate Changes on Systems Metabolic Engineering
for Biorefineries from the Ministry of Science, ICT through the National
Research Foundation (NRF) of Korea (NRF-2012M1A2A2026556 and
NRF-2012M1A2A2026557).]
Keyword : Astaxanthin, Escherichia coli, metabolic engineering
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Production of Extracellular Free Heme in Escherichia coli Using
Metabolic Engineering Methods
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Synthetic sRNA have been used for efficient knockdown system for gene
expressions, however it cannot be used in engineered strains for
incompatibility of plasmid(s). Here, we report rapid and multiplex
metabolic engineering platform using expanded sRNA for target gene
knockdown in engineered Escherichia coli. L-proline and L-threonine
producing strains with high performance were developed using
combinatorial knockdown via one-step co-transformation of sRNA
expression vectors. Also, sRNA library targeting 1,858 E. coli genes
were used for construction of crude violacein and indigo production
strains using high-throughput colorimetric screening. The developed
sRNA platform enables rapid construction of chemical overproduces,
even in presence of plasmid compatibility. [This work was supported by
the Technology Development Program to Solve Climate Changes on
Systems Metabolic Engineering for Biorefineries (NRF-2012M1A
2A2026556 and NRF-2012M1A2A2026557) and the Intelligent
Synthetic Biology Center through the Global Frontier Project (20110031963) of the Ministry of Science and ICT (MSIT) through the NRF
of Korea.]
Keyword : sRNA, metabolic engineering, genome-scale knockdown

Poster Session

In healthcare and food industry, heme have been used for various
applications. There have been reports for only small amount of heme
productions, using engineered Escherichia coli through the C4 pathway,
requiring extractions process. Now, we report engineered E. coli for free
heme, secreted to extracellular space. Endogenous C5 pathway and
downstream heme biosynthetic pathway were modified and developed
to reinforce the heme production. Also, 3 genes (i.e., ldhA, pta and also
yfeX) were knocked down, which encode a putative heme-degrading
enzyme, and eventually 7.88 mg/L of total heme with 1.26 mg/L
extracellular heme was produced in flask cultivation. CcmABC, a heme
exporter was overexpressed, which induced 73.4 mg/L heme secretion,
which is 63.5% out of total heme production (115.5 mg/L) from glucose
in fed-batch fermentations. At last, using supplementation of l-glutamate
in fed-batch fermentation, the Engineered E. coli strain produced 151.4
mg/L heme, which is 63.3% of total heme production (239.2 mg/L). This
strategy we ported will be a new breakthrough for free heme production
in engineered microorganism. [This work was supported by the
Technology Development Program to Solve Climate Changes on
Systems Metabolic Engineering for Biorefineries (NRF-2012M
1A2A2026556 and NRF-2012M1A2A2026557) of the Ministry of
Science and ICT of Korea.]
Keyword : Heme, secretion, Escherichia coli

Development of Rapid and Multiplex Metabolic Engineering
Platform Using Expanded sRNA Expression System in Escherichia coli
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Development of Fine-Tuning Gene Expression System through
Modulating sRNA Expression in Escherichia coli

Biosynthesis of Phenol from Glucose through sRNA-Based
Knock-Down System in E. coli

Jiyong Kim1, Minho Noh1, Seung Min Yoo4, Sang Yup Lee1,2,3*
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Republic of Korea, BioInformatics Research Center, KAIST, Daejeon
34141, Republic of Korea, 4School of Integrative Engineering, Chung-Ang
University, 84 Heukseok-ro, Dongjak-gu, Seoul, 06974, Republic of Korea
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1
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Department of Chemical and Biomolecular Engineering (BK21 Plus
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Escherichia coli gene expression knock-down using synthetic small
RNA (sRNA) can be fine-tuned by altering sRNA sequences to modulate
target mRNA-binding ability. However, this method have required
thorough checking for off-target effects. Here, we present convenient
and precise gene knockdown system using sRNA. This system is
fine-tuned by using different promoters to modulate synthetic sRNA
abundance. Our approach entails selecting knockdown target genes
resulting from in silico flux response analysis and those related to product
biosynthesis then screening strains transformed with a library of
synthetic sRNA-promoter combinations for enhanced production. We
engineered two E. coli strains, both utilizing fine-tuned repression of
argF and glnA through our approach; one produced putrescine (42.3 ±
1.0 g/L) and the other L-proline (33.8 ± 1.6 g/L) by fed-batch culture.
Fine-tuned gene knockdown by controlling sRNA abundance will be
useful for rapid design of microbial strains through simultaneously
optimizing expression of multiple genes at a systems level, as it
overcomes the difficulties of onstructing and testing many different
sRNAs and checking their cross-reactivity. [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-2012M1 A2A2026556 and NRF-2012M1A2A2026557);
the Intelligent Synthetic Biology Center through the Global Frontier
Project (2011-0031963) of Ministry of Science and ICT through the
National Research Foundation of Korea]
Keyword : Fine-tuning gene expression system, sRNA, metabolic
engineering

Phenol is a commonly used and industrially versatile chemical, which
is mostly produced from fossil resources. Previously, phenol’s biological
production from renewable resources has been limited due to its toxicity
to microorganisms. Here, we simultaneously engineered 18 Escherichia
coli strains for the production of phenol by employing the strategy of
synthetic regulatory sRNA technology. sRNA-based knock-down of the
two regulators and overexpression of the genes involved in the tyrosine
biosynthetic pathway together with tyrosine phenol-lyase in E. coli
strains resulted in the production of phenol from glucose. The 18
engineered E. coli strains showed significant differences in the
production of tyrosine (i.e. the immediate precursor for phenol), tyrosine
phenol-lyase activity, and tolerance to phenol. These results led to much
variation in their phenol- producing capabilities. Among the engineered
E. coli strains, the BL21 strain produced phenol most efficiently: 419
mg/L by flask culture and 1.69 g/L by fed-batch culture. The final titer
and productivity were further improved through biphasic fed-batch
fermentation using glycerol tributyrate as an extractant of phenol. The
concentration of phenol in the glycerol tributyrate phase and
fermentation broth reached 9.84 and 0.3 g/L, respectively, in 21 h, which
translates into the final phenol titer and productivity of 3.79 g/L and 0.18
g/L/h, respectively. This is the highest titer achieved by microbial
fermentation. Although further engineering is required to be competitive
with the current petro-based process, the strategies used for the
development of the engineered strain and fermentation process will
provide a valuable framework for the microbial production of toxic
chemicals. [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-2012M1A2
A2026556 and NRF-2012M1A2A2026557); the Intelligent Synthetic
Biology Center through the Global Frontier Project (2011-0031963) of
Ministry of Science and ICT through the National Research Foundation
of Korea]
Keyword : sRNA, knock-down, phenol
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Enhanced Expression of High Molecular Weight Spider Silk in E.
coli

Production of Plant Terpenes in Photosynthetic Bacteria Using
Metabolic Engineering
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Naturally existing spider silk and elastin protein received a lot of
attention from industry due to its outstanding mechanical properties
coming from the highly repeated structure and large size. However, Its
exceptional structure and size might limit expression in heterologous
hosts, where the repetitive sequences in mRNA create extensive
secondary structures. So that these structures decrease ribosome ability
and assist mRNA degradation. Using the naturally found protein, spider
dragline silk protein, we present techniques to solve biological problems
that occurred: using metabolic engineering as well as decreasing RNase
to assist production of the protein. The newly synthesized native-size
spider dragline silk protein produced increased titer than those reported
previously. The results provide insight into approaches to control
expression of useful recombinant proteins containing high molecular
weight and highly repetitive sequence. [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 NRF-2012M1A2A2026557);
the Intelligent Synthetic Biology Center through the Global Frontier
Project (2011-0031963) of Ministry of Science and ICT through the
National Research Foundation of Korea]
Keyword : Recombinant protein, spider silk, metabolic engineering

Metabolic engineering has been successfully applied to construct
bio-solar cell factories for photosynthetic isoprenoids from CO2. We
summarize the recent engineering of cyanobacteria and compare
photosynthetic isoprenoids production and heterotrophic isoprenoids
production in engineered Escherichia coli using carbon molar basis. The
production titers of a g/C-mole basis of cyanobacteria isoprenoids are
considerably lower than heterotrophic production by E. coli, except for
isoprene and squalene. However, synthetic biology tools for cyanobacteria
are being increasingly harnessed to control gene expression and
cutting-edge genome editing technologies are being applied to
cyanobacteria to construct efficient bio-solar cell factories for the
production of other value-added chemicals. Development of bio-solar
cell factories will surely be accelerated to fulfill the industrial
requirements including titer, productivity, and yield. In addition,
photosynthetic bioprocess must be followed to realize the bioproduction
for a sustainable society
Keyword : Metabolic engineering, cyanobacteria, terpenes
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Poster Session

Auxiliary activity family 9 (AA9) originating from cellulolytic fungi is
classified as lytic polysaccharide monooxygenase. This family of
protein plays a crucial role as the synergistic agent in enzymatic
hydrolysis of cellulose via oxidative mechanism. Here, we present
synergistic and oxidative actions of AA9. First, CgAA9 with origin in
the fungus Chaetomium globosum was functionally expressed in
Escherichia coli to exhibit synergistic activity with cellulase and
xylanase in the hydrolysis of cellulose and xylan, respectively.
Moreover, CgAA9 resulted in enhanced yield of reducing sugar from
differently pretreated lignocellulose. Next, two AA9s obtained from
Novozymes (TtAA9E and TaAA9A), which are currently industrially
applicable, were comparatively investigated for oxidative and
synergistic functions. Pretreatment-specific synergistic behaviors were
observed and product analysis shows a distinctive regioselectivity for
cellulose oxidation between the two AA9s. Overall, expression of the
fungal CgAA9 in a bacterial host and its dual substrate specificity will
contribute to higher yield of both glucose- and xylose-derived sugars and
the results of Novozymes AA9 not only provide an insight for molecular
function of AA9 but also suggest their customization specific to
pretreatment for industrial application.
Keyword : Auxiliary activity family 9, lytic polysaccharide monooxygenase,
synergism

515

G-91
Characterizing Metabolism of Liver Cancer Stem Cell Using
Systems Biological Methods
Gi Bae Kim1, Jae Yong Ryu1, Wonhee Hur2,3, Hyun Uk Kim1,4, Sung Woo
Hong2, Eun Byul Lee2, Sang Yup Lee1,4,5*, Seung Kew Yoon2,3*
1
Metabolic and Biomolecular Engineering National Research Laboratory,
Systems Metabolic Engineering and Systems Healthcare (SMESH)
Laboratory, Department of Chemical and Biomolecular Engineering
(BK21, 2The Catholic University Liver Research Center and WHO
Collaborating Center of Viral Hepatitis, College of Medicine, The Catholic
3
University of Korea, Seoul 06591, Republic of Korea, Department of
Internal Medicine, Seoul St. Mary's Hospital, College of Medicine, The
Catholic University of Korea, Seoul 06591, Republic of Korea,
4
BioInformatics Research Center, KAIST, Daejeon 34141, Republic of
Korea, 5BioProcess Engineering Research Center, KAIST, Daejeon 34141,
Republic of Korea

Liver cancer stem cells (LCSCs) have been spotted for their therapeutic
resistance in hepatocellular carcinoma (HCC). Even though the
importance of the understanding the metabolism of LCSCs for
developing therapeutic strategy, characteristics of metabolism in LCSCs
have not been well elucidated yet. Here, we analyzed and compared the
metabolic phenotype between LCSCs and non-LCSCs in systematic
way using transcriptome and metabolome data. To understand the
metabolism of the LSCS and non-LSCS in systems level, two
genome-scale metabolic models (GEMs) for LSCS and non-LSCS were
reconstructed to compare the metabolic characteristics between the
cells. Comparing with non-LCSCs, we found that LCSCs exhibit an
increased proliferation rate with enhanced glycolysis. We also found that
MYC, a central regulator in cancer metabolism, was also significantly
up-regulated in LCSCs. Moreover, the fatty acid oxidation in LCSCs was
less active. These results suggest a clue to treat the liver cancer cells,
which are resistant to anticancer treatments. [This work was supported
by the Technology Development Program to Solve Climate Changes on
Systems Metabolic Engineering for Biorefineries(NRF-2012M1A2A2026556
and NRF-2012M1A2A2026557) from the Ministry of Science and ICT
through the National Research Foundation (NRF) of Korea.]
Keyword : Metabolic engineering, genome-scale metabolic model, omics
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As the sustainable development has been raised as global issue, the
biorefinery technologies which transform biomass into fuel, power, and
chemicals have received a great deal of attention as a technology to
replace the use of fossil fuels. Here, we developed the microbial
production system of non-natural polymer, poly(lactate-co-glycolate)
(PLGA) from renewable biomass by adapting a bacterial polyester
biosynthesis system. PLGA has been widely used in biomedical
applications such as drug delivery and tissue engineering due to its
biocompatibility. To produce PLGA, we engineered Escherichia coli to
produce lactate and glycolate by constructing the Dahms pathway of
Caulobacter in E. coli. Metabolic flux simulations with genome-scale
metabolic model were used to optimized the Dahms pathway. Then,
propionyl-CoA transferase and polyhydroxyalkanoate synthase were
co-expressed to convert lactate and glycolate to lactyl-CoA and
glycolyl-CoA, respectively. The unwanted 2-hydroxybutyrate incorporation
was removed by inactivating isoleucine pathway, finally producing
PLGA successfully. [This work was supported by the Technology
Development Program to Solve Climate Changes on Systems Metabolic
Engineering for Biorefineries from the Ministry of Science, ICT and
Future Planning (MSIP) through the National Research Foundation
(NRF) of Korea (NRF-2012M1A2A2026556 and NRF-2012M1A2A2026557)]
Keyword : Metabolic engineering, polymer, Escherichia coli
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Elementary Mode Analysis of Mannheimia succiniciproducens for
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Clostridium acetobutylicum has been studied as a model organism for
production of valuable industrial chemicals such as butanol, acetone, and
ethanol. However, Clostridium is well known for the difficulty of genetic
manipulations. Here, we report a synthetic small regulatory RNA
(sRNA)-based gene knockdown system to efficiently control gene
expression in C. acetobutylicum. The Escherichia coli MicC scaffoldbased anti-Evoglow sRNA could successfully knockdown expression
of a model fluorescent protein. Moreover, knockdown of adhE1 in C.
acetobutylicum with the E. coli MicC scaffold-Hfq system led to 40%
decrease in butanol production (2.5 g/L). In addition, application of the
sRNA system
against pta in the buk-mutant C. acetobutylicum PJC4BK
(pPta-HfqEco) strain produced more butanol (16.9 g/L) compared with
the control PJC4BK strain (14.9 g/L) due to reduced acetic acid
production. Fed-batch fermentation of PJC4BK (pPta-HfqEco) coupled
with in situ gas stripping produced 105.5 g solvents (70.7 g butanol,
20.5 g acetone, and 14.3 g ethanol). The synthetic sRNA system
reported in this study will be useful for more efficient manipulation of
C. acetobutylicum strains capable of producing valuable chemicals and
biofuels. [This work was supported by the Intelligent Synthetic Biology
Center through the Global Frontier Project (2011-0031963) funded by
the Ministry of Science, ICT and Future Planning (MSIP) through the
National Research Foundation (NRF) of Korea]
Keyword : Clostridium acetobutylicum, synthetic small regulatory
RNA, metabolic engineering
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Succinic acid serves an important precursor of industrially valuable
chemicals, including γ-butyrolactone, 1,4-butanediol, and N-methylpyrrolidone.
Mannheimia succiniciproducens has been known for the efficient
production of succinic acid. To systemically analyze the metabolic
network of M. succiniciproducens, we performed elementary mode
analysis with clustering (‘EMC’ analysis). Elementary modes (EMs)
were produced using the central metabolic network of M.
succiniciproducens and clustering method was applied to investigate
their succinic acid production networks. The zwf and mdh genes were
selected as overexpression targets for the efficient production of succinic
acid based on EMC analysis. The selected genes were overexpressed in
a previously developed succinic acid-overproducing M. succiniciproducens
LPK7 strain, in which ldhA (lactate dehydrogenase), pta/ackA
(phosphotransacetylase and acetate kinase) and pflB (pyruvate formate
lyase) genes were deleted. Based on this study, EMC analyses will allow
prediction of further non-intuitive metabolic engineering for industrial
microorganisms. [This work was supported by the C1 Gas Refinery
Program through the National Research Foundation of Korea (NRF)
funded by the Ministry of Science, ICT & Future Planning
(NRF-2016M3D3A1A01913250)]
Keyword : Mannheimia succiniciproducens, succinic acid, metabolic
engineering
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We developed a colorimetric malonyl-CoA biosensor for industrially
important bacteria. First, RppA, a type III polyketide synthase which
produces red-colored flaviolin, was repurposed as a malonyl-CoA
biosensor in Escherichia coli. Colorimetric screening of cells showing
increase red color was able to identify enhanced malonyl-CoA
accumulation. We also report development of a colorimetric
malonyl-CoA biosensor applicable for Pseudomonas putida and
Corynebacterium glutamicum. Other type III polyketide synthases
could also be repurposed as malonyl-CoA biosensors. To screen
beneficial knockdown targets, 1,858 synthetic small regulatory RNA
library was constructed and applied to find 14 knockdown gene targets
that generally enhanced malonyl-CoA level in E. coli. The knockdown
targets were applied to develop engineered strains capable of enhanced
production of two polyketide compounds (6-methylsalicylic acid,
aloesone) and two phenylpropanoid compounds (resveratrol and
naringenin) to 440.3, 30.9, 51.8 and 103.8 mg/L, respectively. [This work
was supported by the Technology Development Program to Solve
Climate Changes on Systems Metabolic Engineering for Biorefineries
(NRF-2012M1A2A2026556 and NRF-2012M1A2A2026557); the
Intelligent Synthetic Biology Center through the Global Frontier Project
(2011-0031963) of the Ministry of Science and ICT (MSIT) through the
National Research Foundation (NRF) of Korea; Commercialization
Promotion Agency for R&D Outcomes (COMPA-2015K000365) of MSIT;
and also by Novo Nordisk Foundation grant NNF16OC0021746.]
Keyword : Malonyl-CoA, metabolic engineering, biosensor
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Using Enzyme-Substrate Interactions

Metabolic Engineering of Escherichia coli for High-Level Production
of Cinnamaldehyde with in situ Product Removal (ISPR)

Woo Dae Jang1, Jae Yong Ryu1, Hyun Uk Kim1,2, Sang Yup Lee1,2,3,4*
1
Metabolic and Biomolecular Engineering National Research Laboratory,
Department of Chemical and Biomolecular Engineering (BK21 plus
program), Institute for the BioCentury, KAIST, 291 Daehak-ro, Daejeon
34141, Republic of Korea, 2Systems Metabolic Engineering and Systems
Healthcare Cross-Generation Collaborative Laboratory, KAIST, 291
Daehak-ro, Daejeon 34141, Republic of Korea, 3BioInformatics Research
Center, KAIST, Daejeon 34141, Republic of Korea, 4BioProcess Engineering
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34141, Republic of Korea, 2KAIST Institute for the BioCentury, KAIST,
Daejeon 34141, Republic of Korea

One goal of metabolic engineering is the design of microorganisms that
can produce valuable chemicals in a sustainable way. To produce a
variety of target products including pharmaceuticals, biofuels, and
commodity chemicals, it is necessary to introduce known heterologous
reactions from biochemical databases or to design novel biosynthetic
pathways. However, identifying the enzymes to catalyze each reaction
steps is often challenging and depends primarily on the expert knowledge
and literature surveys. Here, we present MELI-3D (Mechanism-based
Enzyme Ligand Interactions), a computational method that predicts the
promiscuous enzymes of orphan or novel reactions based on
enzyme-substrate interactions. The MELI-3D predicts the candidate
enzymes for the desired reaction through three main steps: 1) reaction
similarity searches, 2) evaluation of enzyme-substrate interactions, 3)
scoring and ranking of target gene sequences. MELI-3D retrieves
information on reference reactions that are similar to the reaction
considered as an input reaction. Our method verified the performance
of the predictive model through cross-validation tests on the in-house
reference datasets. Further, we performed massive application studies
on the identification of enzyme sequences for orphan enzymes and novel
designed pathways. This automatic computational framework will be
useful in the field of metabolic engineering by facilitating enzyme
selection for orphan/novel reactions in metabolic pathways. [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
NRF-2012M1A2A2026557)]
Keyword : Enzyme selection, pathway design, enzyme-substrate
interactions
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Cinnamaldehyde is, as the name suggests, one of the aldehydes which
gives cinnamon-like odor. This yellow, volatile liquid have multipurposes such as food additives, insecticide and fungicidal, and use in
many pharmaceutical areas. Among them, eradication effect to various
harmful organisms including plant-parasitic nematodes is a superb
feature. In this study, synthetic pathway for the production of
cinnamaldehyde in Escherichia coli was developed. Theoretically,
cinnamaldehyde can be synthesized from intracellular L-phenylalanine
via trans-cinnamic acid as an intermediate. Therefore, we first
performed strain engineering of E. coli for high-level production of
L-phenylalanine. Next, we successfully constructed cinnamaldehyde
production system in E. coli by introducing two heterologous enzymes
after comparison of enzyme activities. However, we confirmed that the
production titer of cinnamaldehyde was extremely low and, considerable
amount of byproduct, cinnamyl alcohol, was synthesized by endogenous
reductases/dehydrogenases. To overcome this issue, 10 chromosomal
genes related to the production of cinnamyl alcohol were deleted and,
the conversion of aldehyde was prevented completely. Also, to decrease
cell toxicity to cinnamaldehyde and to extract for efficient purification,
in situ product removal (ISPR) strategy was conducted. Finally,
fed-batch cultivations were performed for enhanced production of
cinnamaldehyde and as a result, cinnamaldehyde was synthesized as
high as 1.1 g/L, which was regarded as the highest titer in the world. We
also confirmed that cinnamaldehyde produced by our engineered E. coli
showed high nematicidal activity similar to authentic cinnamaldehyde
against nematode Bursaphelenchus xylophilus.
Keyword : Cinnamaldehyde, metabolic engineering, fed-batch cultivations
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Production of Heterologous Squalene Using Multiplex CRISPR
Interference in Corynebacterium glutamicum
*

Jaehyun Park, Han Min Woo
Department of Food Science and Biotechnology, Sungkyunkwan University
(SKKU), Suwon 16419, Republic of Korea

Microbial production of squalene has driven caused by the illegal
harvesting from shark liver and the limitation of low-yielding
bioprocesses from plants. In addition, RNA-guided CRISPR
technologies have been applied to microbial cell for rapid development
of metabolic engineering in microbial cell factories. In this study, we
metabolically engineered Corynebacterium glutamicum to produce
squalene from glucose by expressing truncated squalene synthase and
over-expressing key enzymes (dxs, idi, and ispA) of MEP pathway. To
enhance squalene production, combinatorial target genes (gapA, gdh,
and idsA) were repressed by CRISPR interference for precursor
rebalancing, redox balancing, and blocking the competing pathway. As
a result, we found the best squalene production strain with blocking
competing pathway by repressing the idsA gene using high-throughput
cultivation. Using this strain, 5.4 ± 0.3 mg/g dry cell weight (DCW) and
105.3 ± 3.0 mg/L squalene were analyzed, which was a 5.2-fold increase
over the parental squalene production strain. Thus, this study shows
cost-effective and rapid strain development of metabolic engineering to
build efficient microbial cell factories for industry.
Keyword : CRISPR interference, Corynebacterium glutamicum,
Squalene
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Direct Conversion of CO2 to Fatty Acid Ethyl Esters (FAEEs) by
Engineered Cyanobacteria

Pathway Engineering for High- Level Photosynthetic Acetone
Biosynthesis from CO2 in Cyanobacteria
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Hyun Jeong Lee1,2, Ji Gyeong Son1, Mieun Lee1, Han Min Woo1*
1
Department of Food Science and Biotechnology, Sungkyunkwan university,
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Metabolic engineering of cyanobacteria has received attention as a
sustainable strategy to convert carbon dioxide to fatty acid-derived
chemicals that are widely used in the food and chemical industries.
Herein, Synechococcus elongatus PCC 7942, a model cyanobacterium,
was engineered for the first time to produce fatty acid ethyl esters
(FAEEs) from CO2. Due to the lack of an endogenous ethanol production
pathway and wax ester synthase (AtfA) activity in the wild-type
cyanobacterium, we metabolically engineered S. elongatus PCC 7942
by expressing heterologous AtfA and introducing the ethanol pathway,
resulting in detectable peaks of FAEEs. To enhance FAEE production,
we used two different strategies. AtfA was replaced to the mutated
variant wax ester synthase (AtfA-G355I) or a heterologous
phosphoketolase pathway was introduced in the FAEE-producing strain
to supply acetyl-CoA. Engineered S. elongatus PCC 7942 at first strategy
produced FAEEs (2.2 ± 0.7 mg/L/OD730). Subsequent optimization of
the cyanobacterial culture with a hexadecane overlay resulted in
engineered S. elongatus PCC 7942 that produced photosynthetic FAEEs
(10.0 ± 0.7 mg/L/OD730) at second strategy. This study is the first report
of photosynthetic production of FAEEs from CO2 in cyanobacteria.
Keyword : Metabolic engineering, photosynthetic production, fatty acid
ethyl esters

To replace petroleum-based chemicals, tremendous efforts have been
successfully enabled to produce photosynthetic short-chain-alcohols,
biochemicals, and isoprenoids by manipulating metabolic pathways and
introducing synthetic pathways in engineered cyanobacteria. Here, we
introduce a synthetic acetate-acetyl-CoA (AA) bypass to redirect carbon
flux toward acetyl-CoA by secreting and assimilating acetate. To
demonstrate the AA-bypass, two different synthetic acetone production
pathways (AAD and NAD) were applied to produce photosynthetic
acetone from CO2. SeHL120 (AA-bypass with the AAD pathway) was
constructed and cultivated for acetone production, resulting in 378.1 mg
-1
-1
L acetone and 19.9 mg L acetate. Thus, the successful development
of the cyanobacterial strains with the novel AA-bypass, combined with
bioprocessing, will accelerate the development of bio-solar cell factories
for the direct conversion of CO2 to acetyl-CoA-derived bio-chemicals.
This work was supported by Korea CCS R&D Center (KCRC), and the
Basic Science Research Program through the National Research
Foundation of Korea.
Keyword : Cyanobacteria, acetone, photosynthesis
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Improvement of Direct Conversion Of CO2 to Squalene Using
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Adipic Acid Synthesis from the Reversed β-Oxidation Pathway
Introduced into Escherichia coli
1*

Sun Young Choi , Sung Cheon Ko , Sang Jun Sim , Han Min Woo
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Department of Food Science and Biotechnology, Sungkyunkwan University,
2066, Seobu-ro, Jangan-gu, Suwon 16419, Republic of Korea, 2Department
of Chemical and Biological Engineering, Korea University, 145, Anam-ro,
Seongbuk-gu, Seoul 02841, Republic of Korea

Adipic acid is one of the valuable dicarboxylic acids to produce industrial
polymers such as nylon 6,6. However, due to the generation of
greenhouse gases and toxic chemicals from the conventional chemical
processes of adipic acid production, there is an increase in demand for
the biological production of adipic acid from renewable resources. In
this study, the reversed β-oxidation pathway has been applied in
Escherichia coli which consists of four enzymatic steps starting from
the condensation of acetyl-CoA and succinyl-CoA to production of
adipyl-CoA. Adipyl-CoA was further converted to adipic acid by
adipyl-CoA thioesterase encoded by Acot8 from Mus musculus.
Products of the synthetic pathway were confirmed by liquid
chromatography-tandem mass spectrometry, and adipic acid was
analyzed by gas chromatography-mass spectrometry. The final
engineered strain produced 12 μg/L of adipic acid from glucose through
the co-expression of the reversed beta-oxidation pathway and Acot8.
This study shows the biological production of adipic acid from glucose
in Escherichia coli, but the synthetic pathway needs to be optimized for
improved production of adipic acid.
Keyword : Adipic acid production, reversed β-oxidation, Escherichia
coli

Poster Session

Metabolic engineering of cyanobacteria has enabled photosynthetic
conversion of CO2 to value added chemicals as bio-solar cell factories.
The using cyanobacterial for direct production of squalene is advantage,
since they can just grow carbon dioxide from air and sunlight without
energy sources based on glucose. However, the production levels of
squalene among several isoprenoids in engineered cyanobacteria were
quite low, compared to other microbial hosts. Here, we engineered S.
elongatus PCC 7942 with modular metabolic pathways consisting of the
methylerythritol phosphate pathway enzymes and the squalene synthase
for production of squalene. Sequentially, to increase production of
squalene from CO2 by application of the push-and-pull strategy.
Squalene synthase (SQS) was fused to either a key enzyme (farnesyl
diphosphate synthase) of the methylerythritol phosphate pathway or the
β-subunit of phycocyanin(CpcB1). The best squalene producer was
cultivated in a scalable photobioreactor (6 L) with light optimization.
Moreover, we developed scalable production approaching of squalene
by using flue gas and natural sun light. Further development of the
photo-bioprocessing conditions with strain improvement will promote
establishment of an engineered bio-solar cell factory for industrial-scale
CO2 conversion. This work was financially supported by Korea CCS
2020 Program and Basic Research Program granted by National
Research Foundation of Korea.
Keyword : Metabolic engineering, cyanobacteria, squalene, scale-up
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Metabolic Engineering of Saccharomyces cerevisiae for the
Production of 2’-Fucosyllactose via the salvage Pathway

Stable and Tunable Maintenance of Multi-Copy Plasmid by
Antibiotics-Free Auxotrophic Control

Sora Yu1, Yong-Su Jin2, Kyoung Heon Kim1*
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Chae Won Kang1, Hyun Gyu Lim1, Jina Yang2, Myung Hyun Noh1, Sang
Woo Seo2*, Gyoo Yeol Jung1,3*
1
Department of Chemical Engineering, Pohang University of Science and
Technology, 77 Cheongam-Ro, Nam-Gu, Pohang, Gyeongbuk 37673,
2
Republic of Korea, School of Chemical and Biological Engineering,
Institute of Chemical Process, Seoul National University, 1 Gwanak-Ro,
Gwanak-Gu, Seoul 08826, Republic of Korea, 3School of Interdisciplinary
Bioscience and Bioengineering, Pohang University of Science and
Technology, 77 Cheongam-Ro, Nam-Gu, Pohang, Gyeongbuk 37673,
Republic of Korea

2’-Fucosyllactose (2-FL) is one of the most abundant oligosaccharides
in human milk. 2-FL has gained attention due to its health benefits as
a prebiotic. Microbial production of 2-FL has been studied mostly in
Escherichia coli which imposes concerns of endotoxin production. To
alternatively produce 2-FL by a generally recognized as safe yeast using
salvage pathway, in this study, fkp encoding L-fucokinase/GDP-L-fucose
phosphorylase was introduced in Saccharomyces cerevisiae to produce
GDP-L-fucose as the precursor of 2-FL. After confirming the production
of GDP-L-fucose in yeast, fucT2 encoding α-1,2-fucosyltransferase and
LAC12 encoding lactose permease were additionally introduced into S.
cerevisiae. 2-FL production by the resulting engineered yeast strain was
verified by gas chromatography/mass spectrometry and liquid
chromatography/mass spectrometry. Using the engineered yeast, 2-FL
titers of 92 mg/L and 503 mg/L were achieved from 48-h batch
fermentation and 120-h fed-batch fermentation fed with ethanol as the
carbon source. This is the first study on the production of 2-FL by
metabolically engineered yeast, which suggests that S. cerevisiae can be
used as a host for production of 2-FL.
Keyword : 2’-Fucosyllactose, Saccharomyces cerevisiae, metabolic
engineering
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Plasmids have been widely utilized for recent microbial biorefinery
process as DNA shuttles that deliver genes to host cells. In
plasmid-related systems, varying the plasmid copy number (PCN)
enables controllable expression of target genes or pathways that achieves
efficient production of biochemical. Although benefits of multi-copy
expression of the genes, plasmids require the addition of antibiotics for
their stable maintenance despite of the growing concerns on economic
and environmental problems. However, heterogeneity of PCN in
individual cells which greatly lowers the productivity of bioprocesses
is inevitable even with the addition of antibiotics. Here, we developed
the antibiotic-free auxotrophic plasmid maintenance system for stable
and tunable gene expression by precise control of PCN in Escherichia
coli. To achieve this, we devised a system that expresses one of essential
genes, infA encoding translation initiation factor (IF-1), on plasmid
instead of chromosome. We named the developed strategy the Stable and
TunAble PLasmid (STAPL) system. With the STAPL system, the gene
expression was stably maintained for 40th generation with minimized
cell-to-cell variation under antibiotics-free condition. Moreover,
varying the expression level of infA enabled us to rationally tune the PCN
by more than 5.6-fold. This antibiotic-free PCN control system was
applied for engineering E. coli to produce itaconic acid and lycopene.
Notably, the STAPL system significantly improved the production of
itaconic acid (2-fold) and lycopene (2-fold) compared to the
conventional system based on antibiotics. Collectively, our results
clearly indicated that the addition of antibiotics is not required to
maintain the plasmids expressing many genes via the STAPL system.
The STAPL system with its PCN control can effectively drive carbon flux
toward biochemical production as well as provide population quality control.
Keyword : Plasmid copy number, synthetic auxotrophy, expression
control
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The Evaluation of Microbially Induced Calcite Precipitation Using
the Bacteria Isolates from the Fermented Skates

Label-Free Detection Method of Influenza Viral RNA by RT-PCR
Coupled SDA-RCA Double Isothermal Amplification
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The limestone that forms the land crust of the ecosystem is composed
mainly of calcium carbonate. Therefore, many studies have been carried
out to repair crust and concrete cracks damaged by weathering and
erosion, and the recovery of crust by microbially induced calcite
precipitation. This is known as an eco-friendly method, supplementing
cracks in concrete by calcium carbonate formed by microorganisms.
Currently, this technology has been under much attention using soil
microorganisms, but the application of marine microorganisms to this
technology has been poorly studied. Therefore, in this study, we tried
to isolate potential bacteria with excellent calcium carbonate formation
and environmental adaptation abilities from fermented skates using a
culture based method. Skates are one of unique marine organisms
containing high urea contents in their body. The normal skate has a pH
value of less than 7.0 before fermentation, but the fermented skate is in
the high range of pH 9.0-10.0 due to the influence of ammonia produced
by urea fermenting microorganism. Therefore it was selected as a sample
for this experiment because it is relatively easy to isolate the
microorganisms resistant to the environment of concrete with high
alkalin pH 12. From the fermented skate sample, 35 strains were isolated
according to the type of colonies grown on the B4 and MRS media, and
16s-rRNA phylogenetic analysis confirmed that dominant bacteria were
Vagococcus sp. Among the 35 strains, 3 strains exhibiting urease activity
were selected, and these strains showed lower urease activity than the
positive control strain, Sporosarcina pasteurii. These strains were then
inoculated into the CaCl2-Urea medium to allow crystal formation under
fermentation conditions. After 21days, all three isolates showed crystal
formation as observed under an optical microscope. The 16S-rRNA
phylogenetic analysis of the three strains indicated that they belong to
Bacillus, Vagococcus and Acinetobacter species clade. Although the
further investigation needs to confirm calcium carbonate formation by
XRD, this study showed for the first time potential bacteria from the
fermented skate which can be potentially applied to self-healing
concreate technology.
Keyword : Calcium carbonate(Biomineralization), urease activity, skate

Every year influenza virus causes pandemic disease globally. Because
the influenza virus has numerous subtypes through the combination of
two glycoproteins such as hemagglutinin and neuraminidase, it is
necessary to develop the facile and accurate method for detection of
influenza virus. Thus, we developed a new diagnosis method that can
sensitively and rapidly detect RNA genome of the influenza virus. This
method uses conventional reverse transcriptase PCR (RT-PCR) coupled
strand displacement amplification (SDA) and subsequent rolling circle
amplification (RCA). The influenza viral RNA is amplified to
double-stranded DNA (dsDNA) by RT-PCR with reverse primer that has
a specific sequence recognized by nicking enzyme. Nicking enzyme
makes a nick site, and then Klenow fragment (exo-) ensues
polymerization from the nick site by displacing the single-stranded DNA
(ssDNA) of 24 nucleotides in length. The released ssDNA was subjected
to bind to the pre-ligated dumbbell shaped-padlock template, and the
Phi29 DNA polymerase subsequently initiates RCA process. The RCA
product harboring G-quadruplex structures generated from C-rich
sequence of padlock DNA can be detected through the fluorescence
generated by the intercalation of fluorescence dye Thioflavin T (ThT)
into the G-quadruplex. Our method showed sensitive detection limit in
range from 14.5 ng to 50 pg. In addition, SDA and RCA were performed
as just one-pot reaction, enabling this system to be applicable for a simple
process. Thus, we believed that this system can be highly sensitive and
simple method for detecting influenza virus.
Keyword : RT-PCR, RCA, SDA
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Recently, heterologous expression of biosynthetic gene cluster has
become an essential strategy for titer improvement and pathway
engineering of various potentially-valuable natural products. However,
precise cloning and efficient overexpression of an entire biosynthetic
gene cluster remains challenging due to ineffectiveness of current
genetic systems in manipulating large-sized gene clusters for
heterologous as well as homologous expression. Here, a versatile
Escherichia coli-Streptomyces shuttle bacterial artificial chromosomal
(BAC) conjugation vector, pSBAC, was used along with a cluster tandem
integration approach to carry out homologous and heterologous
overexpression of large 60-kb pikromycin (PIK) biosynthetic gene
cluster and 80-kb tautomycetin (TMC) biosynthetic gene cluster.
pSBAC-driven tandem integration of PIK biosynthetic gene cluster in
heterologous host resulted in enhanced PIK production. Meanwhile,
introduction of TMC biosynthetic gene cluster in TMC non-producing
strains has resulted in similar amount of TMC production yield.
Moreover, over-expression of TMC biosynthetic gene cluster in an
original producing strain and recombinant S. coelicolor dramatically
increased TMC production. In this study, the utility of the pSBAC system
as a precise cloning tool for large-sized biosynthetic gene clusters has
been established through heterologous expression of large-sized
biosynthetic gene cluster. Moreover, this pSBAC-driven heterologous
expression strategy was confirmed to be an ideal approach for production
of low and inconsistent natural products, implying that this strategy could
be employed for development of a custom-designed overexpression
scheme of natural product biosynthetic gene clusters in actinomycetes.
Keyword : Streptomyces, pSBAC system, Heterologous expression
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Acetogenic Bacteria Utilize Light-Driven Electrons as an Energy
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Optimization of Aptamer Functionalized Branched DNA for
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Acetogenic bacteria utilize cellular redox energy to convert CO2 into
acetate using Wood-Ljungdahl (WL) pathway. Such redox energy can
be derived from electrons generated from H2 as well as inorganic
materials such as light-responsive semiconductors. Despite the unique
physiology, the underlying mechanism has been largely unknown. To
reveal how acetogenic bacteria directly utilize electrons generated from
an external energy source to couple with CO2 fixation, we synthesized
the cadmium sulfide nanoparticle (CdS-NP), a semiconductor that
generates electrons from light, and displayed the CdS-NPs to the cell
surface of Clostridium autoethanogenum. Notably, we observed that the
strain converts CO2 into acetate without an additional energy source,
which only utilizes light-induced electrons from CdS-NPs.
Furthermore, transcriptional profiles indicate the genes associated with
WL pathway were up-regulated, similar to the results when the
C.autoethanogenum utilizes hydrogen as an energy source. We also
determined that extracellular electrons generated by light-induced
CdS-NPs were transferred to the C.autoethanogenum via the indirect
electron transfer system mediated by metal ion or flavin molecules. Our
results demonstrate the C.autoethanogenum utilizes external electrons
generated from light to fix CO2, which provides a potential to improve
the artificial photosynthesis system. This work was supported by the
Intelligent Synthetic Biology Center of the Global Frontier Project
(2011-0031957) and the C1 Gas Refinery Program (2018M3D3
A1A01055733) through the National Research Foundation of Korea
(NRF) funded by the Ministry of Science and ICT (MSIT).
Keyword : Aritificial photosynthesis, acetogen, cadmium sulfide

Target-specific delivery of DNA nanostructures is a promising research
field for cancer therapy. One of the DNA nanostructures, a branched
DNA can be attached with a number of different types of functional
groups to each end, and can be easily fabricated in a desired size and
shapes. Here, we have optimized branched DNA nanostructures that
functionalized with aptamers, which can specifically target molecules
on the surface of various cancer cells. For optimal target-specific
delivery, we adjusted the number of aptamers attached to one branched
DNA from 1 to 3, and inserted spacer sequence to reduce steric hindrance
between the aptamer and the DNA nanostructure. These synthesized
branched DNAs were confirmed by gel electrophoresis and cell uptake
efficiency of the structures was confirmed by confocal microscopy
images and flow cytometry. Anticancer drugs (DOX) intercalated in
double strand of branched DNA nanostructures were internalized into
tumor cells. As a result of MTT assay, cancer cell viability significantly
decreased compared to normal cells. Overall, these aptamer functional
branched DNA nanostructures can show promising potential as drug
vehicles for the target-specific delivery for cancer therapies.
Keyword : DNA nanostructure, drug delivery, aptamer
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Cellulose nanocrystals (CNC) have been reported as abundant
biocompatible biopolymeric materials. Because of its rod like shape has
been reported as better cellular uptake and its hydroxyl group within,
various modification strategies led CNC to play a role of cargo delivery.
However, negative charge characteristics of CNC limited loading of
negative materials. Here, for the delivery of drugs into cells via cationic
modification, the hydrothermal treatment process was carried out to
control exposure of hydroxyl group and elevate its zeta potentials. The
time of hydrothermal treatment was conducted until the saturation point
of pH and zeta potential to elevate zeta potentials. Desulfated CNC was modified
with cation molecules ((3-chloro-2-hydroxypropyl) trimethylammonium
chloride (CHPTAC)) to load negative charged drug. The zeta potential
and morphological analysis after modification was processed
accordingly. For delivering drug into cells, drugs were loaded on cationic
modified CNC by electrostatic interaction. The cellular uptake of CNC
and its efficacy have been studied. The synthesized cationic modified
CNC can be applied as materials for cargo delivery of negative molecules
into cell.
Keyword : CNC, cationic modification, drug delivery
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Highly Sensitive Heavy Metal Ion Microbial Biosensors
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Biological components (i.e. bioparts) with relevant functions and
improved specificities could be excavated from enormous genomic
databases, and then reassembled to develop new synthetic cells including
heavy metal microbial biosensors. We are able to design novel genetic
circuits to upgrade the sensitivity of biosensors, and to combine synthetic
cells with micro/nanotechnologies. “From Genome to Biosensors” is
presented in this study. First, several copies of the cadC homologue gene
(encoding a heavy metal-responsive transcription factor) were found in
the genome database of a natural microbial isolate. Subsequently, the
heavy metal specificities of CadC proteins were determined in E. coli
cells using fluorescence reporter assays. Next, T7 transcription genetic
circuits were introduced into synthetic cells to amplify intracellular
heavy metal sensing signals. Finally, a chemostat-like microfluidic
nanotechnology has been combined with microbial sensor cells for the
improvement of sensitivity. Our research demonstrates highly-sensitive
heavy metal biosensors could be developed by combining synthetic
biology and nanobiotechnology. This work was supported by the
Next-Generation Bio Green 21 Program (SSAC, grant#: PJ01111802),
Rural Development Administration, Republic of Korea.
Keyword : Heavy metal, biosensor, microfluidics
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Sohyung Oh1,2, Jin-young Lee1, Soo-Jin Yeom1, Seung-Goo Lee1,2*
1
Synthetic Biology and Bioengineering Research Center, 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

The microbial assimilation of one-carbon (C1) gases is of interest as the
pathway products have the potential to act as promising substrates for
the synthesis of valuable chemicals via enzymatic oxidation or C-C
bonding. Despite extensive studies on C1 gas assimilation pathways,
their key enzymes have not been subjected to any high-throughput
evolution studies due to the lack of efficient analysis tools for C1
metabolites. To resolve this challenging issue, we tried to establish a
fine-tuned single-cell–level biosensor system constituted by the
combination of transcription factors (TFs) and several C1-converting
enzymes, which convert target compounds to the ligand of a TF. The
enzyme reaction was supposed to convert target compounds to the ligand
of a TF, broadening the detection range of the genetic biosensor systems.
We here present new genetic enzyme screening systems (GESSs) to
detect formate, formaldehyde, and methanol from specific enzyme
activities and pathways, it named as FA-GESS, Frm-GESS, and
MeOH-GESS, respectively. All biosensors displayed linear responses
to their respective C1 molecules, namely, formate (1.0-250 mM),
formaldehyde (1.0-50 μM), and methanol (5-400 mM), with high
specificity. Consequently, the helper enzymes, including formaldehyde
dehydrogenase and methanol dehydrogenase, were successfully
combined to constitute new versatile combinations of C1-biosensors.
Keyword : C1 compound biosensor, genetic enzyme screening system,
one-carbon compound
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Genome Engineering of Eubacterium limosum Using Expended
Genetic Tools and CRISPR-Cas9 System
1

1

1

1

1

JongOh Shin , Seulgi Kang , Yoseb Song , Sangrak Jin , Jinsoo Lee , Sun
1,2
1
1,2*
Chang Kim , Suhyung Cho , Byung-Kwan Cho
1
Department of Biological Sciences and KI for the BioCentury, Korea
Advanced Institute of Science and Technology, Daejeon 34141, Republic of
Korea, 2Intelligent Synthetic Biology Center, Daejeon 34141, Republic of
Korea

1

1,2

1*

Hye Ryeon Yoon , Seung-Goo Lee , Heung-Chae Jung
1
Synthetic Biology and Bioengineering Research Center, Korea Research
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DDT has been banned in most countries because it is persistence
inenvironment and hazardous effect on animal, human. In this study, a
simple and rapidimmunoassay was described for detection of
organochlorine pesticides (DDT).Also, anti-DDT antibodies (IgG) were
developed and characterized for thespecific binding to DDT. Gold
nanoparticles were first conjugated with anti-DDTantibodies, and then
FITC-labeled antigen (FITC-DDA) was reacted with theimmobilized
antibodies. The fluorescence quenching of FITC was stronglyoccurred
due to the specific interaction between the antibodies and DDA.
However,in the presence of DDT, fluorescence intensity was recovered
because the FITC-DDA was release from the surface of AuNPs owing
to competitiveimmunoreaction. Under optimized condition, the
fluorescence intensity wasmeasured with a linear dynamic range and a
low detection limit. Furthermore, weused small, inexpensive, and
portable equipment which can be used forpoint-of-care testing of
fluorescence intensity. This simple strategy could beapplied to various
quenching-based methods for pesticide detection inenvironmental
samples.
Keyword : DDT, gold nanoparticles, immunoassay

Poster Session

Eubacterium limosum is one of the important bacteria in C1 feedstock
utilization as well as in human gut microbiota. Although E. limosum has
recently garnered much attention and investigation on a genome-wide
scale, a bottleneck for systematic engineering in E. limosum is the lack
of available genetic tools and an efficient genome editing platform. To
overcome this limitation, we here report expended genetic tools and the
CRISPR-Cas9 system. We have developed an inducible promoter
system that enables implementation of the CRISPR-Cas9 system to
precisely manipulate target genes of the Wood-Ljungdahl pathway with
100% efficiency. Furthermore, we exploited the effectiveness of
CRISPR interference to reduce the expression of target genes, exhibiting
substantial repression of several genes in the Wood-Ljungdahl pathway
and fructose-PTS system. These expended genetic tools and
CRISPR-Cas9 system comprise powerful and widely applicable genetic
tools to accelerate functional genomic study and genome engineering
in E. limosum. This work was supported by the Intelligent Synthetic
Biology Center of Global Frontier Project (2011-0031957) and C1 Gas
Refinery Program (2015M3D3A1A01064882) of the National
Research Foundation of Korea (NRF), funded by the Ministry of Science
and ICT (MSIT).
Keyword : Eubacterium limosum, acetogen, CRISPR-Cas9

Gold Nanoparticle-Based Fluorescence Quenching Immunoassay
for Pesticide Detection with DDT Binding Protein
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Engineered Bacterial Secretion System for the Isolation of
Therapeutic Proteins

Immunotherapy Using Engineered Tumor-Targeting S.
Typhimurium Expressing Theranostic Transgenes

Woong Chae Jung, Miryoung Song*
Department of Bioscience and Biotechnology, Hankuk University of Foreign
Studies, Gyeonggi-do 17035, Republic of Korea

Sung-Hwan You1, Dinh-Huy Nguyen1, Mai Thi Quynh Duong1, Venu
Akhil1, Ying Zhang1, Erva Özkan1, Jung-Joon Min1,2*
1Laboratory of In vivo Molecular Imaging, Institute for Molecular Imaging
and Theranostics, Chonnam National University Hwasun Hospital,
2
Jeonnam 58128, Republic of Korea, Department of Nuclear Medicine,
Chonnam National University Medical School, Gwangju 61469, Republic
of Korea

Bacteria deliver own proteins directly into host cell cytosol through a
needle-like nanomachine known as a type 3 secretion system (T3SS).
The expression of genes encoding T3SS are strictly regulated at the
myriad levels due to its role in pathogenesis. In the previous study, we
engineered the 35kb Salmonella Pathogenicity Island-1 (SPI-1) encoded
T3SS by removing or recoding genes, scrambling gene order, and
replacing all non-coding DNA with synthetic genetic parts. This process
results in a 16kb cluster that shares no sequence identity, regulation, or
organizational principles with SPI-1. Furthermore, it can be controlled
using synthetic regulatory circuits, including under SPI-1 repressing
conditions. When the engineered system was introduced into non-native
bacteria, Escherichia coli K-12 stain, the robustness and modularity was
maintained. In addition, the heterologous peptide was detected from
culture supernatant by placing specific tag destined for the secretion
through the engineered T3SS. Therefore, this work shows the incredible
robustness and modularity of the synthetic T3SS, which can be applied
as a high-throughput screening platform for peptide-drugs.
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H-12

Bacterial expression of imaging and therapeutic gene based on the
repressor-regulated promoter system would be a substantial
improvement in bacteria-mediated cancer therapy (BCT). Previously,
we reported that attenuated strain of Salmonella Typhimurium
(S.Typhimurium) carrying Tet system based on transcription repressor
and doxycycline activator to deliberately regulate therapeutic gene
expression in mouse models. Recently, we constructed plasmid structure
to improve bilateral gene expression encoding reporter gene and/or
therapeutic genes. We transformed attenuated S. typhimurium defective
ppGpp synthesis (SL∆ppGpp) using new synthetic plasmid and
evaluated cancer targeting, targeted gene expression and therapeutic
outcome. Our findings provide evidence that the strength of reporter gene
expression by the divergently oriented Tet promoters was nearly
balanced and the transcriptional regulation of theranostic bipartite genes
significant increased and was higher than previous constructs such
pJL87 and pBAD system. Next, we developed transformed SL∆ppGpp
coexpressing two different therapeutic genes such as cytolysin A (ClyA)
and Vibrio vulnificus flagellin B (FlaB), a bacterial pore-forming
cytotoxic protein and a strong TLR5 agonist, respectively. The
combination of dual therapeutic agents such ClyA and FlaB showed
marked suppression in tumor microenvironment in both BALB/c and
C57BL/6 mice models. This effect was tightly related with induction of
immune effector cells such as dendritic cell in lymph node, CD4+, CD8+
T cells, memory T cells and neutrophil in tumor. Moreover, after tumor
rechallenge, 50% of mice were completely rejected and 50% delayed
the second tumor challenge as compared to non-pretreated control mice.
Therefore, oncolytic engineered bacteria for expression of targeted
anti-tumor therapy can be developed as a cornerstone strategy for
anticancer immunotherapy.
Keyword : Salmonella, immunotherapy, tet system
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Randomized 5′-UTR Sequences to Optimize the Multi-Enzyme
Pathway for Artificial Curcumin Biosynthesis in E. coli

Genetic Dissection of the Post-Glycosyltransfer Pathway in
Aminocyclitol Fortimicin Biosynthesis

Kyung Taek Heo1,2, Sun-Young Kang1, Young-Soo Hong1,2*
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2
of Korea, Department of Bio-Molecular Science, KRIBB School of
Bioscience, Korea University of Science and Technology (UST), Daejeon
34113, Republic of Korea

Hye-Ji Kim1, Na-Joon Lee1*, Je Won Park1,2*
1
Department of Integrated Biomedical and Life Sciences, Graduate School,
2
Korea University, Seoul 02841, Republic of Korea, School of Biosystem and
Biomedical Science, Korea University, Seoul 02841, Republic of Korea

In multi-enzyme biosynthetic pathway, fine-tuning of each enzyme
expression is one of the strategy for high product titer. Recently, many
research group developed the tools for gene expression optimization and
these research efforts facilitate finding the optimal balance between gene
expressions and cell viability. However, the rational approach has some
limitations in finding the most optimized expression ratio in the in vivo
systems. Here, we applied multiplex automatic genome engineering
(MAGE) tool to optimize the expression level of a six-enzyme reaction
for artificial biosynthesis of curcumin in Escherichia coli. We screened
a library of 5′-untranslational region (UTR) sequence mutants made by
MAGE and we isolated a variant (6M08rv) that showed about a 38.2-fold
increase in the production of curcumin compared to the parent strain.
Interestingly, based on the calculated expression levels of the 6M08rv,
two enzymes(4-coumarate:CoA ligase (4CL) and phenyldiketide-CoA
synthase (DCS)) were much lower than those of the parent strain.
Keyword : Multiplex automatic genome engineering, curcumin,
artificial biosynthesis

H-14

This research aims to elucidate the post-glycosyltransfer steps in the FOR
biosynthetic pathway, namely from FOR-FU10 to FOR-KK1 by
employing the dual vector expression system onto the FOR-FU10producing recombinant strain of E. coli as its heterologous host. This
research was begun by finding certain genes which are expected to be
involved in biosynthesis from FOR-FU10 to FOR-KK1 selected by
comparing each gene's function throughout in silico analyses including
multiple sequence alignment and BLAST. Six gene candidates were
constructed in diverse combinations by BioBricks assembly, and then
introduced into E. coli NB9, yielding total 13 kinds of recombinants.
After each recombinant was cultivated, the aminocyclitols existed in the
fermentation supernatants were extracted and concentrated using
solid-phase extraction. The resulting extracts were finally analyzed
through the HPLC-ESI-MS/MS instrumental analysis. The production
of FOR-KK1 was identified as the sequentially catalytic steps mediated
by forE-forS-forN-forQ-forB gene products that generate FOR-KL1,
followed by the reaction mediated by ForK (6’-C-methyltransferase)
that produces FOR-KK1. This study is expected to lay a foundation stone
for the development of next-generation antibiotic drugs.
Keyword : Aminoglycoside antibiotics, BioBricks assembly, heterologous
expression
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Novel Electrochemical Taqman Assay by Utilizing Flap
Endonuclease Activity of Taq DNA Polymerase

Exploring Undiscovered Secondary Metabolites from
Streptomyces sp.

Danyong Lim, Hyowon Jang, Hyo Yong Kim, Seoyoung Lee, Hyun Gyu
*
Park
Department of Chemical and Biomolecular Engineering (BK 21+ program),
KAIST, Daejeon 34113, Republic of Korea

Hiyoung Kim, Hahk-Soo Kang
Department of Biomedical Science and Engineering, Konkuk University,
120 Neungdong-ro, Gwangjin-gu, Seoul 05029, Republic of Korea

Natural products are rich source of chemical compounds for drug
discovery. Particularly, bacterial secondary metabolites are a
structurally diverse and biologically valuable group of small molecules,
and have been contributed as an important source for drug leads. Genome
mining driven by advances in genome sequencing and mining,
bioinformatics, as well as advances in experimental techniques for the
potential of biosynthetic pathway manipulation to awake silent (cryptic)
gene clusters under laboratory cultivation, have accelerated the
discovery process for new natural products very efficiently. As we are
interested in the discovery of new bacterial secondary metabolites based
on these advanced genome mining skills, streptomycetes have been
genetically investigated and analyzed as to have many biosynthetic gene
clusters (BGCs) encoding secondary metabolites.
Keyword : Natural products, Streptomycetes, Biosynthetic gene
clusters(BGCs)

Poster Session

Herein, we have described a novelelectrochemical taqman assay by
using flap endonuclease activity of Taq DNApolymerase for the
detection of the double-stranded DNA. In this strategy, weemployed
novel Taqman probe which has 3’ overhang region to hold the
captureprobe and whose 5’ end is modified with biotin molecule to
capture theavidin-Gox (Glucose oxidase). FEN activity of the Taq DNA
polymerase cleavesthe novel Taqman probe by catalyzing the hydrolytic
cleavage which is formedonly in the presence of the target nucleic acids,
and releasing shortoligonucleotide modified with biotin at 5’ end. After
PCR, in the presence ofthe target nucleic acid, avidin-Gox is washed
away during the magneticseparation, while the avidin-Gox can bind to
the 5’ end of Taqman probe andremains after the magnetic separation
in the absence of the target nucleicacid. After incubation with glucose,
PCR solution containing the target nucleicacid shows high glucose level
but PCR not containing the target nucleic acidshows negligible glucose
level due to oxidization of the glucose by Gox. Basedon this novel
strategy, we successfully determined target DNA concentrationwith
excellent linear relationship and could discriminate the target
nucleicacid against plasmid DNA extracted from the other sexually
transmittedpathogen.
Keyword : Taqman assay, Flap endonuclease, Taq DNA polymerase
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Development of Fluorescence Signal-Based CRISPR-Edited Gene
Selection System

A Novel H-Structured DNA Aligner for Highly Specific Detection
of Nucleic Acids

Hyowon Jang, Youna Kim, Seoyoung Lee, Hyun Gyu Park*
Department of Chemical and Biomolecular Engineering (BK 21+ program),
KAIST, Daejeon 34113, Republic of Korea

Hansol Kim, Hyun Gyu Park*
Department of Chemical and Biomolecular Engineering, KAIST, 291
Daehak-ro, Yuseong-gu, Daejeon 34141, Republic of Korea

We, herein, describe a fluorescence signal amplification reaction for
clustered regularly interspaced short palindromic repeats (CRISPR)edited gene selection. In this strategy, mutant type gene edited by
CRISPR induces the formation of three way junction (3WJ) structure
by associating a specially designed 3WJ template and 3WJ primer. Upon
the formation of 3WJ structure, 3WJ primer is subjected to continuously
repeated extension and nicking reaction by the combined activities of
DNA polymerase and nicking endonuclease, consequently producing
a large number of trigger strands. The trigger strands then initiate the
opening of hairpin probe modified with fluorophore and quencher at 3’
end and 5’ end of hairpin probe, respectively. As a consequence, a large
number of hairpin probe are opened and thus the quenched fluorescence
of the fluorophore is restored, which can be monitored in real-time during
the amplification reaction. Based on this principle, we successfully
discriminated mutant type DNA from wild type DNA with excellent
sensitivity. The sophisticated design principle employed in this work
would provide great insight for the development of self-operative
isothermal amplifying system enabling target nucleic acid detection.
Keyword : CRISPR, three way junction, fluorescence signal

Herein, we describe an H-structured DNA aligner (HSA) for target
nucleic acid detection. In this strategy, specially designed two aligners
are induced to form H-shape structure only in the presence of target
nucleic acid. It allows the molecular beacon binds to the arms of H-shape
structure. Upon the formation of H-structure, the NEase is loaded on the
HSA's stem followed by the cleavage of molecular beacon, consequently
producing an amplified fluorescence signal. Based on this HSA-mediated
cleavage (HSA-C), we successfully detected target DNA and RNA with
high specificity using only one NEase. In addition, separating the NEase
recognition site enabled highly specific detection, allowing multiplexed
detection of target DNAs.
Keyword : DNA nanostructure, nucleic acid detection, molecular
diagnostics
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Real-Time Monitoring of Rotifer Utilizing Target RNA-Specific
Trigger Induced Exponential Signal Amplification Reaction
*
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Stable Maintenance of pH is Crucial for Efficient Production of
Recombinant Proteins in a Cell-Free Protein Synthesis System
*

Seoyoung Lee, Hyowon Jang, Hyun Gyu Park
Department of Chemical and Biomolecular Engineering, KAIST, 291
Daehak-ro, Yuseong-gu, Daejeon 34141, Republic of Korea

Byeong-Jin Moon, Kyung-Ho Lee, Dong-Myung Kim
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National University, Daejeon 34134, Republic of Korea

Herein, we developed a novel method for real-time monitoring of rotifer
utilizing target RNA-specific trigger induced exponential signal
amplification reaction. In this strategy, trigger 1-complementary
sequence-containing reverse primer bound to target RNA and extended
to make RNA-cDNA complex by activity of reverse transcriptase. Then,
only single cDNA remained after the treatment of RNase H to
RNA-cDNA complex. The single cDNA bound to forward primer and
nicking recognition site-containing double-stranded DNA (nrs-dsDNA)
was made after the extension of forward primer by DNA polymerase.
Upon the formation of nrs-dsDNA, a large amount of trigger 1 strands
were produced by the combined activities of DNA polymerase and
nicking endonuclease. The trigger 1 strand then bound to the overhang
region of Amplifluor probe and extended to make open Amplifluor
followed by the production of a large amount of trigger 2 strand by the
combined activities of DNA polymerase and nicking endonuclease. The
produced trigger 2 strand also bound to free Amplifluor to make open
Amplifluor. From this reaction, a large amount of open Amplifluor were
produced and their fluorescence was monitored in a real-time manner.
This sophisticated design principle employed in this strategy would
provide great insight for the development of real-time monitoring system
for predator/weed strain invasion in microalgae culture.
Keyword : Rotifer monitoring, RNA detection, isothermal amplification

Cell-free protein synthesis system provides a great flexibility for the
production of recombinant proteins. It allows rapid expression of
proteins, facile production of toxic proteins, and screening of protein
libraries in higher speed. Conventionally, it has been considered that
sufficient supply of ATP is the most critical issue for efficient cell-free
protein synthesis reactions. In this study, we tested four energy sources
(creatine phosphate, phosphoenolpyruvate, fructose 1,6-bisphosphate,
and glucose 6-phosphate) to produce different target proteins in a
cell-free protein synthesis system derived from Escherichia coli extract.
Interestingly enough, the efficiency of protein expression did not
correlate with the efficiency of ATP supply. For example, although the
efficiency of ATP regeneration was higher when fructose 1,6-bisphosphate
was as the energy source, creatine phosphate provided the higher
expression level and solubility of all the proteins examined. It was found
that such a discrepancy was due to stable maintenance of pH of the
reaction mixture. This finding was extended to increase protein
productivity in proportion to the amounts of ATP that an energy source
provides. For example, when the pH of reaction mixture was stabilized
with higher buffering capacity, the cell-free synthesis reaction exhibited
higher productivity than a creatine phosphate-utilizing reaction. It was
also found that the maintenance of pH is crucial for soluble expression
of recombinant proteins in a cell-free synthesis system.
Keyword : Cell-free protein synthesis, ATP regeneration, pH
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Construction of a High Performance Inducible Promoter System
for the Precise Control of Secondary Metabolites Production in
Streptomyces
*

Chang-Hun Ji, Hiyoung Kim, Hyun-Woo Je, Hahk-Soo Kang
Department of Biomedical Science and Engineering, Konkuk University,
Seoul 05029, Republic of Korea

A large-scale production of secondary metabolites in bioindustry is a
strenuous process, as over-production of metabolites could be toxic and
also cause significant metabolic burden to their hosts. Therefore, the
precise control of the metabolite production during fermentation is of
great importance. Promoter engineering provides a way to address this
issue. Using promoter engineering, biosynthetic genes could be put
under the control of well-characterized inducible promoter systems that
offer the tight control of the transcription by adjusting the level of input.
Here, we present a modular approach in which two separate functioning
modules, promoter and regulatory modules, are combined to create a
high performance inducible promoter system with a large dynamic
range. To achieve this goal, we first constructed the four different
inducible promoter cassettes that combine a strong promoter with four
different operator-repressor pairs that were all known to function in
Streptomyces. Since the same promoter was used, the difference
observed in promoter performances would correlate with the difference
in regulatory modules. Performances of four inducible promoter
cassettes were then compared using the indigoidine-based promoter
assay system. In on and off tests, the cumate-inducible promoter system
showed the highest performance with the almost complete repression
and induction characteristics. The largest dynamic range was also
observed from the cumate-inducible promoter system that allowed the
control of promoter activity in a dynamic range by adjusting an inducible
concentration. We also demonstrate that any strong constitutive
promoter could be converted into an inducible promoter by
CRISPR/Cas9-aided insertion of an operator wherever tight control of
gene expression is required. We believe that the synthetic inducible
promoter system we report here could be a useful tool in modulating
secondary metabolite production in Streptomyces.
Keyword : Promoter engineering, Inducible promoter, secondary
metabolites

Development of an Efficient Electroporation Method for Syngas
Fermenting Eubacterium limosum
Jin Soo Lee1, Yoseb Song1, Sangrak Jin1, Jongoh Shin1, Seulgi Kang1,
Suhyung Cho1, Byung-Kwan Cho1,2*
1
Department of Biological Sciences and KI for the BioCentury, Republic of
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2
Republic of Korea, Intelligent Synthetic Biology Center, Daejeon 34141,
Republic of Korea

Acetogens have received considerable attention with their capability to
fix carbon dioxide (CO2) and carbon monoxide (CO), which then convert
into various metabolites via the Wood-Ljungdahl pathway. Particularly,
this pathway generates acetyl-CoA from 2 moles of CO2 or CO. Among
the CO2 fixing acetogens, the Gram-positive Eubacterium limosum
produces a variety of metabolites and has relatively short doubling time
compared to other acetogens. Despite these advantages, lack of genetic
engineering tools for E. limosum has limited engineering its metabolic
capability to produce value-added biochemicals. Here, we established
electroporation method and enhanced the electroporation efficiency for
E. limosum, by examining cell density per electric impact, various buffers
that weaken the cell wall or increase fluidity of cell membrane, and wide
range of pulse strength. As a result, we developed the most efficient
electroporation method and enhanced the electroporation efficiency 3.9
1
5
´ 10 to 1.12 ´ 10 CFU/mg of plasmid DNA, increasing 2,872-fold. This
provides a foundation to engineer E. limosum for the production of
valuable biochemicals from C1 feedstocks. This work was supported by
the Intelligent Synthetic Biology Center of Global Frontier Project
(2011-0031957) and C1 Gas Refinery Program (2015M3D3A1A
01064882) of the National Research Foundation of Korea (NRF), funded
by the Ministry of Science and ICT (MSIT).
Keyword : Eubacterium limosum, transformation, engineering tool
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sp. nov., Isolated from Soil of Rose Garden
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Gyeonggi-do 17546, Republic of Korea

Poster Session

A silver nanoparticle producing, Gram-stain negative, aerobic,
non-motile and rod-shaped novel bacterial strain, designated MAH-2T,
was isolated from a soil sample of rose garden. The colonies were light
pink color, smooth, circular and 0.2-0.6 mm in diameter when grown on
nutrient agar for 3 days. Strain MAH-2T grows at 15-40℃ (optimum
growth temperature 30℃), at pH 5.0-7.0 (optimum growth pH 6.5) and
at 0-2 % NaCl (optimum 0-0.5 %). Cell growth occurs on nutrient agar
and R2A agar. The strain was positive for both catalase and oxidase tests.
T
The strain MAH-2 was able to synthesis of silver nanoparticles. The
biosynthesized silver nanoparticles were confirmed and characterized
by ultraviolet visible spectrophotometer and field emission-transmission
electron microscopy (FE-TEM). According to the 16S rRNA gene
sequence comparisons, the isolate was identified as a member of the
genus Microvirga and was most closely related to Microvirga soli R491T
T
(96.7% sequence similarity), Microvirga subterranea Fail4 (96.4%),
T
Microvirga guangxiensis 25B (96.0%) and Microvirga aerophila
5420S-12T (95.9%). The genomic DNA G+C content of isolated strain
was determined to be 62.5 mol% and the predominant isoprenoid
quinone was Q-10. The major fatty acids were identified as summed
feature 8 (comprising C18:1 ω7c and/or C18:1 ω6c) and C19:0 cyclo ω8c. On
the basis of these phenotypic, genotypic and chemotaxonomic studies
T
and DNA-DNA hybridization results, the isolated strain MAH-2
represents a novel species, for which the name Microvirga rosea sp. nov.
T
T
is proposed, with MAH-2 as the type strain (= KACC 19290 =
T
CGMCC1.16488 ).
Keyword : Microvirga rosea, silver nanoparticles, DNA-DNA hybridization
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Quantitative Characterization of Genetic Parts for Highly Efficient
C1 Gas Utilization in Acetogenic Bacteria

Development of Novel Bioparts for Synthetic Biology Applications
Based on Genome-Scale Transcript Termini Information
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Acetogens that are capable of fixing C1 gas (CO, CO2) through the
Wood-Ljungdahl pathway (WLP) have been emerging as a biocatalyst,
but there are still many genetic parts needed for genetic manipulation
of the microorganism. Previously, our group generated omics results for
transcriptome, translatome, and transcription start site in Eubacteria
limosum ATCC 8486 strains, one of the model acetogens, to understand
the C1 fixation metabolism of acetogens. In order to design synthetic
parts for genetic manipulation of acetogens, we analyzed the
promoter/UTR region of the highly expressed 1,000 genes in E. limosum
under C1 gas condition based on the multi-omics information. As a result,
we observed that ‘TTKMMV’ and ‘TAKAAT’ motifs were conserved
at -35 and -10 sites of the promoter region, and ‘GGAGG’ motif was
conserved in UTRs of E.limosum, respectively. Based on those motifs,
we designed a total of 128 mer synthetic promoter/UTR parts and
synthesized a total of 62,000 genetic parts based on the microarray. To
quantify the expression strength of the synthetic promoter/UTR, we
connected the synthetic promoter/UTR parts with the genes encoded
fluorescence proteins, and then we classified ‘high’, ‘mid’, and ‘low’
expression strength based on the FACS, and characterized each part
based on the NGS technology. Consequently, this result will provide a
genetic part platform for engineering acetogenic bacteria, which will
further be utilized to increase the efficiency of both C1 gas utilization
and chemical production by acetogens. This work was supported by the
Intelligent Synthetic Biology Center of the Global Frontier Project
(2011-0031957) and the C1 Gas Refinery Program (2018M3D3
A1A01055733) through the National Research Foundation of Korea
(NRF) funded by the Ministry of Science and ICT (MSIT).
Keyword : Synthetic biology, acetogen, C1 metabolism

Synthetic biology aims to design novel genetic circuits using naturally
occurring or synthetically designed regulatory elements. Numerous
cis-regulatory elements with various functions to respond to external
stimuli or sense intra/extracellular metabolite levels have been
embedded as bioparts for designing the genetic circuits. To date, the
majority of the bioparts have been derived from the 5’ UTR (or upstream
sequence of a gene) modulating transcription and translation initiation,
including ribo-switches and attenuators. Recent reports indicate that 3’
UTR plays a critical role in gene expression as well as the 5’ UTR. Despite
the importance, the regulatory elements encoded in 3’ UTR are poorly
characterized. To harness the regulatory functions of 3’ UTR, we
experimentally determined transcript termini of Escherichia coli
genome using Term-Seq, revealing 1,629 transcript 3’ termini. In
addition to the in-depth sequence analysis, further examination of the
3’ termini with fluorescence reporter system led us to develop a set of
novel bioparts for regulating gene expression with a wide range of
dynamic expression levels. Furthermore, a combinatorial design using
promoters, 5’ UTRs, and 3’ UTRs having different strength levels
provides an expanded biopart repertoire for fine-tuning of transcription
level and termination.
Keyword : Synthetic Biology, Term-Seq, mRNA 3' end
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Bacterial cellulose (BC) consists of pure cellulose nanofiber (CNF), and
it has outstanding properties such as high crystallinity, water retention
value and tensile strength. Currently, the primary producer of BC is
Komagataeibacter xylinus. There are only little of genetic toolkits for
K. xylinus exist, thus it is difficult to enhance the BC productivity through
metabolic engineering. In this study, gene expression system for K.
xylinus was investigated. Various factors such as plasmid origin,
promoter, Shine-Dalgarno (SD) sequence and transcriptional terminator
were screened and optimized. Using the newly developed expression
system, various genes were able to be expressed quantitatively. As a
result, fine-tunable expression of homogeneous genes enabled
dramatically enhanced production of BC. It was demonstrated that
development and application of quantitative gene expression system is
a practical way of improving BC productivity.
Keyword : Cellulose, Komagataeibacter xylinus, fine-tunable gene
expression system
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High Production of Tautomycetin Using Optimization of
Regulatory Genes in Heterologous Host

Engineering of Genetically Encoded Biosensors Using Synthetic
Parts

Seunghee Choi, Hee-Ju Nah, Si-Sun Choi, Eung-Soo Kim*
Department of Biological Engineering, Inha University, Incheon 22212,
Republic of Korea

Sungyeon Jang, Sungho Jang, Gyoo Yeol Jung*
Department of Chemical Engineering, POSTECH, Pohang 37673, Republic
of Korea

Tautomycetin is produced by Streptomyces sp.CK4412 and has several
medical functions such as immunosuppressive, anticancer and
antifungal activities. Although potentially-valuable natural compound,
there is low production yield in industrial field. Previously we tried to
improve tautomycetin production yield through overexpression of
regulatory genes in original host. Moreover, we isolated the entire
Tautomycetin biosynthetic gene cluster for heterologous expression.
Even we tried to increase the number of biosynthetic gene cluster, it has
a limitation to integrate several copies of biosynthetic gene clusters in
heterologous strains due to large-sized recombinant vector. In this study,
we overexpressed site-specific positive regulatory genes, tmcT and
tmcN, in heterologous hosts rather than integrated additional
biosynthetic gene clusters. we also overexpressed both regulatory genes
at once or optimized from rare codon TTA to native codon CTC in
regulatory genes. As a result, Tautomycetin titer production is increased
compared to parental strains, whose detailed results will be further
discussed.
Keyword : Tautomycetin, heterologous expression, regulator

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.
Keyword : Synthetic biology, riboswitch, genetic circuit
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Isolation of Bacterial Strains from the Rhizosphere of Tomato
Resistant to Bacterial Wilt

Changes in Fecal Microbiota Composition by Coronavirus
Infection in Korean Calves

Soojin Kim1, Hyein Park1*, Ju Yeon Song1*, Seon-Woo Lee2*, Jihyun F.
Kim1*
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Life Science and Biotechnology, Yonsei University, 50 Yonsei-ro,
2
Seodaemun-gu, Seoul 03722, Republic of Korea, Department of Applied
Bioscience, Dong-A University, Busan 49315, Republic of Korea

Jieun Lee1, Min-Sung Kwon1, Sung-Soo Park1, Min Hyung Kim1, Ruhui
Song2, Suhee Kim3, Dohyeon Yu4, Jinho Park2, Hak-Jong Choi1*
1
Microbiology and Functionality Research Group, World Institute of
Kimchi, Gwangju 61755, Republic of Korea, 2College of Veterinary
Medicine, Chonbuk National University, Iksan 54596, Republic of Korea,
3
National Institute of Animal Science, Rural Development Administration,
Wanju 53365, Republic of Korea, 4College of Veterinary Medicine,
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Many studies on microorganisms inhabiting soil have been focused on
bacteria that interact with plants. The bacteria associated with plants have
beneficial features such as promoting plant growth and enhancing
resistance to soil-borne pathogens. Recently, metagenomics approaches
have been adapted to study the plant microbiome. In our previous study
(Kwak et al. Nat. Biotechnol., 2018), we conducted a comparative
metagenomic analysis of the rhizosphere communities of the two tomato
cultivars, Moneymaker and Hawaii 7996, which are susceptible or
resistant to the bacterial wilt disease, respectively. As a result, we
confirmed that disease resistance can be caused by differences in the
rhizosphere microbiome, subsequently, we could isolate a novel strain
contributing to disease resistance based on the whole metagenome data.
Here, we attempted to isolate bacteria from the rhizosphere soil in order
to collect bacterial strains that inhibit tomato plant. The strains were
isolated in a number of different culture media, and identified by 16S
rDNA sequencing. The bacterial isolates will be important resources to
discovering beneficial strains for plants and will be used for studies to
understand function of the rhizosphere microbiome.
Keyword : Isolation of bacterial strain, bacterial wilt disease resistance,
rhizosphere microbiome
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Bovine coronavirus (BCoV) is an infectious pathogen associated with
diarrhea and is easily transmitted by the fecal-oral route in calves. The
BCoV is usually detected from feces and can lead to damage of the
mucosal layer and the intestinal epithelial cells. To date, it has been
unclear whether BCoV infection modulates the gut microbiota structure
in calves. In this study, we therefore investigated changes in the intestinal
microbiota between healthy and BCoV-infected calves. The fecal
samples were collected from 4 BCoV infected calves between the ages
of 2 and 33 days and 4 age-matched healthy control calves at the same
farm. Beta-diversity of bacterial communities revealed clear
distinctions between the healthy and BCoV-infected group. LEfSe
analysis exhibited that Clostridium butyricum, Clostridium perfringens,
Clostridium tarantellae, and Clostridium tertium (species in the class
Clostridia) were enriched in the BCoV-infected group. Whereas
Lactobacillus amylovorus, Lactobacillus gasseri, Lactobacillus panis,
and Lactobacillus rodentium (species in the class Bacilli) were more
abundant in the healthy group than in the BCoV-infected group. Our
results suggest that BCoV infection alters the structure of gut microbiota
in calves, especially bacteria included in the class Clostridia and Bacilli.
Lactobacillus species, which are prominently featured in healthy calves,
might be used as alternative agents for treatment of coronavirus infection
by improving the gut microbiota.
Keyword : Bovine coronavirus, gut microbiota, calves
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Effects of Fermented Feed by Probiotics on in vitro Rumen
Fermentation and Gas Production

Rapid Detection of E. coli Biofilm Based on Spectral Data of
Hyperspectral Fluorescence Imaging

Seul Lee, Jeong Hoon Lee, Sung Dae Lee, Youl Chang Baek, Konreddy
Eswar Reddy*
National Institute of Animal Science, RDA, Wanju 55365, Republic of Korea

Ah-yeong Lee, Giyoung Kim , Youngwook Seo, Saetbyeul Park,
Jinyoung Yu
Department of Agricultural Engineering, National Institute of Agricultural
Sciences, Jeonju 54875, Republic of Korea

This study aimed to evaluate the effects of fermentation time and
additional amount of inoculant for fermented feed. The fermented feed
is an old feed obtained by inoculating microorganisms, and contains with
diverse microbial cells. The valuable microbiome can be produced
through fermentation and the value of feed can be improved by this
process. The composition of nutrients feed were C.Protein 16.35%, C.Fat
4.62%, C.Ash 8.02%, NDF 34.16%, and ADF 20.83%. The inoculant
was powder microbial agent, provided from MIRU from Easybio
Company. The inoculants levels were added to the feedstuff 1%, 3%, and
5%, and fermented for 24, 48, and 72 hours at 35℃. It was implemented
similar to the actual feed fermentation process. After fermentation we
have analyzed the viable cell count of fermented feeds. We also examined
pH, NH3-N, total and individual VFA and A/P ratio of in vitro Hanwoo
rumen fluid samples after 24 hours of incubation. In the results,
particularly we have noticed L. acidophilus, S. cerevisiae species high
abundance in 48h, and 72h fermented feeds than the 0h and 24 h
fermented feeds. B. subtilis species didn’t show any significant
difference among the incubation periods. In the result of rumen fluid
incubation, dry matter degradability and gas production was high in 3%
inoculated feed.
Keyword : Fermented feed, inoculants, hanwoo
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Consumer demands for food safety are increasing. Escherichia coli is
a bacterium commonly used as an indicator of contamination in subjects
requiring cleanliness such as food or restaurants. Conventional E. coli
detection methods require a lot of time and have a limitation that they
depend on experts. Therefore, a technique is required which can inspect
in field in a short time, and an optical technology is used as an alternatives.
This study was conducted to detect biofilms formed by E. coli by
analyzing hyperspectral fluorescence images that have a spectral range
from 420 to 700nm. Multivariative analysis was performed to evaluate
the classification performance for HDPE, stainless steel(SS) surface and
un-infected surface. Also, selecting optimum wavelength for the biofilm
detection is performed. The classification performance was 100% when
linear discriminant analysis(LDA) was used for multivariative analysis.
Keyword : Hyperspectral fluorescence imaging, biofilm, multivariative
analysis
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Development of Rapiod Detection of Salmonella Typhimurium
Biofilm Using Spectral Data of Fluorescence Hyperspectral
Imaging
*

Youngwook Seo, Giyoung Kim , Ahyeoung Lee, Saetbyeul Park,
Jinyoung Yu
Department of Agricultural Engineering, National Institute of Agricultural
Sciences, Jeonju 54875, Republic of Korea

Rapid detection of food safety is emerging issue in agro-food safety area.
Golden standard for the foodborne bacterial pathogens likewise plating
counting is time-consuming and labor-intensive work. Salmonella
Typhimurium is gram-negative bacteria and food borne pathogen which
is easily infected by uncooked food. Hyperspectral imaging has been
applied to food safety because of its non-destructive and fast detection
capability. This study was performed to assess feasibility using spectral
data of hyperspectral imaging for detection of biofilm formed by
Salmonella Typhimurium. Spectral data of hyperspectral fluorescence
images were acquired and analyzed in the range of 420 to 700 nm to detect
and isolate Salmonella Typhimurium biofilm on HDPE and Stainless
steal (SS) surface. Multivariate analysis methods were applied to classify
the infected biofilm on the both plate material. PLS-DA showed
classification accuracy 0.93, kappa coefficient 0.83 from HDPE, SS and
un-infeceted biofilm. This study was carried out with the support of
"Research Program for Agricultural Science & Technology
Development (Project No. PJ012487)", National Institute of
Agricultural Sciences, Rural Development Adminstration, Republic of
Korea.
Keyword : Salmonella typhimurium, spectral analysis, biofilm
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Characterization of a Lytic Bacteriophage Pas-MUP-1 of
Pasteurella multocida

Analysis of the Gut Microbiota Related to Antibiotics Treatment in
Growing-Finishing Pigs
Hee Eun Jo1,2, Min-Sung Kwon1, Misun Yun1, Jieun Lee1, Mi-Young
Shin1,2, Sung-Hak Kim2*, Hak-Jong Choi1*
1
Microbiology and Functionality Research Group, World Institute of
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Chonnam National University, Gwangju 61186, Republic of Korea

Diarrhea in growing-finishing swine is a major factor that leads poor
productivity by delaying shipment, weakening growth performance, and
affecting mortality in the field. Since there are many risk factors cause
diarrhea such as virus, pathogenic bacteria, antibiotics, and neglectful
management, the use of antimicrobial agents is inevitable for the
treatment and prevention of diarrhea. Recently, emerging evidence has
shown that gut dysbiosis is relevant to antibiotics treatment in animals.
However, little is known regarding the correlation between antibiotics
appropriation and gut dysbiosis in growing-finishing pigs. Therefore we
analyzed the fecal microbiota of commercial pigs-administrated with
antibiotics compared to laboratory swine by 16S rRNA amplicon
sequencing. Microbial community was disrupted by antimicrobial
medication, with antibiotics administrated pigs showing the increase of
Firmicutes:Bacteroidetes ratio (p=0.001). LEfSe analysis revealed that
antimicrobial-associated dysbiosis is related to lacks in the relative
abundance of the polysaccharide degradation bacteria, including the
genera Treponema, Succinivibrio, Kineothrix, Fibrobacter, and
Clostridium_g19. Interestingly, the multiple opportunistic pathogens
including Clostridium butyricum, Terrisporobacter glycolicus, Corynebacterium
xerosis, and Escherichia fergusonii were detected in antimicrobial
medicated pigs. In conclusion, this study indicates that the antimicrobial
administration leads to gut dysbiosis with increase of opportunistic
pathogens and with decrease of fiber degradation bacteria in
growing-finishing pigs, suggesting that alternatives to antibiotics might
be considered in animal agriculture medicine.
Keyword : Antibiotics, gut dysbiosis, swine

Hyoung Rok Paik, Hyun-Joo Im, Seong-Jun Yoon, Soo-Youn Jun,
Sang-Hyeon Kang, Jee-Soo Son*
iNtRON Biotechnology, Inc., Room 903, JungAng Induspia V, 137,
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Pasteurella multocida is a Gram-negative, non-motile bacterium, which
is classified according to capsular polysaccharides into 5 types: A, B,
D, E, and F. In swine, P. multocida type A and D are mainly associated
with pulmonary diseases and atrophic rhinitis. A bacteriophage (named
as Pas-MUP-1) infecting P. multocida was newly isolated from domestic
livestock sewages. The bacteriophage Pas-MUP-1 has a typical
morphology of the members of the order Caudovirales, family
Podoviridae, with an isometric head (approximately 42 nm in diameter),
and a short tail (approximately 9 nm in length and 8 nm in width). The
genome of bacteriophage Pas-MUP-1 consists of a double-stranded
DNA of 39,497 bp with G+C content of 40.60%. In host range
experiment, bacteriophage Pas-MUP-1 showed a lytic ability against the
capsular type A strains of P. multocida tested, however, it was not able
to infect the capsular type D strains of P. multocida and other bacterial
species tested.
Keyword : Pasteurella multocida, Bacteriophage, antibacterial activity
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Characterization of a Lytic Bacteriophage Bor-BRP-1 of
Bordetella bronchiseptica

Potential Use of Lytic Phage Cocktail as Biocontrol Agent against
Bacterial Wilt

InHwang Kim, Hyun-Jin Yu, Hyoung-Rok Paik, Seong-Jun Yoon,
Soo-Youn Jun, Sang-Hyeon Kang, Jee-Soo Son*
iNtRON Biotechnology, Inc., Room 903, JungAng Induspia V, 137,
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Roniya Thapa Magar, Seon-Woo Lee*, Sung Yeup Lee, Hyo Jeong Kim,
Kihyuck Choi
Department of Applied Bioscience, Dong-A University, Busan 49315,
Republic of Korea

Bordetella bronchiseptica is a Gram-negative bacterium colonizing the
respiratory tract of mammalian hosts. Especially, B. bronchiseptica is the
main primary etiologic agent of atrophic rhinitis and bronchopneumonia
in pig and represents a major impact to swine health worldwide. In order
to secure a bacteriophage-based antibacterial agent useful in treating
respiratory disease caused by B. bronchiseptica, we endeavored to
isolate a lytic bacteriophage of B. bronchiseptica. As a result, a
bacteriophage capable of infecting and killing B. bronchiseptica was
isolated from the environmental samples collected from a pig farm. The
isolated bacteriophage was designated as bacteriophage Bor-BRP-1.
The bacteriophage Bor-BRP-1 has a typical morphology of Podoviridae
bacteriophage and the genome consisting of a double-strand DNA of
49,601 bp with G+C content of 45.76%. The antibacterial activity of
bacteriophage Bor-BRP-1 was examined against various pathogenic
bacteria. The bacteriophage Bor-BRP-1 exhibited a specific antibacterial
activity against B. bronchiseptica strains among the tested bacterial
pathogens.
Keyword : Bordetella bronchiseptica, bacteriophage, antibacterial
activity
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Bacteriophage-based biocontrol is a promising re-emerging strategy
against diverse plant pathogenic bacteria. In this study, we investigated
bacteriophages infecting Ralstonia solanacearum causing bacterial wilt
in Solanaceous plants. Some of the distinct phages ФR1 and ФR2, were
characterized as a member of Podoviridae family, with a broad host
range. Whole genome analysis demonstrated that phage ФR1 possess
ca. 40 kb double strand DNA genome. Phage ФR1 was found to be more
stable at lower temperature, at basic or neutral pH, and unveiled short
latent period and small burst size. The phage ФR1 survived well over
7 months in phage lysate. Both phages, ФR1 and ФR2 were stable in
8
upland and nursery soil. Treatment of phages ФR1 and ФR2 at 10 pfu/g
of soil either as individual or by cocktail in the rhizosphere of tomato
cultivar Zuiken uncovered biocontrol activity against bacterial wilt.
Correspondingly, 10-fold dilution of both phages from previous
experimental setup were also able to suppress the plant disease. Recently,
we are investigating the biocontrol potential of these phages cocktail in
combination with various adjuvants and the population of active phages
and R. solanacearum in the tomato rhizosphere.
Keyword : Phage cocktail, biocontrol, Ralstonia solanacearum

I-11

Tomato Plant Beneficial Flavobacterium Species and Its Effect on
Rhizosphere Microbial Community

Eco-Friendly and Effective Bacteriophage to Control Bacterial
Wilt Disease
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Republic of Korea

The rhizosphere microorganisms play a crucial role for plant functions
such as plant growth. In the previous research, a novel Flavobacterium
species TCH3-2 strain isolated from tomato rhizosphere was used in this
study. To test plant growth promotion (PGP) effect, we treated the strain
to germinated tomato seedlings and planted the seedlings into both
non-sterilized and sterilized upland soil. Tomato plants grown for five
weeks in the non-sterilized soils showed the significantly increased fresh
weight and dry weight of tomato plants, whereas tomato plants growth
in sterilized upland soil displayed no significant difference by the
treatment. Moreover, the tomato plants inoculated by the strain showed
the remarkably earlier flowering and produced more fruits compared to
the non-treated control. In order to investigate the effect of the treatment
of the strain on the rhizosphere microbiome, we analyzed 16S rRNA
amplicon data generated by MiSeq using the QIIME pipeline. The
rhizosphere microbiome treated with the strain TCH3-2 showed no
significant difference (p=0.367) that with the non-treated control,
however, the relative abundance of certain group of bacterial families
was significantly different between the treatment of the strain and
non-treatment control.
Keyword : rhizosphere microbiome, Flavobacterium, PGP

Bacteriophage has been considered as an alternative way for controlling
bacterial disease. Seventy-two phages were isolated from the field soils
cultivating various crops using 5 different strains of R. solanacearum
causing lethal wilt on Solanaceae plants. We divided these 72 phages
into ten distinct groups based on their host range and plaque size by
principal component analysis. Four representative phages were further
characterized for their morphology, genomic characteristics, and
stability at various temperatures and pH. Three phages were typical
members of podoviridae with double strand DNA genome, and one
phage was a typical member of inoviridae containing single strand DNA
genome. Phage application into soils with tomato plants exhibited
bacterial wilt prevention. In order to apply the bacteriophages as a
biological control agent to the arable field, we tested the effect of
bacteriophages on soil microbial community by analyzing of 16S rRNA
amplicons. Application of a specific phage into tomato rhizosphere did
not affect bacterial community structure compared to non-treatment
control, although relative abundance of a few specific bacteria taxa has
been altered. These results suggest that phages in this study may be
suitable for controlling bacterial wilt in tomato plant.
Keyword : Bacteriophage, Ralstonia solanacearum, biological control
agent
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Comparison of Bacterial Community Composition in Rumen Fluid
of Hanwoo Steers Fed High and Conventional Nutrients

Co-Culture of a Lactic Acid Bacterium and a Cellulose-Degrading
Bacterium for Use as Silage Inoculants

Seul Lee, Sung Dae Lee, Jin Young Jeong, Sang-Yun Ji, Youl Chang Baek,
Hyun-Jeong Lee, Konreddy Eswar Reddy*
National Institute of Animal Science, RDA, Wanju 55365, Republic of Korea

Hyun-jin Sung, Yu-Jin Kim, Incheol Park, Jaehong You, Byeong-Hak
Han, Jae-Hyung Ahn*
Agricultural Microbiology Division, National Institute of Agricultural
Sciences, RDA, Jeollabuk-do 55365, Republic of Korea

Bacterial community compositions were associated significantly with
high nutrients and grain-based concentrations in their rumen. In this
study, twenty four growing Hanwoo beef cattle allocated as two groups
(n =12); 1) conventional, and 2) High nutrients (high CP and TDN)
dietary groups, and were used for applied metatranscriptomics to
describe the active rumen microbiomes by using total RNA sequencing.
We have identified a total of 988,563 cleaned high-quality sequences
from the both dietary rumen fluid samples. Overall, the abundance of
community compositions in the microbial populations and operational
taxonomic units (OTUs) shown significant differences with reference
to feed efficiency group. Bacteroidetes, Firmicutes and Proteobacteria
were the major phyla in both dietary groups. At the genus level,
Prevotella, Succiniclasticum, Succinivibrio, Ruminococcus, Erysipelothrix,
and Selenomonas were represented by more than 1% of total sequences
and were differed (P ≤ 0.05) in high nutrients and conventional dietary
groups. Mainly, most of the genera in the phylum Firmicutes showed
higher abundances in the high CP and TDN dietary group than the
conventional group. But, few of the genera were not showing any
significant changes between the 0 and 3 hour rumen fluid samples of both
dietary groups. Overall, the consequences from the present study
highlight the possibility to improve nutrient utilization and increase feed
efficiency through altering rumen microbial functions.
Keyword : Beef cattle, rumen bacteria, high nutrients
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In the previous study we isolated a fast-growing lactic acid bacterium
Lactobacillus sp. 5-1 and a cellulose-degrading anaerobic bacterium
Cellulosilyticum sp. WCF-2 for use as silage inoculants and showed that
co-inoculation of the two bacterial strains can improve preservability and
digestability of silage. While methods for mass culture of lactic acid
bacteria are well established, no popular method has been developed for
mass culture of absolutely anaerobic bacteria such as Cellulosilyticum
sp. WCF-2. We found that strain WCF-2 absolutely requires carbon
dioxide as well as anaerobic condition for growth, which would increase
cost for cultivation of the strain. We hypothesized that if the facultatively
anaerobic bacterium strain 5-1 grows under static condition with an
appropriate substrate, it will exhaust oxygen in the medium and produce
carbon dioxide, which in turn will provide the growth condition for strain
WCF-2. Under the optimized condition, where strains 5-1 and WCF-2
were co-cultured with 4 g/L of starch (from potato) and 1 g/L of glucose
as substrates under static condition, the cell numbers reached 3.5×108
8
cells/ml and 5.7×10 cells/ml, respectively after 4 day-incubation. Thus
this method is expected to be a cheap and simple method for the
cultivation of the two strains for use as silage inoculants.
Keyword : Silage, bacteria, co-culture

I-15

Effect of Tillage on Soil Carbon Sequestration and Microbial
Community in an Organically-Cultivated Corn Filed
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Giyoung Kim, Youngwook Seo, Ahyeoung Lee, Saetbyeul Park, Jinyoung Yu
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Sciences, Jeonju 54875, Republic of Korea

Bacteria are very common cause of food poisoning. Conventional
detection methods for the foodborne bacterial pathogens including
plating counting, enzyme-linked immunosorbent assay (ELISA), and
polymerase chain reaction (PCR) assays require a lot of time and efforts.
A rapid inspection technique for detection of foodborne bacterial
contamination of produce processing facilities is needed to improve
agro-food safety. Hyperspectral imaging has been applied to food safety
because of its non-destructive and real-time detection capability. This
study was performed to assess feasibility of using hyperspectral imaging
for detection of biofilm formed by E. coli.. Hyperspectral fluorescence
images were acquired and analyzed from 420 to 700 nm to identify an
optimum wavelength for the biofilm detection. At the optimum
wavelength of 485 nm, the biofilm on the HDPE surface that contains
2
log 3.65 CFU/cm of E.coli. was successfully classified.
Keyword : biofilm, hyperspectral imaging, E.coli.
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Soil carbon sequestration is to store atmospheric carbon dioxide, a major
contributor to climate change, as stable organic or inorganic carbon in
soil. While reduced or no tillage is known to increase soil carbon
sequestration, the roles of soil microorganisms in soil carbon sequestration
are now being explored. In this study, we investigated the effect of tillage
on soil carbon sequestration and soil microbial community in an
organically-cultivated experimental corn field where tillage or no tillage
has been practiced for about three years. Tillage decreased soil pH from
6.5 to 5.9 and soil carbon content from 18.3 to 12.4 mg/kg soil. It also
decreased the numbers of culturable fungi and bacteria, the amount of
soil RNA and DNA, and the copy numbers of total bacterial 16S rRNA
gene and fungal ITS, indicating that tillage has adverse effects on soil
microbial abundance. In terms of microbial community structure, tillage
decreased the species richness and diversity of bacterial and fungal
communities and changed the taxonomic distributions of bacteria and
fungi. Notably, tillage significantly decreased the relative abundance of
Glomeromycota, the members of which are known to be arbuscular
mycorrhizal fungi and contribute to soil carbon sequestration. These
results suggest that tillage, while having many advantages for crop
cultivation, can have adverse effects on soil carbon sequestration and
soil microbial community.
Keyword : Carbon sequestration, soil, microorganism

Detection of E.coli. Biofilms on Processing Equipment Surfaces
Using Fluorescence Hyperspectral Imaging
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Bactericidal Effect of a Novel Aeromonas hydrophila-Specific
Phage

Effect of Cheese Supplemented with Bifidobacterium longum
KACC 91533 on Fecal Microbiota in Dogs
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Aeromonas hydrophila is one of emerging pathogens associated with
fresh produces. This study investigated the novelty of A. hydrophilaspecific (AH) phage and its employment on lettuce for A. hydrophila
reduction effect. Genomic DNA of AH phage was extracted and
sequenced by using an Next Generation Sequencing system. The mixture
of AH phage and bacteria was incubated at MOIs of 0.1, 1.0, 10, and 100
for meausring the OD at 2-h interval for 12 h. A. hydrophila suspension
was then inoculated on the surface of UV-treated lettuce, followed by
the treatment of AH phage at the MOI of 100. Finally, the number of A.
hydrophila was counted at 2 h interval using an Aeromonas selective
media. The complete genome of AH phage possessed 41 kbp DNA (GC
content of 50.06%). Comparative analysis of AH phage confirmed the
novelty of AH phage due to its low similarity (88.8%) with
Strenotrophpmonas phage IME15. AH phage effectively inhibited the
bacterial growthup to 6 h. The number of A. hydrophila on the lettuce
was reduced after 2-h treatment and thensustained up to 8 h, which was
significantly lower than control (p<0.05). This study demonstrated that
AH phage ensure significant reduction of A. hydrophila on fresh
produces.
Keyword : Aeromonas hydrophila, bacteriophage, bactericidal effect
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Bacterial fruit blotch (BFB) is an economically important bacterial
disease that has caused huge economic losses in melon and watermelon
crops around the world. There is no commercially available cultivars
resistance to this disease caused by bacteria Acidovorax citrulli. Mainly,
two genotypes (genotype I and II) are reported in A. citrulli and the
genotype II is the main causal agent of BFB in watermelon that is major
problem in Korea. In this study we have isolated more than 50
bacteriophages infecting A. citrulli from watermelon leaf samples
collected from different parts of Korea. Among all isolated
bacteriophages, a bacteriophage with wide host ranges named as
ACPWH were further characterized. ACPWH is a bacteriophage from
Siphoviridae family with head size of 60±5 nm and tail of 180±5 nm and
it is able to infect 39 A. citrulli strains. Genome analysis of bacteriophage
ACPWH showed that it has genome size of 42.499 with GC content of
64.44%. In order to test protection activity of ACPWH, we aim to coat
watermelon seeds with bacteriophages. In planta assay results showed
that the germination rate of watermelon seeds coated with the
bacteriophage ACPWH was up to 80% in the presence of A. citrulli
contrast to untreated seed showing no germination or germinated
juveniles with BFB symptoms in the presence of A. citrulli. Also, these
germinated plants showed 100% survival in A. citrulli treated soil
implying possible use of these phages as an effective bacteriophage
biocontrol to prevent BFB.
Keyword : Bacteriophage, bacterial fruit blotch, bio-control
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Cheese supplemented with probiotic bacteria has been used to provide
potential health benefits. However, little is known about the fecal
microbiota composition as affected by cheese with bifidobacterial
strains in dogs. Therefore, we aimed to characterize the fecal microbiota
in dogs fed the diet including cheese supplemented with Bifidobacterium
longum KACC 91533 in dogs. Twelve Beagle dogs (4.0±1 years) were
randomly assigned to control diet (C; n=4), control diet + Queso Blanco
cheese (Q; n=4), or control diet + Queso Blanco cheese supplemented
with B. longum KACC 91533 (QB; n=4). Rectal swab samples were
collected from the 12 Beagle dogs on 8 weeks of treatment and then used
to extract total community DNA. The composition of fecal microbiota
in dogs was evaluated by 16S rRNA gene amplicon sequencing on the
MiSeq platform. A total of 409,156 bacterial sequences were analyzed
from the 12 samples using the QIIME software package 1.9.1. Firmicutes
and Bacteroidetes were the first and the second predominant phyla in
all 3 groups, respectively. At the genus level, both Collinsella and Blautia
were greater (P < 0.05) in the C group than in the other 2 groups.
Fusobacterium was lower (P < 0.05) in the QB group than in the other
2 groups. Although Bifidobacterium did not significantly differ among
the 3 groups, Bifidobacterium was about 2-fold greater in the QB group
than in the other 2 groups, indicating that B. longum KACC 91533 might
settle down well in the gut of dogs. Since these 3 genera are pathogenic
bacteria, supplementation of the cheese containing B. longum KACC
91533 seems to reduce fecal pathogens and improve gut health in dogs.
Keyword : Bifidobacterium longum KACC 91533, dogs, fecal
microbiota

I-19

I-21

The Effect of Biofertilizers Containing Plant-Growth Promoting
Rhizobacteria on Seedling Quality of Rice

Effect of Pectobacterium carotovorum-Specific Bacteriophage
Cocktail to Control Soft Rot Disease in Three Crop Models

Suna Chung, Chang Seok Bang, Seong Heo, Woo Yeol Kim, Shin Kuk Kim
Ganghwa Agricultural Technology service Center, Ganghwa-gun, Incheon
23038, Republic of Korea
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There are many reported effects of biofertilizers which contains living
microorganisms on crops and soil environment. Through the use of
biofertilizers, it can be expected to stimulate plant growth, increase crop
yield, improve corp quality etc. Therefore, several beneficial bacteria,
including Bacillus spp. and Rhodobacter spp., are widely used for
farming as biofertilizers these days. Plant growth promoting rhizobacteria
(PGPR) as biofertilizers are very useful for farming, so the use of it is
stedaily increasing in agriculture. However, there are several difficulties
in using PGPR in the field. In the case of rice cultivation, larger amount
of water and plant-growth promoting bacterial products should be
needed during cultivation period than vegetables cultivation under
greenhouse conditions. On the other hand, it is relatively easier to use
PGPR to grow vegetables in greenhouses. So this study was conducted
to investigate the effect of PGPR on seedling quality of rice and to suggest
a simple way to use PGPR for rice cultivation. In this study, two PGPR
strains, Bacillus subtilis and Rhodobacter capsulatus, were used as
biofertilizers. After germination forcing, rice seeds (cultivar Matdeurim
cultivated in Ganghwa county) were soaked in 2% mixture of two strains
for two hours. Seedling quality of rice was investigated at transplanting
time. Biofertilizers treatments had significant effect on root dry weight.
-1
-1
Root dry weight increased from 1.2g-1 plant to 3.4g
plant . Shoot dry
-1
weight also increased from 1.7g plant to 1.9g plant under seed soaking
treatment with PGPR, but plant height was shorter than no treatment.
So seed soaking in PGPR dillution can be a way to improve the seedling
quality of rice.
Keyword : Biofertilizer, plant growth promoting rhizobacteria, seedling
quality
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Pectobacterium carotovorum (Pc) producing plant cell wall-degradingenzymes (PCWDE) causes a soft rot disease in plant tissues. Antibiotics
and copper-based pesticides have been extensively applied since the
1950s to prevent the soft rot in various crops, but the emergence of
resistant bacteria and demands on harmless antimicrobials open a new
way to use a bacteriophage cocktail as an alternative therapeutic strategy.
We developed a phage cocktail that consisted of four Pc-specific phages
recognizing colanic acids, lipopolysaccharides, or flagella as phage
receptor. Compared with the phage-untreated group, treatment of the
3
phage cocktail at an MOI of 10 significantly retarded growth of
artificially inoculated Pc in Chinese cabbage, potato, and carrot models
(P < 0.05). Among 10 spontaneous phage-resistant Pc isolates from
high-titer overlay assays, one isolate resistant to each component of the
cocktail showed a decreased activity of four different PCWDEs.
Consequently, the symptoms of soft rot disease were barely developed
by this resistant isolate in Chinese cabbage. Therefore, the phage cocktail
developed in this study could be used as a promising biological pesticide
to prevent the Pc-caused soft rot disease in agricultural crops.
Keyword : Pectobacterium carotovorum, bacteriophage cocktail,
biological pesticide
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Exploring the Microbiota from Bovine Organ Tissue with
Unknown Disease of Unknown Etiology by Amplicon Sequencing
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Transcriptional Landscape of Phenotypic Variation in P. polymyxa
E681 by RNA Sequencing
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Bovine downer syndrome and abortion are occurred by bacterial and
viral pathogen which cause encephalitis and fever. But, even if there is
no etiological reason, these diseases can still occur and result in economic
damage. Despite the common methods to identify the etiological reasons
i.e. PCR using diagnosis marker and pathogen isolation, it is still
insufficient to identify etiological reasons. In this study, we explored
microbiota from the bovine tissue with unknown disease by amplicon
sequencing. A total 1,916 OTUs were detected from the bovine organ
tissue with unknown disease. Moreover, a higher percentage of
pathogenic bacteria and number of disease related gene were detected
in one adult bovine and two aborted bovine fetuses than others. Also,
these bovine samples showed lower alpha diversity compared with
others. Furthermore, all bovine microbiota of organ tissue with unknown
disease were clustered separately based on the percentage of pathogenic
bacteria. To investigate correlation between metadata used in microbiota
analysis, Spearman’s correlation was performed and the results revealed
that aborted bovine fetus and adult bovine were positively correlated with
percentage of pathogenic bacteria and Clostridium genus, respectively.
Keyword : Bovine unknown disease, microbiota, amplicon sequencing

Paenibacillus polymyxa forms endospores that are dormant and highly
resistant. We found that P. polymyxa E681 changed to a sporulationdeficient phenotype prior to lysis in culture, this variant demonstrated
altered colony and cell morphology, motility, antagonism against fungi and
bacteria, and biofilm formation. To better understand the physiological
changes underlying this phenotypic variation, we employed an RNA-seq
approach to compare genome wide patterns of gene expression.
RNA-Seq revealed that the variant exhibited differential gene regulation
in many cellular functions, including sporulation, flagella synthesis,
carbohydrate metabolism, environmental information processing and
antimicrobial production.
Keyword : Phenotypic variation, RNA-seq, endospore-formation
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LysSAP33, a Novel Endolysin Derived from Bacteriophage, Kills
S. aureu Efficiently with a Biofilm Control.

Physicochemical Properties and Microbial Communities of Gul
Jeotgal (Oyster Jeotgal)
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Department of Food and Biotechnology, Gachon University, Sungnam
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Developing resistance of S. aureus to multiple antimicrobial agents and
their dispersing are globally serious problems on food area.
Unfortunately, most of resistant bacteria in foodstuff is caused by the
inherent characteristic of forming biofilm. Bacteria embedded in the
biofilm matrix show higher resistance to the antimicrobial agent like
antibiotic and bacteriocin than planktonic bacteria, because of limited
access. To control biofilm, we isolated endolysin LysSAP33 from
bacteriophage infecting S. aureus. LysSAP33, a novel endolysin, had
small molecular weight and only one domain (CHAP) unlike most of
endolysin derived from gram-positive infecting bacteriophage. We
characterized LysSAP33 and confirmed lytic spectrum of it. Also,
biofilm reducing activity of LysSAP33 was analyzed. This lysin had
broad host spectrum including MRSA and other staphylococci strains.
Furthermore, it had maintained their lysis activity at various temperature
and NaCl concentration. Biofilm reducing assay showed LysSAP33
could kill S. aureus embedded on biofilm better than normal endolysin
LysSAP8. With this results, we could predict that the size of LysSAP33
might contribute the lytic activity of cell in biofilm. In this study, we
confirms the potential of LysSAP33 as a biocontrol agent of S. aureus.
Keyword : Bacteriophage endolysin, Staphylococcus aureus, biofilm
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Metagenomic Analysis of Microbiota in Beef Stored at Different
Temperature over Time

Male Castration Alters the Gut Microbiota, Leading to Increased
Levels of BCAAs and Adiposity
*

Hye Lim Choi, Bo Kyoung Hwang, Han Hyeok Im, Duhyun Ko, Sang Ho Choi
Department of Agricultural Biotechnology and Center for Food Safety and
Toxicology, Seoul National University, Seoul 08826, Republic of Korea

Outbreaks of foodborne illnesses in fast-food chains are commonplace
nowadays and controlling foodborne pathogens is becoming crucial for
food safety issues. Even beef processed in a completely sanitary
environment can get exposed to foodborne pathogens during delivery.
Therefore, analyzing the microbiome of beef with various metagenomic
tools may help understand the risk of food poisoning and offer a better
way to manage beef products. A controlled infection experiment was
conducted with the Escherichia coli FORC_044, an Enterohemorrhagic
E. coli (EHEC) strain isolated from the stool of a food-poisoned patient
in Korea. When the beef was stored at refrigeration temperature (4℃)
and room temperature (25℃) for 24 hours, the proportion of E. coli in
infected beef decreased over time at 4℃ but increased at 25℃.
Co-occurrence network analysis conducted by SAS and Cytoscape
showed that Escherichia has a positive correlation with the genera
dominantly present in beef. Shifts of possible functions, predicted using
Qiime2 and PICRUSt2, were observed over storage time. This analysis
showed changes of pathways and functional genes that are related to the
growth of bacteria in beef. These combined results suggest the
metagenomic explanation for a proper storage temperature of beef to
avoid the growth of spoilage bacteria. However, the interaction between
Escherichia and other microbiota in beef could lead to spoilage and
increase the potential risks of food poisoning even at 4℃. Thus, any
distribution of beef products that are suspected to be contaminated by
foodborne pathogens is ill advised in light of food safety. (Supported by
grants (14162MFDS972, 19162MFDS037) from Ministry of Food and
Drug Safety in 2019.)
Keyword : Metagenomics, food safety, beef microbiota
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Gul (oyster) jeotgals (GJs) were prepared with solar salt aged for 3 years
(9%, w/v). One set of GJs were fermented with Bacillus subtilis JS2 and
Tetragenococcus halophilus BS2-36 (106 CFU/g), and another set
without starter. During fermentation for 49 days at 10℃. Viable cell count
6
7
of starter GJ was showed 3.80 × 10 CFU/g (Bacilli) and 3.30 × 10 CFU/g
(LAB) and non-starter GJ showed 1.37 × 103 CFU/g (Bacilli) and 1.64
6
× 10 CFU/g (LAB). pH of GJs decreased and TA value of GJs increased
during fermentation. Amino-type nitrogen (ANN) contents of GJs
increased continuously during fermentation. Starter GJ showed higher
than non-starter GJ sample from day 28 until the day 42
(376.08±7.26~412.68±1.58 mg%). 16S rRNA clone libraries were
constructed from total DNA prepared from non-starter GJ sample at day
7, 21, and 42. 16S rRNA genes were amplified by using universal primers
(27F, 1492R) and cloned into T-vector. Sequences of E. coli
transformants were determined by BLAST. Bacillus amyloliquefaciens
was observed at day 7. Bacillus velezensis was observed at day 21 and
42, and Bacillus subtilis was observed at day 42.
Keyword : Gul Jeotgal, solar salt, clone library
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Castration of a young male of beef cattle results in a subsequent onset
of the obese phenotype and improved meat tenderness of the carcass.
However, understanding of the effect(s) of hypogonadism on host
metabolism is scarce. Here, we used metagenomic and metabolomic
approaches to evaluate the intestinal microbiota and host metabolism in
male, castrated male (CtM), and female cattle. After pubescence, the
CtM cattle harbored distinct ileal microbiota dominated by the family
Peptostreptococcaceae, and exhibited distinct serum and muscle amino
acid profiles (i.e., high abundance of branched-chain amino acids), and
increased extra- and intramuscular fat storage. Castration of male mouse
phenocopied both the intestinal microbial alterations and obese-prone
metabolism observed in cattle. Antibiotic treatment and fecal microbiota
transplantation experiments further revealed that the intestinal microbial
alterations associated with hypogonadism are a key contributor to the
obese phenotype in the CtM animals.
Keyword : Castration, Peptostreptococcaceae, BCAAs
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Tobacco Growth Promotion by the Entomopathogenic Fungus,
Isaria javanica pf185
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Isaria javanica pf185 is an important entomopathogenic fungus with
potential for use as an agricultural biocontrol agent. However, the effect
of I. javanica pf185 on plant growth is unknown. Enhanced tobacco
growth was observed when tobacco roots were exposed to spores,
cultures, and fungal cell-free culture supernatants of this fungus.
Tobacco seedlings were also exposed to the volatiles of I. javanica pf185
in vitro using I-plates in which the plant and fungus were growing in
separate compartments connected only by air space. The length and
weight of seedlings, content of leaf chlorophyll, and number of root
branches were significantly increased by the fungal volatiles. Heptane,
3-hexanone, 2,4-dimethylhexane, and 2-nonanone were detected, by solidphase micro-extraction and gas chromatography-mass spectrophotometry,
as the key volatile compounds produced by I. javanica pf185. These
findings illustrate that I. javanica pf185 can be used to promote plant
growth, and also as a biocontrol agent of insect and plant diseases. Further
studies are necessary to elucidate the mechanisms by which I. javanica
pf185 promotes plant growth.
Keyword : Entomopathogenic fungi, plant growth, volatile compounds
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1-Aminocylopropane-1-Carboxylyic Acid Deaminase-Producing
Bacteria Related to Environmental Stress
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In this study, isolated stains from soil samples collected from Busan,
Changwon and Jeju Island were examined to confirm their abilities of
phosphate solubilization and nitrogen fixation and productions of
indole-3-acetic acid (IAA), siderophore, and 1-aminocylopropane-1
-carboxylyic acid (ACC) deaminase to select those isolated strains which
can promote plant growth and play the role of biocontrol. These isolated
strains are expected to help plant growth by directly improving the
absorption of nutrients essential to phosphate solubilization and nitrogen
fixation. In addition, they can promote plant growth and control plant
diseases through extracellular enzyme activity and antifungal activity.
Also, most of the selected strains were found to survive under various
environmental conditions such as temperature, salinity and pH.
Therefore, Pseudomonas plecoglossicida ANG14, Pseudarthrobacter
equi ANG28, Beijerinckia fluminensis ANG34, and Acinetobacter
calcoaceticus ANG35, which were finally selected through comparative
advantage analysis to suggest their potential as new biological agents.
Keyword : 1-Aminocyclopropane-1-carboxylic acid deaminase, indole
acetic acid, phosphate solubilization

I-30

Role of Polyamine in Growth and Biocontrol Capacity of
Pseudomonas chlororaphis O6

Isolation and Characterization of Various Strains of Bacillus sp.
Having Antagonistic Effect Against Phytopathogenic Fungi
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This study was carried out to examined the antagonistic effect against
phytopathogenic fungi on isolated strains from soil samples collected
from Busan, Changwon and Jeju Island. According to the results, isolated
strains showed antagonistic effect against phytopathogenic fungi. Such
antagonistic effect against phytopathogenic fungi occurs due to the
production of siderophore, antibiotic substances, and extracellular
enzyme activity such as amylase, cellulase, protease, and xylanase.
Especially, the extracellular enzymes produced from isolated strains has
a significant meaning, given that they inhibit the growth of
phytopathogenic fungi by causing bacteriolysis on the cell wall of plant
pathogenic fungi to breaks down cell walls and help plant growth by
converting macromolecules which cannot be used by plant for growth
into small molecules. In addition, they are expected to be used as
biological agents to promote plant growth and inhibit phytopathogenic
fungi growth through nitrogen fixation ability, Indole-3-acetic acid
production ability, siderophore production, and extracellular enzyme
activity. Therefore, this study suggested the possibility of using Bacillus
subtilis ANGa5, Bacillus aerius ANGa25, and Bacillus methylotrophicus
ANGa27 as new biological agents.
Keyword : Extracellular enzyme, plant growth promoting rhizobacteria,
siderophore
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The Gac/Rsm network regulates, at the transcriptional level, many
beneficial traits in biocontrol-active pseudomonads. In this study, we
used Phenotype MicroArrays, followed by specific growth studies and
mutational analysis, to understand how catabolism is regulated by this
sensor kinase system in the biocontrol isolate Pseudomonas chlororaphis
O6. The growth of a gacS mutant was decreased significantly relative
to that of the wild-type on ornithine and arginine, and on the precursor
of these amino acids, N-acetyl-L-glutamic acid. The gacS mutant also
showed reduced production of polyamines. Expression of the genes
encoding arginine decarboxylase (speA) and ornithine decarboxylases
(speC) was controlled at the transcriptional level by the GacS sensor of
P. chlororaphis O6. Polyamine production was reduced in the speC
mutant, and was eliminated in the speAspeC mutant. The addition of
exogenous polyamines to the speAspeC mutant restored the in vitro
growth inhibition of two fungal pathogens, as well as the secretion of
three biological control-related factors: pyrrolnitrin, protease and
siderophore. These results extend our knowledge of the regulation by
the Gac/Rsm network in a biocontrol pseudomonad to include polyamine
synthesis. Collectively, our studies demonstrate that bacterial polyamines
act as important regulators of bacterial cell growth and biocontrol
potential.
Keyword : Gac/Rsm network, metabolic phenotypes, putrescine
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We evaluated the spread of antimicrobial resistance among the
Escherichia coli strains from fresh vegetables and farm environments
in South Korea. We phenotypically characterized and assessed
antimicrobial-resistant strains among farm- and farm environmentorigin isolates. We performed genetic epidemiological characterization
of extended-spectrum beta-lactamase (ESBL) isolates and confirmed
plasmid transferability of blaCTX-M- harboring-isolates. From May
2014 to June 2016, 8 vegetable-origin and 152 environment-origin E.
coli strains were isolated. Cephalosporin resistance was most prevalent
(61.8%). Five ESBL-producing E. coli strains were obtained, their
genetic environments displaying high similarity to human- or
livestock-origin. These plasmid-harbored CTX-M-type genes were
laterally transferred successfully. Two isolates harboring IS26-tnpAISEcp1-blaCTX-M-55-orf477 from Chinese cabbage and nearby
stream water were of sequence type 1196 and the same plasmid replicon
types, suggesting a high possibility of cross-contamination. High-risk
clone ST69 (clonal complex 69) also was obtained from the vegetable
farm. To effectively inhibit the spread of antimicrobial resistance from
hospital or livestock environments to fresh vegetables, Good
Agricultural Practice is important. This study provides genetic evidence
that antimicrobial resistance factors in E. coli in the farm environment
could be directly transferred from clinical and livestock environments.
Keyword : Antimicrobial resistance, extended-spectrum beta-lactamase,
CTX-M genetic environment

538

J_Environmental Biotechnology
J-1

J-3

Valorization of Lignin Waste Residue Generated During Biosugar
Production Process

p-Coumaric Acid as a Substrate for the Production of Bioplastic by
Comamonas testosteroni Strain P19
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Lignocellulose biomass can be used for biosugar production using many
different pretreatment technologies. During physico-chemical
pretreatment and enzymatic saccharification processing, lignin residue
is generated as waste materials. Currently, lignin residue is being used
for simple combustion. In this study, various lignin residues were
valorized for the production of biopolyol using thermochemical
conversion. In order to enhance the efficiency of lignin valorization
process, two-step thermochemical liquefaction procedure was
developed and optimized based on sub-sequential utilization of acid and
base catalysts. The biopolyols were used for biopolyurethane
preparation, and their thermochemical properties were determined using
TGA, FT-IR and etc.
Keyword : Lignin, biopolyol, biopolyurethane

The bacterium Comamonastestosteroni strain P19 was originally
isolated forits ability to degrade biphenyl and exhibited remarkable
versatility inbiodegradation of several aromatic compounds. The ability
of the strain P19 to produce PHA(polyhydroxyalkanoate) from
p-coumaric acid was verified by Sudan black B staining and transmission
electron microscopy. Cell growth occurred with production of PHA on
2 mM of p-coumaric acid. The appropriate concentration, incubation
times, pH andtemperature for the maximum PHA production were found
to be 2mM, 32h, pH 7 and 30 ℃,respectively. The transcription of phaC
encoding PHA synthase wassignificantly up-regulated when strain P19
was grown under nitrogendeficient condition. The polymer extracted
from strain P19 was characterized byfourier-transform infrared, thermal
gravimetric analysis and differential scanningcalorimeter. Carbonyl
C=O and methylene C-H peak of PHA polymer synthesized bystrain P19
-1
-1
were located at 1735.5 cm and 2921.92 cm ,respectively. This result
suggested that polymer extracted from strain P19 was ashort-chainlength monomer and a medium-chain-length hydroxyalkanoatecopolymer. The TGA curve demonstrated the initial decomposition
temperaturesat 2% and 5% for weight loss of co-polymer were found
as 209℃ and237℃. Co-polymer synthesized by P19 exhibited three
melting temperaturevalues (32.88, 152.67 and 180.78℃), two glass
transition temperaturevalues (-62.43℃ and -19.79℃), and onecrystallization
temperature value (146.94℃).
Keyword : p-coumaric acid, Comamonas, polyhydroxyalkanoate
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1,3-propanediol (PDO) is an organic compound with many commercial
applications. Conventionally, PDO is produced from crude oil products.
However, DuPont are investing in the biological production of PDO
using renewable feedstocks instead of petrochemicals such as corn. PDO
has numerous applications from polymers to cosmetics, foods,
lubricants, and medicines. Recently, PDO has come under spotlight as
a cosmetic moisturizer is much better moisturizing power than
petrochemical products such as propylene. In this study we investigated
an aerobic fermentation process using Klebsiella pneumoniae to produce
PDO. K. pneumoniae is well known to converts glycerol into PDO with
continuous feeding of crude glycerol. We researched the optimizing
fermentation and separation process in lab-scale for the production of
PDO as a raw material for cosmetics derived from crude glycerol.
Keyword : 1,3-Propanediol, cosmetic moisturizer, crude glycerol
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This study first evaluated the feasibility of using a silicon carbide (SiC)
anaerobic ceramic membrane bioreactor (AnCMBR) to co-manage
domestic wastewater (DWW) and food waste recycling wastewater
(FRW). From a lab-scale flux test, a SiC membrane was chosen for the
pilot-scale AnCMBR because it showed a lower flux decline than an
alumina membrane. A pilot-scale SiC AnCMBR was operated for 140
d under different organic loading rate (OLR) conditions (OLR 5 and OLR
3). The organic removal efficiency was 93.5 ± 3.7 % throughout the
operational period. Methane production increased significantly after
sludge re-seeding. rDNA and rRNA microbial results showed that the
active archaeal communities were affected by the sludge re-seeding,
whereas the active bacterial communities were not, suggesting that a shift
in the active archaeal communities was responsible for the increased
methane production. Our results suggest that SiC AnCMBR could be
a promising option for co-managing DWW and FRW.
Keyword : Ceramic membrane, food wastewater, anaerobic MBR
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Microbiome Analysis of Dye Wastewater Treatment Process in a
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The purpose of this study was to investigate the mechanism of azo dye
degradation process in a full-scale dye wastewater treatment plant
through bioaugmentation of the composite microbial culture (CES-1)
at the levels of functional genes and microbial community structures.
The wastewater treatment system was composed of multiple processes
including influent (I), buffering (B), primary aeration (PA), primary
sedimentation (PS), secondary aeration (SA), secondary sedimentation
(SS), sludge digestion (SD) and effluent (E), and operated more than 530
days. The removal efficiencies for SS, COD, T-N, NH4+-N, NO2--N,
NO3 -N, T-P, and ortho-P were 74.4%, 95.6%, 65.3%, 38.4%, 85.0%,
65.2%, 84.6%, and 92.4% in the stabilized treatment system,
respectively. The average color removal rate was 90% and the sludge
removal rate was in the range of 35-50% which is commercially
profitable. Some potential enzymes involved in azo dye degradation and
mineralization revealed by metagenomic analysis include azo reductase,
oxygenases for aromatic hydrocarbon degradation, nitrification and
denitrification enzymes, enzymes involved in amino acid and fatty acid
degradation and TCA cycle, respectively. The pattern of the azo
reductase (FMN-dependent NADH azo reductase) was classified into
two main groups (CES-1 and the bioaugmented sample group). The
bioaugmented group was divided into the early group (50 days after
bioaugmentation) and the stabilized group (300 days) showing higher
frequency of the azo reductase. With respect to the enzymes for amino
acid degradation, nitrification and denitrification, the influents along
with CES-1 were clearly distinguished from non-bioaugmented (B, PA,
and SA) and the early bioaugmented ones, and the stabilized ones.
Denitrification enzymes such as nitrate reductase and nitric oxide
reductase are remarkably selected in the stages in PA, SA and SD after
the augmentation, thus effectively removing the sludge as an electron
donor source for denitrification. The microbial community pattern after
the augmentation is clearly different from that before the event.
Alicycliphilus denitrificans was dominant in SA and SD after 50 days
while Klebsiella pneumoniae and Burkholderia multivorans, degraders
of aromatic hydrocarbons, were also dominantly shown in B, PA and SD.
This confirmatory data of the metagenome analysis indicates that the azo
dye appeared to be completely degraded through sequential steps of
cleavage of azo bonds by azo reductase, decomposition of aromatic
hydrocarbons by various oxygenases, decomposition of aromatic
hydrocarbon metabolites by TCA cycle enzymes, and removal of
nitrogen by nitrification and denitrification. This understanding will
undoubtedly contribute to the optimized and efficient operation of the
treatment system and other related wastewater treatment systems.
Keyword : Dye wastewater, metagenomics, azo reductase
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An alkaliphilic, calcium carbonate precipitating Bacillus sp. strain
AK13 can be applied to concrete for self-repairing process. The
statistical experimental design was used to develop economical media
for mass cultivation and sporulation. One-factor-at-a-time method
determined that perilla powder, wheat bran, oil cake, soy flour, and
barley-malt powder were significant factors for promoting the growth
of AK13 strain. Plackett-Burman design was then applied to select
MnCl2 and FeSO4 as key factors stimulating spore formation. The
quadratic statistical model was constructed using central composite
design and optimized the concentration of main factors. The estimated
9
7
quantities of growth and sporulation were 1.1±0.2x10 and 5.2±0.3x10
CFU ml-1 respectively, which is approximately 10 times more effective
than those of commercial media in terms of the number of cultivated
bacteria per price. The spores were then powdered via spray-drying
process with a result of 2.54±0.1x109 spore-CFU g-1. Spray-dried spores
were pelletized to manufacture cement specimens, and then germination
and crack healing were observed. Alkaliphilic Bacillus sp. strain AK13
economic cultivation study has shown the possibility that low-cost
mass-culture for practical application on self-healing concrete.
Keyword : CaCO3 precipitating bacteria, self-healing concrete,
economical media

J-7
Calcium Carbonate Precipitation and Spore Formation by
Alkaliphilic Bacillus sp. AK13 for Self-Healing Concrete
*

*

Won Jae Kim, Young Ung Ryu , Yoon Hee Jung , Woo Jun Park
Laboratory of Molecular Environmental Microbiology, Department of
Environmental Sciences and Ecological Engineering, Korea University,
Seoul 02841, Republic of Korea

The use of bacteria resistant to high temperature and alkaline
environments is essential for the biological repair of damaged concrete.
Unlike other Bacillus species, AK13 was capable of growing at pH 13
and withstanding 10% NaCl concentration. Increased pH in non-urea
condition during the growth of the AK13 strain promoted calcium
carbonate (CaCO3) formation. Irregular vaterite-like CaCO3 attached to
cells were observed using field emission scanning electron microscopy.
Energy dispersive X-ray spectrometry profile and X-ray diffraction
analysis confirmed the presence of CaCO3 around the cell or on the
surface. CaCO3 derived from calcium acetate-added conditons had small
spherical shapes and compact aggregates with cells. However, the
amounts of CaCO3 crystals under calcium lactate are less and shapes are
rough aragonite-like aggregates with smaller sizes although growth
patterns of the AK13 strain in both conditions are similar. The amounts
of spore grown in Difco sporulation media (DSM) were similar to those
in LB media. Only 0.1% sporulation rates were observed at the early
stationary phase in both media. Further modification is needed for spore
production. Alkaliphilic, halotolerant, and spore-forming Bacillus sp.
AK13 is a promising candidate for self-healing concrete.
Keyword : Alkaliphilic, halotolerant, spore-forming
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Branched Polyamine Improves Viologen Transport across
Membrane
Soh Mabekou Sandrine
UNIST, Ulsan 44919, Republic of Korea

The responses from E. coli str. EBS, i.e., E. coli BW25113 carrying
plasmid pSDS, when exposed to five different viologens was
characterized, as were the toxicities of seven different PEIs, including
two linear and five branched species. Based upon these results, benzyl
viologen led to the greatest responses and 0.8 kDa branched PEI (BPEI)
was the least toxic of the PEIs tested and, therefore, both were selected
for the subsequent tests. The responses from E. coli st. EBS to the
viologens were improved, with the maximum relative bioluminescence
values increasing between 5.6 and 16.5-fold. The minimum detectable
levels for four of the viologens were likewise improved 2- to 4-fold. With
the observed improvement, some other areas are being tested as well.
Keyword : Polyethyleneimine, viologen bacterial bioreporter,
Escherichia coli.
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Crystal Structure of Thioredoxin with a Zinc Finger Domain from
Deinococcus radiodurans

Monothiol Redoxin (Brx) Plays a Central Role in Response to
Oxidative Stress in Radiation Resistant Bacterium, Deinococcus
radiodurans
Soyoung Jeong1,2, Lei Zhao1, Seul-ki Yang1, Hoseong Seo1, Min-Kyu
Kim1, Jong-Hyun Jung1, Yong-Sun Bahn2, Sangyong Lim1*
1
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Reactive oxygen species (ROS) are harmful byproducts of aerobic
metabolism, which lead to the severe damage of cellular components.
To cope with the adverse effects of ROS, bacteria have evolved an
elaborate antioxidant system. The radiation resistant bacterium,
Deinococcus radiodurans, also has a variety of antioxidant system to
eliminate the ROS, but protein protection mechanism in the cell were
not clearly understood. In the genome of D. radiodurans, we discovered
three thioredoxin-fold proteins using profiling of functional conserved
domain. With their knockout mutants, we examined their survival rate
in the presence of hydrogen peroxide and cumene hydroperoxide,
respectively. Among them, only a monothiol redoxin knockout mutant
(△Brx) was defective in resistance toward oxidative stress. In contrast
to other redoxin, Brx has one cysteine residue (Cys36) in catalytic motif.
Mutagenesis studies revealed that cysteine residue is essential for its
activity. In the reaction with oxidants, a sulfenic acid was formed on the
Cys36, leading to dimeric formation of Brx. Although oxidized Brx
didn’t reduced by thioredoxin reductase (TrxR), it showed highly affinity
with thiol-disulfide oxidoreductase (Bdr). This FAD-dependent
oxidoreductase reduced intermolecular disulfide of Brx, in which Bdr
acts in combination with low-molecular weight thiol. Taken together,
we concluded that novel monothiol redoxin protein plays vital roles in
response to oxidative stress using electron transfer pathway.
Keyword : Deinococcus radiodurans, redoxin, oxidative stress
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Deinococcus radiodurans is a gram-positive bacterium capable of
withstanding extreme doses of γ-ray, UV, desiccation, and DNAdamaging agents. Its extreme stress-resistance has been attributed a
number of factors, as follows: a high number of genome copies, ring-like
nucleoid organization, high manganese content, and a higher ability to
scavenge reactive oxygen species (ROS). While the contribution of some
antioxidant enzyme systems have been studied well, the role of the
thioredoxin (Trx) system has not been clearly investigated. The typical
Trx (Trx1) proteins are low-molecular-mass proteins (12 kDa) that
possess a highly conserved active site motif, WCGPC. Bacterial Trx2
is a recently described cytoplasmic thioredoxin homolog. It shares ~30%
overall sequence identity with Trx1 and contains an N-terminal
extension of about ~40 residues. Trx2 seems to play a role in the
protection against oxidative stress, as the deletion of its gene results in
increased sensitivity to oxidative stress. To understand the role of Trx2
on the radiation-resistance of D. radiodurans, we determined the crystal
structure of Trx2. The C-terminal region of Trx2 forms a canonical
thioredoxin fold with a central β-sheet consisting of five strands and four
flanking α-helices on either side. The N-terminal extension contains two
additional CXXC motifs which form a tetragonal binding site for a zinc
ion.
Keyword : D. radiodurans, thioredoxin, radiation-resistance
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Ionizing radiation induces severe damages in cells either via direct
(energy deposition) or indirect (water radiolysis generating ROS) action.
Therefore, radiation resistant organisms should develop efficient
anti-oxidative system to cope with oxidative stress. Deinococcus species
are representative radiation resistant bacteria, which are extremely
resistant to not only radiation and UV, but also reactive oxygen species
(ROS) induced oxidative stress. To understand its extraordinary defense
mechanism, we performed an in-depth comparison of the genome of 11
Deinococcus species. Total 22,335 genes were classified by orthologous
coding sequences (CDSs). The core genome of 705 CDSs represented
35.2% of the Pan-genome CDSs (1,999 CDSs). Most of core genome
were involved in biogenesis of cellular components such as DNA,
protein and lipid bilayer. Large diversity and genetic heterogeneity were
observed in the defense and stress response system in Deinococcus
species. Interestingly, several genes reported to contribute to resistance
to radiation or oxidative stress were absent in one or more Deinococcus
species. Using functional clustering, we discovered highly conserved
genes which associated in radiation/oxidative stress response regulon
and protein protection including IrrE/DdrO, redoxin proteins and
manganese transporters. These genetic diversity can improve understanding
of mechanism of Deinococcus species in response to environment
stresses.
Keyword : Deinococcus, radiation-resistance, genome
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Development of Direct Electron Transfer (DET)-Based
Enzyme-Electrode Platform Using Gold Binding Peptide Fused
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In this study, direct electron transfer (DET) based enzyme-electrode was
fabricated using flavin adenine dinucleotide (FAD)-dependent glucose
dehydrogenase (GDH) from Burkholderia cepacia via genetic fusion of
gold binding peptide (GBP) at its catalytic subunit for biosensing
application. The electrochemical and mechanical property of GBP fused
FAD-GDH immobilized electrode (GDH-GBP/Au) on the electrode was
investigated and compared with MET based enzyme-electrode system
where artificial electron transfer molecules (menadione or methylene
blue) were incorporated to native GDH immobilized electrode. While
the GDH/menadione/Au and GDH/methylene (MB)/Au on the Au
electrode displayed poor electrochemical stability during successive
potential scan in cyclic voltammetry, the GDH-GBP/Au displayed stable
current generation as well as superior level of oxidative currents. To
investigate biosensing applicability of GDH-GBP/Au system, the
enzyme-electrode platform was applied to screen-printed electrode
(SPE) for the fabrication of DET-based biosensor with compact design
and favorable sensing ability. The GBP fused FAD-GDH based sensing
platform was electrochemically evaluated via monitoring its
steady-state catalytic current in various condition and it was shown that
GBP fused FAD-GDH on SPE is useful at a wide range of glucose
concentrations (5-30 mM as dynamic range at 30℃) and exhibits high
selectivity toward target analyte. Also, it was found that the
electrocatalytic activity of GDH-GBP/Au based biosensor is highly
stable at elevated temperature (50℃). Therefore, we propose that the
GDH-GBP/Au system would be practical in wide range biosensing and
bioconversion process applications with high analyte selectivity, high
current output, high sensitivity, and mechanical stability.
Keyword : Direct electron transfer, gold binding peptide, Biosensor
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Effects of Human Activities on Antibiotic Resistance in Aquatic
Environments

Butyrate and Dapagliflozin Combination Treatment on the
Diabetic Control Impacts on Gut Microbiota of db/db Mouse
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Livestock wastewater treatment plants (LWTP) and aquaculture farms
(AF) are recognized as a reservoirs of antibiotic resistantmicroorganisms.
Therefore, the prevalence of culturable antibiotic resistantbacteria and
resistance-related genes were investigated with discharged waterof
LWTP and AF in order to elucidate the effect of the water on merging
stream.Based on the identification of isolated ARB, bacterial community
downstream oftreated water outlet was affected by discharged waters.
In addition, theabundance of antibiotic resistant genes (ARG) and
mobile genetic elements (MGE)was higher in discharged waters than
in freshwaters of upstream and downstream. Especially, tetracyclin
resistant genes and bacteria were prevalent indischarged water from AF.
This has possibly related with the consumption of antibioticsin certain
industry.
Keyword : Livestock wastewater treatment plant, aquaculture farm,
antibiotic resistance
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As obesity is a major risk factor for diabetes, increasing obesity is big
problem in managing diabetes. Various medication and
anti-hyperglycemic agent were used for improving obesity and diabetes.
Dapagliflozin (Dapa), a kind of sodium-glucose cotransporter-2
(SGLT-2) inhibitor, has recently used to force glycosuria and induce body
weight. However, Dapa alone have not significant effect for weight
reduction, and consequently, additional interventions are required to
modulate diabetes. Many in vitro study and microbiome study showed
butyrate which is a short chain fatty acid produced by gut microbiota
fermentation has key role in maintaining gut homeostasis, regulate
insulin sensitivity and appetite. In this study, to evaluate combination
effects of Dapa and butyrate-induced gut microbiota changes in
improving type 2 diabetic mouse model, we assigned six-week-old male
db/db mice into four groups: vehicle with normal chow diet (NCD), Dapa
with NCD, vehicle with 5% sodium butyrate-supplemented CD (NaB)
and Dapa with 5% NaB. Dapa (1mg/kg) was administered via oral gavage
for six weeks. Butyrate treated groups showed decreased food intake,
body weight and fat gain. The microbial diversity was also decreased
in butyrate treated group and the gut microbiota of the Dapa and NaB
combination group was characterized the decrease of Adlercreutzia,
Alistipes, Anaerotruncus, and Mucispirillum as well as an increase of
Streptococcus. Especially, Streptococcus showed opposite correlation
with total fat gain. In conclusion, Dapa supplemented butyrate treatment
reduce fatness and have plausible role in modulation host adiposity by
changing microbial communities and their functionality related with
anti-obesity.
Keyword : Gut microbiota, dapagliflozin, butyrate
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Dokdonella koreensis DS-123, isolated from the soil sample in the
Dokdo island of Korea, is a Gram-negative, motile, non-spore-forming,
and rod-shaped bacterium belonging to the family Rhodanobacteraceae.
We determined the genomic sequence of D. koreensis DS-123 and
performed a comparative analysis with the available genomes of 77
strains that belong to Rhodanobacteraceae. The complete genome of
DS-123 consists of a single chromosome with 4,446,619 bp (70.3%
G+C) in size, and contains 3,775 protein-coding sequences, 47 transfer
RNAs, and two ribosomal RNA operons. A phylogenomic analysis was
performed using 400 universal marker genes of the PhyloPhlan to
elucidate the phylogenetic relationships between DS-123 and other
genera in the family. Metabolic genes also were analyzed to compare the
metabolism of Rhodanobacteraceae. Among the strains of
Rhodanobacteraceae, only DS-123 has genes encoding methylotrophic
metabolism-associated proteins. These results suggest that DS-123
adopted genes associated with single-carbon metabolism to derive
energy under various environmental conditions. The methylotrophic
nature of DS-123 was experimentally proven by showing that it could
utilize methanol as a sole carbon source to growth. The inferred
metabolic features of Rhodanobacteraceae genomes would provide
valuable information on their lifestyles and for utilizing their resources.
Keyword : Methylotrophy, Rhodanobacteraceae, DS-123
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Isolation and Characterization of Microorganism Capable to
Degrade Organochlorine Pesticide from Soil

Effect of the Bacterial Isolate from Tomato Rhizosphere on the
Bacterial Wilt Disease Causative Agent Ralstonia solanacearum
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Organochlorine pesticides have been widely used throughout the world
for the control of numerous insects in a wide variety of food and non-food
crops. Due to their stable structure, organochlorine pesticides was
ubiquitously detected in the soils, water, and other surrounding
environments. For isolation of endosulfan degrading bacteria, 143
strains isolated in several domestic farms were cultured in media
containing 100 mg L -¹ of endosulfan as carbon or sulfur source at 30˚C
for 7 days. The cell growth was monitored by dry well weight, and the
supernatant was extracted with EtOAc and analyzed by GC
chromatography. Compared with the control without endosulfan, 4
strains were selected endosulfan as energy source, and the maximum
biodegradation ability was obtained by Streptomyces sp. 14747 which
degraded 95% of 100 mg L -¹ of endosulfan. Through enzymatic reaction,
endosulfan was degraded by the enzyme that was always expressed and
induced endosulfan oxidative pathway.
Keyword : Organochlorine, biodegradation, microorganism
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Wastewater from livestock and aquaculture farm is one of the major
contributors to antibiotic contamination in the environment. This study
identified the antibiotic resistant bacteria (ARBs) and antibiotic
resistance genes (ARGs) in the the 6 rivers in Korea. A total of 57 Samples
were obtained from wastewater from livestock and aquaculture farm.
475 subtypes and 19 ARG types were detected, and the most types were
Multi-Drug Resistant (MDR), Beta-lactam, Sulfonamide, Aminoglycoside,
and Tetracycline. Especially, ARGs belonging to sulfonamide and
tetracycline were detected in both effluent and downstream. Total 199
Metagenome-assembled Genomes (MAGs) including Actinobacteria,
Gammaproteobacteria, Alphaproteobacteria and Bacteroidia had ARGs
in their genomes. And half of MAGs with ARGs have pattern that
increased in the effluent and the amount was maintained in the
downstream. These results indicate that the key ARBs from the
wastewater can affect the diffusion and accumulation ARGs in the
downstream environment. Therefore, this study suggests that the
intensive use of antibiotics would lead a continuous influx of ARBs and
ARGs from wastewater into the environment, which would have a
significant impact on aquatic environmental contamination and further
on human health.
Keyword : Antibiotic resistance genes, wastewater treatment,
matagenome-assembled genomes (MAGs)
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Soil ecosystem is composed of diverse microorganisms including
bacteria and fungi. Especially in the rhizosphere, narrow regions of soil
immediately adjacent to plant roots, plenty of microorganisms inhabit
and some may be involved in plant defense against plant pathogens. In
our previous study, we performed a whole metagenomic analysis of the
rhizosphere communities of two tomato cultivars, Hawaii 7996 and
Moneymaker, which are either resistant or susceptible to bacterial wilt,
respectively. Through the taxonomic analysis of the whole metagenome
data and phylogenetic binning, we reconstructed the genome of a novel
uncultured Flavobacteriaceae bacterium, designated TRM1, from the
metagenomic sequences that exist only in the Hawaii 7996. Based on
the genome information, the bacterium from the rhizosphere, which
contributes to the wilt disease resistance, was successfully isolated. The
isolated bacterium was proposed to represent Flavoflexilis rhizosphaerae
gen. nov., sp. nov. by polyphasic characterization. Physiological features
of the isolate were identified through experiments including bacterial
growth, antibiotics resistance, and carbon source utilization. To identify
how TRM1-10 can reduce the bacterial wilt disease, we performed an
in vitro co-cultivation experiment of TRM1-10 and Ralstonia solanacearum
SL341 and TRM1-10 inhibited the growth of SL341 but the growth of
TRM1-10 itself was not affected.
Keyword : Rhizosphere isolate, Ralstonia solanacearum, wilt disease
resistance

Anaerobic Adaptation of Escherichia coli during Utilization of
Mixed Sugars
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Jung Min Heo, Hyun Ju Kim, Sang Jun Lee
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When bacterial cells utilize mixed sugars in culture growth media,
multi-growth phases can be observed due to the preference of sugar
uptake and consumption, which is called diauxic growth. Although E.
coli has been isolated from mammalian anaerobic guts, the physiology
and metabolism of the model microorganism have been studied
extensively under aerobic conditions because of convenience and
manageability the experiments. Anaerobic sugar metabolic regulation
is still unclear and rarely studied. Therefore, we revisited to study the
preference of various sugars and its regulation mechanism under
anaerobic condition. During bacterial fermentation with mixed sugars
(D-glucose plus D-xylose), we observed bacterial adaptation in cell
growth, and the acceleration of D-xylose utilization after D-glucose
consumption. Genome sequencing and characterization of adapted cells
is being carried out to figure out the regulation mechanism of sugar
utilization. This study will be helpful for improving microbial fermentation
biotechnology, and understanding the anaerobic physiology of bacterial
cells present in human gut microbiomes. This work was supported by
the National Research Foundation of korea (NRF-2017R1E1A1
A01075124).
Keyword : Anaerobic, adaptation, Xylose
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Functional Characterization and Localization of a Polo-Like
Kinase in Giardia lamblia
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Giardia lamblia is one of the earliest branches of eukaryote lineage,
which loses typical mitochondria. Little is known about molecular
mechanism how this parasite divides. Polo-like kinase (PLK) is one of
the three major cell cycle-related kinases in eukaryotic cells along with
cyclin-dependent kinases (CDKs) and aurora kinase. Function of G.
lamblia PLK (glPLK) was accessed by using a PLK-specific inhibitor,
GW843286X (GW). When the parasites were treated with GW, many
of them demonstrated biased distribution of nuclei between two daughter
cells. The length of flagella was shortened, and flagella were aggregated
between dividing cells. The expression of glPLK was not varied during
the growth phase of this protozoan. On the other hand, the expression
of glPLK is blocked in the encysting cells. Transgenic G. lamblia
expressing glPLK as a hemagglutinin (HA)-tagged form were constructed,
and used for immunofluorescence assays (IFA) of G. lamblia at various
stages, indicating that glPLK was mainly localized at basal bodies and
transiently localized at mitotic spindles in the dividing cells. Cell extracts
of G. lamblia expressing HA-tagging PLK were used for the
immunoprecipitation experiments using anti-HA antibodies. One of the
proteins co-immunoprecipitated with glPLK-tagged with HA was G.
lamblia CDK2 (glCDK2). Interestingly, more glCDK2 was precipitated
with glPLK from G. lamblia cells at gap2/mitosis stage than those at
gap1/DNA synthesis stage. These data indicated that glPLK plays a role
in cell division of G. lamblia, especially at cytokinesis as well as in
flagella formation. During that process, glPLK may function via its
interaction with glCDK2.
Keyword : Giardia lamblia, polo-like kinase, cell cycle
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Strain IMCC1322 was isolated from a surface water sample and
IMCC1322 was found to belong to the OCS28 sub-clade of SAR116
based on 16S rRNA analysis. Strain IMCC1322 cultivation analysis
revealed biogeochemical processes characteristic of the SAR116 group,
a dominant member of the microbial community in euphotic regions of
the ocean. The cells appeared as short vibrioids in logarithmic-phase
culture, and elongated spirals during incubation with mitomycin or in
aged culture. Growth characteristics of strain IMCC1322 were further
evaluated based on genomic information; proteorhodopsin (PR), carbon
monoxide dehydrogenase, and dimethylsulfoniopropionate (DMSP)utilizing enzymes. IMCC1322 PR was characterized as a functional
retinylidene protein that acts as a light-driven proton pump in the
cytoplasmic membrane. However, the PR-dependent phototrophic
potential of strain IMCC1322 was only observed under CO-inhibited and
nutrient-limited culture conditions. A DMSP-enhanced growth response
was observed in addition to cultures grown on C1 compounds like
methanol, formate, and methane sulfonate. Finally the polyphasic
taxonomy of strain IMCC1322 is given as Candidatus Puniceispirillum
marinum, which was also confirmed by chemotaxonomic tests, 16S
rRNA phylogeny, and cultivation analyses.
Keyword : Canididatus Puniceispirillum marinum, SAR116, proteorhodopsin
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RNA-Sequencing Profiles of Cell Cycle–Related Genes
Upregulated during the G2-Phase in Giardia lamblia
*

Meeyoung Shin, Juri Kim, Soon-Jung Park
Department of Environmental Medical Biology and Institute of Tropical
Medicine, Yonsei University College of Medicine, Seoul 03722, Republic of
Korea

*

Juri Kim, Soon-Jung Park
Department of Environmental Medical Biology, Yonsei University College
of Medicine, Seoul 03722, Republic of Korea

Giardia lamblia is a unicellular organism with two nuclei, a median body,
eight flagella, and an adhesive disc. γ-Tubulin is a microtubule
(MT)-nucleating protein that functions in the γ-tubulin small complex
(γ-TuSC) in budding yeast. In this study, G. lamblia γ-tubulin (Glγ
-tubulin) was found to bind to another MT-binding protein, namely G.
lamblia end-binding protein 1 (GlEB1), via both in vivo and in vitro
assays. Haemagglutinin (HA)-tagged Glγ-tubulin localized to the basal
bodies, axonemes, and median bodies of G. lamblia trophozoites. The
knockdown of Glγ-tubulin expression using an anti-Glγ-tubulin
morpholino, resulted in a decreased growth rate and an increased
proportion of dividing cells of Giardia. The formation of median bodies
was affected and the central pair of MTs in flagella was frequently
missing in the Giardia treated with an anti-Glγ-tubulin morpholino. G.
lamblia γ-tubulin complex protein 2 (GlGCP2) and GlGCP3, which are
putative components of γ-TuSC, were co-immunoprecipitated with
HA-tagged Glγ-tubulin in Giardia extracts. The knockdown of GlGCP2
and GlGCP3 expression also affected the formation of both the median
body and flagella MTs. Knockdown of Glγ-tubulin, GlGCP2 and
GlGCP3 expression affected localization of GlEB1 in G. lamblia. In
addition, decreased level of GlEB1 affected formation of median body
and the central pair of flagella MTs. These results indicated that Glγ
-tubulin plays a role in MT nucleation for median body formation and
flagella biogenesis as a component of Glγ-TuSC in Giardia and GlEB1
may be involved in this process.
Keyword : Giardia lamblia, gamma-tubulin, gamma-tubulin small
complex

Poster Session

To identify the component(s) involved in cell cycle control in the
protozoan Giardia lamblia, cells arrested at the G1/S- or G2-phase by
treatment with nocodazole and aphidicolin were prepared from the
synchronized cell cultures. RNA-sequencing analysis of the 2 stages of
Giardia cell cycle identified several cell cycle genes that were
up-regulated at the G2-phase. Transcriptome analysis of cells in 2 distinct
cell cycle stages of G. lamblia confirmed previously reported
components of cell cycle (PcnA, cyclin B, and CDK) and identified
additional cell cycle components (NEKs, Mad2, spindle pole protein,
and CDC14A). This result indicates that the cell cycle machinery
operates in this protozoan, one of the earliest diverging eukaryotic
lineages.
Keyword : Giardia lamblia, RNA-sequence, cell cycle

Identification of Functional Roles in Cytokinesis and Flagellar
Formation of Giardia lamblia Gamma-Tubulin Small Complexes
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Role of Gamma-Giardin in Ventral Disc Formation of Giardia
lamblia

Short-Term Mutational Adaptation of E. coli BL21(DE3) in
Succinate Minimal Medium

Juri Kim, Soon-Jung Park*
Department of Environmental Medical Biology, Yonsei University College
of Medicine, Seoul 03722, Republic of Korea

Hyun Ju Kim1, Haeyoung Jeong2, Sang Jun Lee1*
1
Department of Systems Biotechnology, and Institute of Microbiomics,
2
Chung-Ang University, Anseong 17546, Republic of Korea, Infectious
Disease Research Center, Korea Research Institute of Bioscience and
Biotechnology (KRIBB), Daejeon 34141, Republic of Korea

Giardia lamblia, a protozoan pathogen causing diarrheal outbreaks, has
characteristic cytoskeletal structures including eight flagella, a median
body and a ventral disc. Gamma-giardin is a unique component protein
of the cytoskeleton of this protozoan. Through comparative proteomic
analysis between different stages of the cell cycle, G. lamblia γ-giardin
(Glγ-giardin) was identified as an upregulated protein in the G2-phase.
Increased Glγ-giardin expression in G2 was confirmed by western blot
and real-time polymerase chain reaction analyses. Knockdown of this
protein using a morpholino affected the formation of ventral discs,
especially the microribbons of the discs, but exerted little effect on the
binding ability of G. lamblia. The number of cells with four nuclei was
increased in Glγ-giardin-knockdown cells. Expression of Glγ-giardin
was decreased during encystation, in contrast with the G2-phase.
Knockdown experiments demonstrated that Glγ-giardin is a component
of the trilaminar structure of the ventral disc. Expression of Glγ-giardin
is induced in the G2-phase prior to active cell division, whereas its
expression decreases during encystation, a dormant stage of G. lamblia.
Keyword : Giardia lamblia, gamma-giardin, ventral disc
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Biodegradation of Kraft Lignin by Bacillus sp. K13
*

Kishor Sureshbhai Patil, Jong-Chan Chae
Division of Biotechnology, Chonbuk National University, Iksan 54596,
Republic of Korea

Bacillus aryabhattai K13 is a mesophilic spore-forming bacterium
belonging tothe phylum Firmicutes which was isolated from a compost
by enrichment on Kraftlignin (1%). The strain was capable of
catabolizing the wide range of lignin-derivedmono aryls such as
coniferyl alcohol, coniferyl aldehyde, ferulic acid, p-coumaric acid,
sinapic acid, vanillin,vanillic acid, syringic acid, gallic acid,
trans-cinnamic acid and4-hydroxybenzoic acid. The ligninolytic
activity of the strain was assessed by HPLCanalysis. Strain K13 also
exhibited decolorizing activities on various dyesincluding a recalcitrant
phenothiazine dye class (azure B and methylene Blue). Toidentify the
metabolites during the degradation of coniferyl alcohol or ferulicacid
by strain K13, HPLC, LC/MS/MS and GC–MS analyses were performed
and aromaticcompounds were detected. Structural, biochemical, and
genomic studies of strainK13 suggested the metabolic pathway of lignin
depolymerization.
Keyword : Kraft lignin, lignin-derive mono-aryls, Bacillus sp. K13
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Bacterial cells can adapt and grow optimally under various
environmental conditions as programmed in the genome. Under
environmental stress, cell growth can be delayed. 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 faster growing cells
in succinate minimal medium, and then characterized genomic
mutations in the adapted cells using genome sequencing. Seed dilution
experiments showed those adaptive mutations can occur during the flask
culture containing succinate minimal medium. We demonstrates that
microbial cellular system can be reprogrammed shortly under stressful
condition by mutational adaptation, consequently to change metabolic
or regulatory network for optimal cellular growth. This work was
supported by the National Research Foundation of korea
(NRF-2018R1A6A3A11051083).
Keyword : BL21(DE3), adaptation, succinate

Draft Genome Sequence of Roseobacter sp. TSBP12 which
Convert the Indole to Indigo by Its Oxygenase Activity
*

Hae-Seon Kim, You-Jin Seo, Nyun-Ho Park, Jung-Hee Woo
Marine Industry Research Institute for East sea rim (MIRE), Uljin 36315,
Gyeongbuk, Republic of Korea

We have found Roseobacter sp. TSBP12, as one of superior
polycyclic-aromatic hydrocarbons degrading activity (naphthalene,
phenanthrene and pyrene) from oil-contaminated marine environments.
In the course of measuring the oxygenase activity of Roseobacter sp.
TSBP12, it was also realized that the indole convert into indigo, a blue
pigment. The genomic information of Roseobacter sp. TSBP12 with
strong oxidative activity and indigo production ability was analyzed by
NGS sequencing using Ion torrent PGM 318 chip. The resulting 96
contigs produced, and were composed of total size 4,393,160bp with a
G+C content of 58.0%. Our genome analysis revealed that this strain
carried a variety of oxygenases. Especially, flavin containing
monooxygenase (FMO), a similarity of 80% to that observed in
Methylophaga involved in the synthesis of indigo is present in the
genome. This work (Grants No. S2654259) was supported by Business
for Cooperative R&D between Industry, Academy, and Research
Institute funded Korea Small and Medium Business Administration in
2018 and Gyeongsangbuk-do R&D Program.
Keyword : Roseobacter sp., indigo, oxygenase activity
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Antimicrobial Activities of Strain Pseudomonas sp. PJG-2 and
Optimization of Culture Conditions

Biodegradation of the Benzimidazole Fungicides Benomyl and
Carbendazium by Two Rhodococcus sp. strains

Young Ho Nam1, Ahyoung Choi1, Kiwoon Baek2, Hye Jin Hwang1, Eu
Jin Chung1*
1
Microbial Research Department, NNIBR, Sangju-si, Gyeongsangbuk-do
37242, Republic of Korea, 2Bioresources Industrialization Support
Department, NNIBR, Sangju-si, Gyeongsangbuk-do 37242, Republic of
Korea

YuNa Jeon, Myoung-Hwa Jung, Gyeong-Ryeol Kim, Incheol Park,
Jaehong You, Byeong-Hak Han, Jae-Hyung Ahn*
Agricultrual Microbiology Division, National Institute of Agricultrual
Sciences, RDA, Jeollabuk-do 55365, Republic of Korea

In this study, we isolated and identified bacteria from freshwater and soil
collected from Banbyeon River, to screen antimicrobial bacteria against
various pathogenic bacteria. 24 strains were isolated and based on 16S
rRNA gene sequence analysis. Among them, strain PJG-2 showed a good
growth inhibition against methicillin-resistant Staphylococcus aureus
subsp. aureus (MRSA) strains and Escherichia coli. As a result of the
16S rRNA gene sequence analysis, strain PJG-2 show the high similarity
with Pseudomonas fragi NRRL B-727T, Pseudomonas endophytica
BSTT44T, Pseudomonas helleri DSM 29165T 99.6, 99.4, 99.4%,
respectively. We investigated cell growth and antimicrobial activity
according to commercial culture medium, temperature, NaCl for culture
optimization of strain PJG-2. Culture filtrate of strain PJG-2 showed
antimicrobial activity against MRSA strains and Escherichia coli with
inhibition zone. Culture optimization of strain PJG-2 can be improved
on antimicrobial activity. Therefore, the antimicrobial activity of
Curtobacterium sp. PJG-2 had potential as a novel antibiotics for
pathogens including MRSA.
Keyword : MRSA, Pseudomonas sp.
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Chemical pesticides are widely used around the world to increase crop
yields, but they can cause harmful effects on human and ecosystem if
improperly used. Benomyl, belonging to the benzimidazole class, is a
widely used fungicide for the control of many fungal disease such as
powdery mildew and anthracnose. However, benomyl is a suspected
carcinogen and may cause irritation to eyes and skins. Benomyl is
unstable in natural state, and decomposed into carbendazim and butyl
isocyanate. In this study, we isolated benomyl-degrading bacterial
strains from agricultural soils and investigated the genetic, physiological
and biochemical characteristics. From 49 agricultural soils sampled in
2018, two bacterial strains with different rep-PCR band patterns,
Rhodococcus sp. 3-2 and Rhodococcus sp. 6-2 were isolated. Strain 3-2
degraded 80 mg/L of benomyl in liquid media within 48 hours by 96%
and strain 6-2 degraded by 95%. Strains 3-2 and 6-2 also degraded 100
mg/L of cabendazim in liquid media within 72 hours. The breakdown
product of benomyl by strains 3-2 and 6-2 did not inhibit the growth of
Penicillium roqueforti, indicating that the breakdown product has no
fungicidal effect. Benomyl and carbendazim degradation in soil by
strains 3-2 and 6-2 is being tested now.
Keyword : Benzimidazole fungicide, environmental microbiology,
Chemical pesticide
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Environmental Carbapenem-Resistant Acinetobacter baumannii
Isolated from Municipal Wastewater Treatment Plant in South
Korea
*

Min Ki Jeon, Hanseob Shin, Yeonghyeon Kim, Hor-Gil Hur
School of Earth Sciences and Environmental Engineering, Gwangju
Institute of Science and Technology, Gwangju 61005, Republic of Korea

*

Chang Hu Kang, Jisu Lee, Yongseok Ko, Sooyeon Jeung, Hor-Gil Hur
School of Earth Sciences and Environmental Engineering, Gwangju
Institute of Science and Technology (GIST), 123 Cheomdan-gwagiro,
Buk-gu, Gwangju 61005, Republic of Korea

Arsenic (As) is a ubiquitous and highly toxic oxyanion-forming
metalloid that extensively exists in various natural environments. There
have been a few studies for removal of arsenic using iron
(oxyhydr)oxides. Here, we investigated that adsorption and structural
incorporation of arsenite or arsenate in the presence of ferrihydrite by
Clostridium sp. Strain C8 which isolated from methane gas producing
consortium. Results of XRD, SEM and ferrozine assay showed that
biogenic lepidocrocite (γ-FeOOH) was produced through a low-level
iron reduction process when arsenic is present, whereas hematite (Fe2O3)
was produced when arsenic is absent. It is assumed that negatively
2charged arsenate (H2AsO4 and HAsO4 ) or neutral species arsenite
(H3AsO3) is adsorbed on iron oxide and inhibited bacterial iron reduction
for a long time, transforming into another type of iron oxide. Result of
sequential chemical extraction indicate that the ratio of arsenic adsorbed
on the lepidocrocite structure surface was decreased and the
incorporation rate was increased with incubation time as a result of the
biogenic lepidocrocite formation. Therefore, transformation of
ferrihydrite to biogenic lepidocrocite under the influence of arsenic can
be a solution to removal of arsenic by incorporating arsenic and plays
an important role in the circulation of arsenic in the environment.

Poster Session

The emergence and dissemination of carbapenem-resistant
Acinetobacter baumannii grows attention as one of the leading
hazardous pathogens and hospital borne A. baumannii isolates are keep
disseminating in the environment via wastewater treatment plants
(WWTPs). Total of two A. baumannii
islolates and one Acinetobacter
st
nd
species was isolated from 1 , 2 Gwangju WWTPs (Yeongsan River)
and Yeongcheon WWTP (Nakdong River). The clinical isolates for
control were provided by the National Culture Collection for Pathogens
(NCCP). Both clinical and environmental isolates were determined as
A. baumannii by 16S rRNA sequencing, gyrB and rpoB gene alignment
and biochemical test. Also, every isolate was confirmed as multi-drug
resistant including carbapenems. Although environmental isolates have
lower minimum inhibition concentrations (MICs) of other antibiotics
excluding carbapenems compared to clinical isolates, Gwangju WWTP
influent isolate, strain 17GI, had the highest MICs of carbapenems.
Moreover, detection of carbapenemase encoding genes resulted that the
strain 17GI possesses blaOXA-72 gene. This was the first report of blaOXA-72
gene found in A. baumannii isolated in Korea. Furthermore, whole
genome sequencing of strain 17GI showed three same blaOXA-72 genes
encoded in three same genomic islands (GI) located in a plasmid and
qPCR results indicated that this gene was expressed even in
carbapenem-free conditions. In conclusion, these results indicate that
multi-drug resistant A. baumannii can be spread not only from hospital
environments, but also from WWTPs and environment sources.
Keyword : Acinetobacter baumannii, carbapenem-resistance, OXA
type carbapenemase

A Study on Arsenic Removal Using Biogenic Lepidocrocite
Reductively Formed by Clostridium sp. Strain C8
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Effect of Physicochemical Factors on the Inactivation of Murine
Norovirus

Distribution Pattern of Local Planktonic Bacterial Communities
within a Small Lake

Subin Kang, Su Bin Lee, Ji Hye Lim, Seo Hyun Kim, Min Su Park, In Seop
Kim*
Department of Biological Sciences and Biotechnology, Hannam University,
Daejeon 34430, Republic of Korea

So-Yeon Jeong, Tae Gwan Kim*
Department of Microbiology, Pusan National University, Busan 46241,
Republic of Korea

Human noroviruses have been estimated to cause up to 95 % of
nonbacterial gastroenteritis epidemies in humans. However, many
aspects of norovirus biology are not well understood because of the
absence of cell culture system for human norovirus. Therefore murine
norovirus (MNV), which can be cultivated in cell culture, has been a
model system to study norovirus biology and pathogenesis.
Understanding the effect of physicochemical factors on the inactivation
of norovirus is essential in implementing effective disinfecting measures
to prevent norovirus transmission. This study was conducted to evaluate
the effect of acidic pH, alkaline pH, heat, and ethanol treatment on the
inactivation of MNV. MNV was very resistance to acidic pH treatment
of pH 2, 3, 3.5, and 4 of which log reduction factors are less than 1.0.
The inactivation effect of MNV was increased as the pH was increased
during 2 hours treatment at pH 9, 10, and 11 of which log reduction factors
were 1.13, 2.69, and 5.28, respectively. MNV was completely
inactivated within 30 min at 60℃, 5 min at 70℃, and 5 min at 80℃ of
which reduction factors were ≧5.80. However 50℃ treatment for 30
min was moderately effective to inactivate MVM of which log reduction
factor was 2.09. MNV was completely inactivated to undetectable levels
within 6 h by 70% ethanol. These results would be helpful in
implementing effective disinfecting measures to prevent norovirus
transmission.
Keyword : Physicochemical factors, murine norovirus, inactivation
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Survival of Murine Norovirus on Environmental Surfaces
*

Subin Kang, In Seop Kim
Department of Biological Sciences and Biotechnology, Hannam University,
Daejeon 34430, Republic of Korea

Human noroviruses have been estimated to cause up to 95% of
nonbacterial gastroenteritis epidemies in humans. However, many
aspects of norovirus biology are not well understood because of the
absence of cell culture system for human norovirus. Therefore murine
norovirus (MVM), which can be cultivated in cell culture, has been a
model system to study norovirus biology and pathogenesis. Fomite
transmission is one of possible modes of norovirus transmission on
indoor environment. The potential of viral spreading via contaminated
surfaces depends particularly on the ability of the viruses to maintain
infectivity whilst they are in the environment. Understanding the
survival of norovirus on environmental surfaces is essential for public
health measures aimed at reducing norovirus spreading. This study was
conducted to evaluate the survival of MVM, a model system of human
norovirus, on various surfaces. 107 TCID50/mL of MVM was
artificially contaminated on the surfaces of roll tissue, cotton-made
panties, rubber gloves, and poly glove, and then the survival rate was
studied as a function of time at 20℃ and 60% of relative humidity. MVM
was survived for 24 hours on the surfaces, and then MVM was
dramatically inactivated within 48 hours except rubber gloves. MVM
was completely inactivated after 96 hours on the surface of rubber gloves.
These results would be helpful in implementing effective disinfecting
measures to prevent fomite transmission.
Keyword : Murine norovirus, survival, environmental surfaces
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This study investigated the distribution pattern of bacterial communities
at an intermediate spatial scale within a lake ecosystem. Fifty water
samples were randomly collected along with the shoreline when the lake
was eutrophic. Miseq sequencing revealed that Limnohabitans was most
abundant, e.g., the genus Limnohabitans comprising 10.9% of the
bacterial community. Species co-occurrence revealed a bimodal
occupancy-frequency pattern, and elements of metacommunity
structure showed a Clementsian gradient. Variation partitioning
revealed that environmental variables, plant/animal compositions,
space coordinates and distance-based Moran's eigenvector maps
(dbMEM) together explained 28.7% of the total variation. Plant/animal
(20.8%) and dbMEM (19.4%) well explained the variation. RDA
showed that several plant and animal species including Trapa (0.065),
Hydrocharis (0.035), Planorbidae* (0.074), Belostomatidae* (0.022)
and Libellulidae* (0.043) represented the important variables. Our
findings indicate that the interplay among abiotic, biotic and spatial
factors shaped the bacterial community, and the importance of regional
processes within the lake water body.
Keyword : Planktonic bacterial community, metacommunity, lake

S.aureus Antibiotic Responce Study in Microgravity
SeongYeol Choi, Hyochan Jang, Robert J. Mitchell*
School of life science, UNIST, Ulsan 44919, Republic of Korea

In microgravity condition, there are several disccusions about metabolic
change than normal gravity condition. Growth rate is increased,
antibiotic resistant is increased, morphology changing etc. For coming
era of space, healtcare of astronaut, drug resistant organism control is
very important becasue of limitation of spacecraft. So I want to know
about bacteria which experience microgravity condition. Following our
group result microgravity condition help growth rate enhance in few
bacteria which is E.coli and S.aureus. Following many experiment and
study of microgravity bacteria behavior, drug resistant of bacteria is
increased when bacteria is exposed to microgravity. but violacein which
is violet antibiotic pigment coming from many soil bacteria, increase lag
phase 2 times in microgravity than normal in 0.3 mg/L condition. So,
following the mechanism of antibiotics, antibiotic effect under
microgravity is not only increased but various case can be possible.
Keyword : Microgravity, antibiotics, violacein

K-25
Distribution of the Resistance Genes in Enterococci Isolates from
Human and Animal
Inho Shin, Young-Hee Jung, Min-Hyeok Cha, Young-Min Chi*
Division of Biotechnology, College of Life Sciences, Korea University, Seoul
02841, Republic of Korea

Objectives: We investigate the distribution of the resistance genes from
enterococci isolated from pigs, environment, and employee in 2017.
Methods: Antimicrobial susceptibility, detection of the resistance genes,
and molecular diversity were performed. Results: Twenty-eight E.
faecalis and five E. faecium were isolated from 1,023 samples of pigs,
environment, and employee in 19 pig farms. In 33 isolates, there were
no resistant to ampicillin, vancomycin, teicoplanin, and tigecycline.
Seventeen isolates (60.7%) of 28 E. faecalis showed resistance to
multi-drugs, erythromycin, tetracycline, doxycycline, high-level
streptomycin, and chloramphenicol. E. faecium were susceptible to
ciprofloxacin, tetracycline, doxycycline, and high-level gentamicin and
streptomycin, but showed the resistance to phenicol as 60%~100%. The
resistance genes, tetM, (75% in E. faecalis and 0% in E. faecium), tetL
(71.4%, 0%), ermA (71.4%, 100%), ermB (85.7%, 20%), aphIII (82,1%,
20%), ant6 (82,1%, 20%), aac-aph (57.1%, 0%), optrA (85.7%, 60%),
and fexA (67.9%, 80%) were detected. In 33 isolates, one or more resistant
genes of oxazolidine/phenicol were detected, but MICs on linezolid were
ranged in 2 mg/L ~ 12 mg/L. Ten STs were identified in E. faecalis, and
ST256 (42.9%) and ST86 (25%) occupied two-thirds of them.
Conclusions: Isolation rates of E. faecalis and E. faecium were very low,
but most of them were resistant to multi-drugs.
Keyword : Multi-resistant genes, oxazolidinone/phenicol, enterococci
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A Study of the Diversity and Profile for Extracellular Enzyme
Production of Aerobically Cultured Bacteria in the Gut of
Muraenesox cinereus
Ga Eul Jeong1, Yong-Jik Lee2, Hye Won Kim1, DoKyung Oh1, Jae Hak
Sohn1, Jae-Hoon Jeong3, Joon Young Heo1, Ji O Kim1, Kee-Sun Shin4,
1*
Sang-Jae Lee
1
Major in Food Biotechnology and Research Center for Extremophiles and
Marine Microbiology, Silla University, Busan 46958, Republic of Korea,
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Department of Cosmetics, Seowon University, Chung-Ju 28674, Republic
3
of Korea, 83, Gasan digital 1-ro, Geumcheon-gu, Seoul, 08589, Republic
of Korea, 4Industrial Bio-materials Research Center, Korea Research
Institute of Bioscience and Biotechnology (KRIBB), Daejeon 34141,
Republic of Korea

This research confirmed the diversity and characterization of gut
microorganisms isolated from the intestinal organs of Muraenesox
cinereus, collected on the Samcheonpo Coast and Seocheon Coast in
South Korea. To isolate strains, Marine agar medium was basically used
and cultivated at 37℃ and pH7 for several days aerobically. After single
colony isolation, totally 49 pure single-colonies were isolated and
phylogenetic analysis was carried out based on the result of 16S rRNA
gene DNA sequencing, indicating that isolated strains were divided into
3 phyla, 13 families, 15 genera, 34 species and 49 strains. Proteobacteria
phylum, the main phyletic group, comprised 83.7% with 8 families, 8
genera and 26 species of Aeromonadaceae, Pseudoalteromonadaceae,
Shewanellaceae, Enterobacteriaceae, Morganellaceae, Moraxellaceae,
Pseudomonadaceae, and Vibrionaceae. To confirm whether isolated
strain can produce industrially useful enzyme or not, amylase, lipase,
and protease enzyme assays were performed individually, showing that
39 strains possessed at least one enzyme activity. Especially the
Aeromonas sp. strains showed all enzyme activity tested. This result
indicated that isolated strains have shown the possibility of the industrial
application. Therefore, this study has contributed for securing domestic
genetic resources and the expansion of scientific knowledge of the gut
microbial community in Muraenesox cinereus of South Korea.
Keyword : Diversity, gut microorganism, Muraenesox cinereus
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Isolation and Identification of Monascus sp. MK10 that Does Not
Produce Citrinin

Cyanide Production by Chromobacterium piscinae Shields It from
Bdellovibrio bacteriovorus HD100 Predation

Byung-Hyuk Kim1, Jong-Ok Jang2, Ye-Eun Park1, Jung-Gyu Kim1,2,
Jun-Hyeong Lee1,2, Yeo-Cho Yoon1, Su-Jin Jeong1, Hye-Suk Park1, Keun
Kab Lee1, Gi-Seok Kwon2, Jung-Bok Lee1*
1
Institute for Development of Bioindustrial Materials, BHNBIO Co., LTD.,
Jincheon 27850, Republic of Korea, 2Division of Horticulture and Medicinal
Plant, Andong National University, Andong 36729, Republic of Korea

Wonsik Mun, Heeun Kwon, Hansol Im, Seong Yeol Choi, Ajay K.
Monnappa*, Robert J. Mitchell*
School of Life Sciences, UNIST, Ulsan 44919, Republic of Korea

Red rice yeast has been used for a long time as food colorant and blood
circulation treatment agent from the ancient. Also, there are many of their
metabolites such as pigment, mevinolin, citrinin, vitamin and enzyme
which are produced during fermentation. However, Red rice yeast can
be polluted by a nephrotoxic mycotoxin named citrinin, which is
produced by some Monascus strains. To prevent citrinin from
contaminating monacolin K products, it is very important to screen for
Monascus strains that produce no citrinin but high amounts of monacolin
K. To develop production of citrinin-free monacolin K identified as M.
purphous by morphologies and internal transcribed spacer sequences
analysis, was isolated from red fermented rice. Also, further
determination revealed that no citrinin biosynthesis related genes such
as ctnA, pksCT, ctnE, and ctnR were detected. Additionally, HPLC
combined with citrinin-related gene analyses can be used for rapid
screening of non-citrinin production Monascus strains. This work was
supported by Korea Institute of Planning and Evaluation for Technology
in Food, Agriculture, Forestry and Fisheries (IPET) through High
Value-added Food Technology Development Program, funded by
Ministry of Agriculture, Food and Rural Affairs (MAFRA)
(117104-02-2-SB010)
Keyword : Red rice yeast, Monascus sp., Monacolin K
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Inhibition of Hydrogenase by Carbon Monoxide in Eubacterium
limosum KIST612
*

Jinsung Jeon, Ji-Yeon Kim, Mungyu Lee, In Seop Chang
School of Earth Sciences and Environmental Engineering, Gwangju
Institute of Science and Technology (GIST), 123 Cheomdangwagi-ro,
Buk-gu, Gwangju 61005, Republic of Korea

Syngas (H2, CO2, and CO) has been focused to use as a potential feedstock
for the production of valuable byproducts. Acetogens are strictly
anaerobic bacteria that utilize syngas via the Wood-Ljungdahl pathway
(WLP). However, there is a limitation for syngas fermentation by some
of acetogen such as Eubacterium limosum KIST612, due to inhibition
of hydrogenase when supplemented CO. Herein, we studied about
physiological properties of acetogenic bacteria, E. limosum KIST612
under co-substrate (H2/CO2 and CO) condition. Also, we tried to
optimize culture condition for syngas fermentation in order to find
simultaneous conversion of both H2 and CO. As a result, E. limosum
KIST612 could consume H2/CO2 under existed only very low CO
concentration (0.0134 mol/L). This result showed that hydrogenase of
E. limosum KIST612 was inhibited according to the CO consumption
*
rate (qCOX) of the dissolved CO in the liquid phase (kLa(C -CL)). This
study suggests the guideline for enhanced productivity by optimizing
to consume co-substrate simultaneously.
Keyword : Syngas, Eubacterium limosum KIST612, Co-fermentation
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Predation of Chromobacterium piscinae by Bdellovibrio bacteriovorus
HD100 was inhibited in dilute nutrient broth (DNB) but not in HEPES.
Experiments showed that the effector responsible was present in the
medium, as cell-free supernatants retained the ability to inhibit
predation, and that the effector was not toxic to B. bacteriovorus.
Violacein, a bisindole secondary metabolite produced by C. piscinae,
was not responsible. Further characterization of C. piscinae found that
this species produces sufficient concentrations of cyanide (202 M) when
grown in DNB to inhibit the predatory activity of B. bacteriovorus, but
that in HEPES, the cyanide concentrations were negligible (19 M). The
antagonistic role of cyanide was further confirmed, as the addition of
hydroxocobalamin, which chelates cyanide, allowed predation to
proceed. The activity of cyanide against B. bacteriovorus was found to
be two fold, depending on the life cycle stage of this predator. For the
attack-phase predatory cells, cyanide caused the cells to lose motility and
tumble, while for intraperiplasmic predators, development and lysis of
the prey cell were halted. These findings suggest that cyanogenesis in
nature may be employed by the bacterial strains that produce this
compound to prevent and reduce their predation by B. bacteriovorus.
Keyword : Bdellovibrio bacteriovorus HD100, Chromobacterium
piscinae, cyanide

Pan-Genome Analysis of Fenitrothion-Biodegrading Bacteria
Jongsung Lim, Gyungju Nah*
Genome Analysis Center, National Instrumentation Center, Seoul National
University, 1, Gwanak-ro, Gwanak-gu, Seoul 08826, Republic of Korea

The development of next generation sequencing (NGS) technology has
made many advances in genome analysis. In particular, the genome
sequencing data of prokaryotic bacteria are reported in the Genome
Online Database (GOLD) and the number of sequencing projects is
increasing annually, reaching 283,913 in 2019. Comparative genomics
and pan genome analysis have been attempted in the field of clinic,
environment, and evolution using a variety of bacterial genome
sequencing information. In this study, we obtained whole genome
sequence of five fenitrothion-biodegrading bacteria genome information.
Also we analyzed to identify fenitrothion-biodegrading related genes as
well as confirmed differences in fenitrothion breakdown by analyzing
comparative genomics and pan genome analysis of bacterial strains that
break down fenitrothion. And we are going to analyze genetic evolution
through pan genome analysis among three genus.
Keyword : Next generation sequencing, pan-genome, biodegrading
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Improved PCR Assay for Rapid Identification of Pathogenic
Staphylococci

Microbiological Monitoring System for Quality Control of
Laboratory Animal

Eui-Suk Jeong, ChungSu Kim, Yunjeong Choe, Min-Soo Seo, Taekwan
Lee, Dae-Yong Han, Woo Suk Koh, Kil-Soo Kim*
Laboratory Animal Center, Daegu-Gyeongbuk Medical Innovation
Foundation, 80 Cheombok-ro, Dong-gu, Daegu 41061, Republic of Korea

Eui-Suk Jeong, ChungSu Kim, Yunjeong Choe, Min-Soo Seo, Taekwan
Lee, Dae-Yong Han, Woo Suk Koh, Kil-Soo Kim*
Laboratory Animal Center, Daegu-Gyeongbuk Medical Innovation
Foundation, 80 Cheombok-ro, Dong-gu, Daegu 41061, Republic of Korea

Staphylococci are Gram-positive facultative anaerobic organisms and
under the microscope, they appear round, and form in grape-like clusters.
The staphylococcus infection can cause a wide variety of diseases in
humans and animals through either toxin production or penetration.
These bacteria commonly inhabit the skin and nose where they are
innocuous, but may enter the body through cuts or abrasions which may
be nearly invisible. And, Staphylococcus spp. is zoonosis, which is easily
infected from humans to animals. Animal experiments are essential to
biological and medical research. High quality laboratory animal is most
important in the experiment for get reliability and reproducibility data.
However, most of the infections in laboratory animals are closely related
to the hygiene of breeders and/or researcher. However, it is not easy to
identify bacterial of similar colony morphology and morphology
diagnosis is subjective. In this study, we comparing conventional
diagnosis methods for objectively identification of Staphylococcus spp..
Our PCR assay will be used to improve quality control in laboratory
animals and laboratory animal facilities.
Keyword : Staphylococci, PCR assay, Quality control

Daegu-Gyeongbuk Medical Innovation Foundation (DGMIF) is a
medical cluster to facilitate the development of new medicine and
high-tech medical devices to affiliated public institution with the
Ministry of Health and Welfare. The Laboratory Animal Center (LAC)
of DGMIF is support new drug and medical equipment development and
joined as a member of the Performance Evaluation Program for
Diagnostic Laboratories (PEP) of ICLAS Laboratory Animal Quality
Network to support the health monitoring of laboratory animals. In this
presentation, I would like to share information of the test methods we
currently utilize through introduce of the health monitoring system of
DGMIF LAC. Maintaining health condition of laboratory animals is
important in aspects of animal welfare, safety as well as reliance of
scientific experiments. Although the circumstances in use of laboratory
animals has been significantly improved, increase of transport of
laboratory animals makes a high risk of microbial infection as increased
collaboration among research organizations to use genetically modified
animals. Health monitoring is the minimal warden to protect animal
facilities from the contamination. DGMIF LAC is utilizing MFIA,
ELISA, IFA, biochemical and genetic (PCR and sequencing) analysis
methods for diagnostic of microorganism, and also conducting analysis
of serology, microbiology, parasitology and pathology protocol for
health surveillance of laboratory animals. Service has been provided to
industry, academia and research institutes. DGMIF LAC will
continuously establish a new method for more accurate and precise
analysis in the quality control of laboratory animal colonies.
Keyword : Laboratory animal quality network, animal health
monitoring, quality control
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Transcriptomic Analysis of Salmonella Typhimurium in Response
to Four Different Stressful Conditions

Study on the Species of Microalgae and Environment that cause
Water Bloom in Geum River

Eunwoo Nam1, Sojung Park1, Jiyoon Choi1, Seuli Kim1, Hyunjin Yoon1,2*
1
Department of Molecular Science and Technology, Ajou University, Suwon
2
16499, Republic of Korea, Department of Applied Chemistry and Biological
Engineering, Ajou University, Suwon 16499, Republic of Korea

Dae Geun Kim1, Jaeyoung Park1, Inseob Kwak2, Chang-Hee Hong1
1
Chonbuk national university, Iksan, 54596, Republic of Korea, 2SNNT CO.,
Daejeon 34054, Republic of Korea

In order to reduce bacterial contamination, a wide variety of
antimicrobial agents are applied in food production. However, bacterial
pathogens exposed to repeated sublethal conditions gain resistance to
physical and chemical stressors and adapt to hostile environments. In
this study, the genome-wide comprehensive transcriptional responses
to diverse stressful conditions were investigated in Salmonella enterica
serovar Typhimurium ATCC 14028S, a major cause of foodborne illness.
Sublethal conditions were reproduced using heat shock, sodium
hypochlorite, benzalkonium chloride, and hydrogen peroxide. The
transcriptome analysis revealed that S. Typhimurium induced the
expression of genes upon exposure to the distinct stressors:
benzalkonium chloride specifically up-regulated the expression of
genes involved in envelope stress response; hydrogen peroxide activated
the transcription of genes required for ROS detoxification; heat shock
and sodium hypochlorite induced highly similar responses such as the
up-regulated expression of genes associated with resistance to
antibiotics and oxidative stress. Comparative analysis further identified
a subset of genes co-regulated by more than two stressors. Genes with
differential expression (DEGs) in response to stressful conditions might
be important for Salmonella to cope with the applied hostile stressors.
In this context, these DEGs are potential targets for controlling
Salmonella resistance to diverse antimicrobial agent treatments.
Keyword : Salmonella, resistance, antimicrobial agent
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Isolation and Characterization of Bdellovibrio Like Organisms
(BALOs) from Soil Samples in Korea
1

1

1

2*

Dayun Baek , Da Som Park , Jong-Hyun Park , Young-Duck Lee
1
Department of Food Science and Biotechnology, Gachon University,
Seongnam 13120, Republic of Korea, 2Department of Food Science and
Engineering, Seowon University, Cheongju 28674, Republic of Korea

Bedellovibrio like organisms (BALOs) are small and highly motile
Gram-negative bacteria. Especially, they are prey on other
Gram-negative bacteria including pathogens like Escherichia coli spp.
Salmonella spp. and Klebsiella spp. etc. Although a variety of organisms
are included to BALOs, Bdellovibrio bacteriovorous is one of the
best-studied BALOs. It is uniflagellate so that it can mobile to prey cell
and invade the periplasm of its prey cell that is converted structure to
be round known as bdelloplast. Finally, it multiplicated its progeny in
the bdelloplast and lysis the prey cell to release them. This special
bacteriolytic activity means that Bdellovibrio spp. has potential as a
biocontrol agent to Gram-negative pathogens. So, we isolated
Bdellovibrio spp. from soil samples in Korea and identified the isolates
through plaque morphology, PCR and transmission electron
microscopy. Also, we characterized stability of type and wild type strains
and checked their bacteriolytic activity using E. coli O157:H7 505B and
Salmonella enteritidis, which might be causative bacteria of zoonosis.
Keyword : Bdellovibrio and like organisms (BALOs), gram-negative
pathogen, bacteriolytic activity
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Microalgae are primary producers of water that remove nutrients such
as nitrogen and phosphorus in the water and grow through
photosynthesis. Therefore, when a lot of nutrients are supplied to aquatic
system, they are used to grow rapidly. The massive flourish of microalgae
appearing in the water system is called the water bloom. The water bloom
appears to be the same with the color of the water changing from green
to outside, but biologically, other types of microalgae often prosper. In
order to control the algal bloom, it is first necessary to know what kind
of microalgae flourished in which environment. Therefore, in this study,
we conducted a study on the major causative organisms and
microorganisms of water bloom in geum river. As a result, it was
confirmed that different kinds of microalgae flourished according to the
seasons of spring, summer and autumn, and the kinds of microorganisms
that flourished together were also different. Therefore, in-depth study
of at least three kinds of microalgae is required to control the water bloom.
Keyword : Microalgae, water bloom, geum river

Characterization of an Oleaginous Green Microalga, Lobosphaera
incisa K-1, Isolated from a Tidal Flat in the Yellow Sea, Republic
of Korea
1,2

2

2

1,2*

Se Ra Lim , Seon Young Park , Hyo Yeon Kim , Ji Hyung Kim
1
Department of Bio-Molecular Science, KRIBB School of Bioscience, Korea
University of Science and Technology(UST), 217 Gajeong-ro, Yuseong-gu,
Daejeon 34113, Republic of Korea, 2Infectious Disease Research Center,
Korea Research Institute of Bioscience and Biotechnology(KRIBB), 125
Gwahak-ro, Yuseong-gu, Daejeon 34141, Republic of Korea

Microalgae are considered as sustainable resources for biofuel
production, however, recent focus on its research has shifted toward the
investigation of high-value metabolites for biotechnological
applications. Herein, we report the identification of a novel green
microalga isolated from the Yellow Sea in Korea, and also describe its
morphological, molecular, and biochemical characteristics. On the basis
of microscopic and genetic analyses, the isolate was classified as
Lobosphaera incisa (the strain was designated as K-1), and molecular
phylogeny revealed that the isolate distinctly differed from the other
known L. incisa strains. We also performed a detailed analysis of cellular
components in the microalga. The composition of C18 and C20 fatty
acids (FAs) in the lipids of strain K-1 was relatively higher than other
strains. Moreover, the strain had higher proportions of the ω3 series of
FAs, including α-linolenic acid (C18:3ω3) and eicosapentaenoic acid
(C20:5ω3), highlighting its uniqueness and strong potential for
biotechnological application. To the best of our knowledge, this is the
first report on the isolation of L. incisa from Korea as well as from a marine
environment; this novel strain might be useful for the production of
high-value ω3 and ω6 polyunsaturated FAs.
Keyword : Microalgae, Lobosphaera incisa K-1, polyunsaturated fatty
acids
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Comprehensive Metabolomics Analysis for Interpretation of the
Solid State and Submerged Fermentation of Aspergillus oryzae
KCCM 12698
Su Young Son1, Sunmin Lee1, Digar Singh1, Na-Rae Lee1, Dong-Yup
Lee2,3, Choong Hwan Lee1*
1
Department of Bioscience and Biotechnology, Konkuk University, Seoul
05029, Republic of Korea, 2Bioprocessing Technology Institute, Agency for
Science, Technology and Research (A∗STAR), Singapore 138668,
Singapore, 3School of Chemical Engineering, Sungkyunkwan University,
Suwon 16419, Republic of Korea

Aspergillus oryzae has been widely utilized to make doenjang, miso, koji,
and rice wine in food fermentation industry. However, the metabolomic
perspectives of A. oryzae during fermentation in various culture
conditions are not sufficient for comprehensive interpretation.
Therefore, we investigated time resolved (0, 4, 8, 12, 16 day) secondary
metabolite profiling for A. oryzae KCCM 12698 cultivated under
solid-state and submerged fermentation (SSF and SmF). Secondary
metabolite profiling was carried out using the ultrahigh performance
liquid chromatography – linear trap quadrupole – Electrospray
ionization – ion trap – mass spectrometry (UHPLC – LTQ – ESI– IT –
MS) followed by multivariate analyses. We observed the relatively
higher contents of coumarins and oxylipins under SSF, while terpenoids
were more abundant under SmF. Moreover, the antimicrobial activities
of extracts from SSF and SmF were performed and indicated that the SSF
extracts showed higher activities as compared to SmF, with higher
production of active secondary metabolites such as ketonecitreoisocoumarin, oxylipins pentahydroxy-anthraquinone, hexylitaconic
acid, and saturated fatty acids. The current study underlines the
pre-eminence of a metabolomic foundation as regards the growth
parameter and bioactive metabolites production for A. oryzae under the
mostly applied to fermentation industry and industrial cultivation states.
Furthermore, this work contains the potentials for rapid screening and
MS-based metabolites helpful in understanding the safety of fermented
foods such as Koji mold.
Keyword : Solid state and submerged fermentation, Aspergillus oryzae,
metabolomics
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Isolation of New Plastic Degrading Intestinal Bacteria from Insect
Larvae, Tenebrio molitor and Galleria mellonella
Hongrae Kim, Hyunmin Lee, Eunbeen Jeon, Heecheol Yu, Sukkyoo Lee
*
, Dae-Hwan Kim*
School of Undergraduate Studies, Daegu Gyeongbuk Institute of Science &
Technology, Daegu 42988, Republic of Korea

Currently, the increasing and accumulating plastic wastes without
decomposition occurs serious environmental pollution and become
serious social problem. However, insect larvae which take plastic
materials as their resource were found and could solve the issued plastic
waste problem, even if the degradation mechanism has not been known
yet. Now, we isolated the new plastic degrading microorganisms inside
the plastic eating worms, Tenebrio molitor and Galleria mellonella. Both
polystyrene and polyethylene were used for food resource of both worms
and the guts were extracted from worms after feeding for two weeks.
Enterocytes in gut were removed and the intestinal solution were
incubated in liquid carbon free basal medium (LCFBM) with plastic for
two months to isolate plastic degrading microorganisms. Each single
bacteria isolated from LCFBM culture on the solid nutrient medium was
identified by analysis of 16S rRNA sequencing. Four different type
microorganisms were isolated from our screening and we examined the
plastic degradation on the surfaces of plastic films with scanning electron
microscopy (SEM). Thus, we are reporting the four plastic decomposing
microorganisms including two new species of microorganism in our
screen system.
Keyword : Microorganism, plastic degradation, insect larvae
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Biodegradation of Phenol by Pseudomonas sp. DW-3-2-1-1
Isolated from the Activated Sludge of Textile Wastewater
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School of Life Science, Kyungpook National University, 80 Daehakro,
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Toxic aromatic compounds have been detected frequently in soil,
groundwater, and wastewater because of the extensive use of oil
products. Especially, phenol used to produce synthetic resins, textiles,
and dyes, along with insecticides and preservatives, is one of the major
pollutants. Phenol-degrading bacterium DW-3-2-1-1 was isolated from
the activated sludge of textile wastewater. This strain was identified as
Pseudomonas sp. via 16S rRNA gene sequencing. The optimal
conditions for the degradation of phenol were 0.6% K2HPO4, 0.4%
NaH2PO4, 0.05% (NH4)2SO4, 0.015% MgSO4•7H2O, 0.001% FeSO4•
7H2O, an initial pH of 7, and 30 ℃. Under these optimal conditions, the
strain could grow using phenol as the sole carbon source at a
concentration of up to 900 ppm.
Keyword : Bioremediation, phenol, Pseudomonas sp.
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Production of Extracellular Vesicles with Light‐Induced Proton
Pump Activity by Proteorhodopsin‐Containing Marine Bacteria

Comparative Genetic Analysis Reveals Temperature Adaptive
Strategy of Dunaliella tertiolecta K0591 and LB999

Yong Min Kwon1, Ajit Kumar Patra1, Hiroshi Xavier Chiura2,3, Sang-Jin Kim4,5*
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National Marine Biodiversity Institute of Korea, Seocheon 33662, Republic
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School of Agriculture, Tokyo University of Agriculture and Technology,
Tokyo, Japan, 4Marine Biotechnology Research Center, Korea Institute of
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Ocean Science and Technology, Busan 49111, Republic of Korea, BJC Co.
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Department of Biological Sciences and KAIST Institutes for the BioCentury,
Korea Advanced Institute of Science and Technology, Daejeon 34141,
Republic of Korea, 2Marine Bioenergy R&D Center, Department of
Biological Engineering, Inha University, Incheon 22212, Republic of Korea,
3
Institute of Pharmaceutical Research, College of Pharmacy, Gachon
University, Incheon 21999, Republic of Korea, 4College of Pharmacy,
5
Chung-Ang University, Seoul 06911, Republic of Korea, Intelligent
Synthetic Biology Center, Daejeon 34141, Republic of Korea

The production and release of extracellular vesicles (EVs) is a common
process occurring in various types of bacteria. However, little is known
regarding the functions of EVs derived from marine bacteria. We
observed that during cell growth, Sediminicola sp. YIK13, a
proteorhodopsin (PR)‐containing marine flavobacterium, produces
EVs (S13EVs). Transmission electron microscopy showed that
Sediminicola sp. YIK13 released two spherical vesicle types, with mono‐
and/or bi‐layered membranes, in the culture. Interestingly, the S13EVs
have an orange pigment, indicating the presence of putative carotenoid
and PR pigments ascribed to the parental cells. The S13EVs
demonstrated the same PR‐derived absorption peak spectrum and light‐
induced proton pump activity as the parental cells. Western blot
(immunoblot) analysis of the S13EVs revealed the presence of PR. We
confirmed the 16S rRNA gene, pro gene, and genes required for
chromophore retinal synthesis, namely blh and crtI, in the DNA
packaged into these vesicles. In addition, by metagenomic sequencing,
we found microbial rhodopsin‐related genes in vesicles derived from
natural aquatic environments. Our results suggest that EVs as well
potentially pursue horizontal gene transfer of diverse microbial
rhodopsin genes in marine ecosystems.
Keyword : Extracellular vesicles, proteorhodopsin, metagenomics
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Current corn-based biofuel has a high cold filter plugging point (CFPP)
value which makes it unsuitable for practical use. However, microalgae
can produce biofuel with low CFPP. Here, we perform a comparative
genetic analysis of two microalgae to elucidate temperature adaptive
strategy. Dunaliella tertiolecta LB999 and K0591 belong to the same
species but are divergent phenotypically. The optimal growth
temperature of LB999 and K0591 are 21℃ and 15℃ respectively, and
K0591 has higher unsaturated fatty acids content thus lowering CFPP.
De novo genome assembly of both strains was conducted resulting in
genomes of size 220 Mb with 1,544 contigs for LB999 and 110 Mb with
2,568 contigs for K0591. Assisted with RNA-sequencing, distinct
features of a cold-adapted strain were characterized. The study reveals
the genetic characteristics of low temperature adapted microalgae and
provides valuable genetic information for the production of practical
biodiesel. This work was supported by Basic Core Technology
Development Program for the Oceans and the Polar Regions
(NRF-2016M1A5A1027458) through the National Research
Foundation (NRF) funded by the Ministry of Science and ICT (MSIT).
Keyword : Microalgae, next generation sequencing
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Studying on the Microbiology of the Indoor Environment:
Analysis of the Bacteria and Fungi Community Using NGS

Isolation and Infection Status Survey of Murine Astrovirus on
Laboratory Mice in South Korea

Hwayong An1, Young-Kyu Lee2*, Gyoungju Nah1*
1
Genome Analysis Center, National Instrumentation Center for Environmental
Management (NICEM), College of Agriculture and Life Sciences, Seoul
National University, Seoul 08826, Republic of Korea, 2Indoor Air Quality
Analysis Center, National Instrumentation Center for Environmental
Management (NICEM), College of Agriculture and Life Sciences, Seoul 08826,
National University, Seoul, Republic of Korea

ChungSu Kim, Min-Soo Seo, Dae-Yong Han, Woo Suk Koh, Eui-Suk
Jeong*, Kil-Soo Kim
Laboratory Animal Center, Daegu-Gyeongbuk Medical Innovation Foundation,
Daegu 41061, Republic of Korea

Many people are living and working inside building. Some studies
estimated that humans in industrialized countries spend as much as 90%
of their lives inside. The indoor microbiome is a major part of our
everyday environment. It affects humans’ wellbeing and therefore its
composition is important for use in inferring human health impacts. In
this study, we wanted to analyze microbial community (bacteria and
fungi) for an indoor environment assessment in office using next
generation sequencing (NGS) analysis method. The aerosol in the office
was collected using water by bio air sampler and then we extracted
genomic DNA from the collected aerosol in the water. For microbiome
community analysis, we prepared library for MiSeq platform –
amplification of the variable region (V3-4) within 16S rRNA to analyze
bacterial community and the internal transcribed spacer (ITS) region to
analyze fungi, and then addition of the adapters and dual-index barcodes
to the amplicon target. In bacteria, the result of sequencing was found
51,744 reads and 226 operation taxanomic units (OTUs), as well as the
result of bioinformatics analysis was detected 17 Phylum [Proteobacteria
(33.64%), Actinobacteria (20.51%), and Firmicutes (17.36%)]. In fungi
was analyzed 88,831 reads and 229 OTUs, and then detected 9 Phylum
[Ascomycota (57.46%), Basidiomycota (19.62%), Mucoromycota
(7.27 %), and Fungi_P (7.03%)].
Keyword : Indoor environment, microbial community, NGS

Astroviruses were first discovered in 1975 in children with diarrhea and
then reported in a wild variety of animals. Until recently, more than 22
species of animals have been reported to be susceptible to astrovirus
infection. The murine astrovirus (MuAstV) was first isolated from a nude
mouse with symptoms of diarrhea in 1985. MuAstV is known a
widespread infectious disease among laboratory mice including
immunodeficient and immunocompetent mice. MuAstV has been doing
extensively studied in laboratory mice worldwide. The first complete
genome sequence of a MuAstV was elucidated in 2011. Infection by
MuAstV was reported in North America, Europe, Middle East and Asia
from 2012 to 2017. Infections with MuAstV were recently reported at
Australia, China and Japan in Asia but unknown at South Korea. In this
study, we were evaluated infection Status of MuAstV on Laboratory
Mice in laboratory animal facilities of South Korea. The PCR assay and
sentinel mice were used for MuAstV detection. MuAstV were
specifically amplified by PCR assay using RNA dependent RNA
polymerase (RdRp) gene. MuAstV has been detected in laboratory mice
of vendor (1/3), research institutes (3/6) and universities (2/5) using PCR
assay and appear to have a wide geographical, institutional distribution
in South Korea.
Keyword : Murine astrovirus, RNA dependent RNA polymerase
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Microbial electrochemical systems (MESs) are systems that utilize
electrochemically active bacteria (EABs) as biocatalysts to convert
chemical energy to other type of energy or materials. Like many other
bacteria, EABs constructs biofilm on electrode which is electron
acceptor of MESs. Electron generated from oxidation of substrate at the
anode of MES are transfered to electrode via intrinsic extracellular
electron transfer system of EABs. Thus, both biofilm formation on
microscale and EET system in nanoscale is considerable factor in MES
development. Up to now, direct electron transfer systems that require
close physical contact between electrode and cell organelles and indirect
electron transfer systems which relies on electron mediators diffused
between cells and electrodes have been identified. In this research, since
the physical contact of the cells with the electrode depends on position
of the microorganism in biofilm, it is suggested that there is a correlation
between the biofilm formation and the tendency of the EET system in
MES.
Keyword : Microbial electrochemical system, biofilm, electron transfer
system

555

K-45
Detection of Salmonella in Habitats of Migratory Birds in South
Korea between 2016 and 2018

Bdellovibrio bacteriovorus Transcriptomic and Cellular Responses
to Extracellular Nutrients and Non-Prey Bacteria
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Robert Mitchell
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Republic of Korea

In South Korea, the population of wild waterfowl has been decreasing
since 2009. Although the exact causes are uncertain, losing habitats due
to industrialization and climate change affecting breeding and wintering
sites, and the shortage of food by environment contamination in habitats
are considered the main factors. Wild birds have a tendency approach
to feed the remained grain crops leaves from agricultural land after
harvest in autumn. The most of poultry farms are is located in the vicinity
of wild birds habitats, and human visit to fishing or rice cultivation in
that place. Thus, wild birds may play a role as vectors spreading zoonotic
pathogens due to sharing habitats with human. These risk factors may
promote pathogen transmission between human and wild birds. For
example, Salmonella infection is known for causing food-borne diseases
in human associated with the ingestion of uncooked or spoiled eggs, meat
from the contaminated animals or environment. In this study, we
investigated the Salmonella infection using cloacal samples of 1,185
wild birds at 8 province sites including habitats near the urban during
period 2016-2018. In addition, we confirmed ecology property using
GPS-Mobile phone based telemetry transmitter in wild birds. From July
2016 to March 2017, eight cases of Salmonella Typhimurium were
isolated from Great Egret at Jeonnam and Chungnam province. In
comparison, one case of Salmonella virchow was isolated from
Spot-billed duck of Jeonnam province during wintering season
2017-2018. Salmonella infection is more frequent in summer and thus
pathogens were more detected on July 2016 than winter season of
2017-2018. Interestingly, These habitats are closely located near poultry
farms and livestock production facilities. Therefore, strict sanitary
restriction is needed to control zoonotic pathogens regarding unsanitary
poultry farms and slaughterhouses.
Keyword : Migratory bird, Salmonella, tracking device
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As a predatory bacterium, Bdellovibrio bacteriovorus, has long been
thought to be dependent on its prey for nutrients and growth. Using
transcriptomics, we found that this was not the case but rather
extracellular amino acids can be used by this organism to produce and
secrete proteases during the attack phase. This response perplexed us
since there seemed to be no strong benefit gained from this activity until
experiments were performed using non-prey biofilms. We found attack
phase B. bacteriovorus responds to Staphylococcus aureus biofilms in
much the same manner, with a burst of proteases being secreted. Under
these conditions, the proteases hydrolyzed the S. aureus proteins that
anchored the biofilm to the surface, leading to dispersal of these bacteria,
all without predation occurring. RNASeq analyses found the
transcriptional responses of B. bacteriovorus to S. aureus biofilms were
more similar to being inside a prey cell than just being provided amino
acids. Additionally, the ATP pools of the predators were significantly
higher (1.7-fold) after interacting with the S. aureus biofilms, which
translated into significantly better downstream predation rates. Both
these findings clearly show a new paradigm in the physiology of this
predator, namely that B. bacteriovorus gains clear benefits when
interacting with non-prey biofilms and cells.
Keyword : Bdellovibrio, transcriptomic
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A novel bacterial strain, NMCR1094T, was isolated from the freshwater
of the Oship stream, Republic of Korea. The bacterial cells were
gram-negative, aerobic, rod-shaped, and had a polar flagellum for
motility. The strain grew in the range of 10-40℃ (optimum, 25℃), pH
6.5-10.0 (optimum 7.0), and 0-0.5% (w/v) NaCl, on R2A agar medium.
The 16S rRNA sequence analysis showed the relatedness of
NMCR1094T to Phreatobacter cathodiphilus KACC18497T (98.7%),
Phreatobacter stygius (98.5 %) and Phreatobacter oligotrophus (98.4
%), indicating that the strain belongs to the genus Phreatobacter. The
genomic G + C content of NMCR1094T was 65.8 mol%. The average
nucleotide identity and digital DNA–DNA hybridisation values for the
complete genome were 78.27-78.51% and 20.13-20.52%, respectively.
The whole genomesequence of Phreatobacter aquaticus NMCR1094T,
which contains 4,974,952 bp with a G+Ccontent 65.8%, and to include
4,701 protein-coding genes, 48 tRNA genes and 6 rRNA genes. The
genome was determined to contain the genes encoding formate
dehydrogenase genes fdhF, fdsB, fdsG, mobB, moeA and fdhD as gene
T
clusters. The major respiratory quinone found in NMCR1094 was
ubiquinone-10 (Q-10). The major fatty acids were summed feature 8
(C18:1 ω7c and/or C18:1 ω6c) and C18:1 ω7c 11-methyl. The polar lipid profile
consisted
of
diphosphatidylglycerol,
phosphatidylglycerol,
phosphatidylcholine, phosphatidylethanolamine, six unidentified
glycolipids, three unidentified phospholipids, and an unidentified
aminophospholipid. Based on this data and a polyphasic taxonomic
study, NMCR1094T was shown to be a novel species belonging to the
genus Phreatobacter, for which the name Phreatobacter aquaticus sp.
T
T
nov. was proposed, with NMCR1094 (= KACC 19706 = NBRC
T
113394 ) as the type strain.
Keyword : Phreatobacter aquaticus, formate- utilizing

L-2
Genomic Classification of Salmonella spp. Isolated from Korea
*

Youmi Song, Hak Dong Shin
Department of Food Science and Biotechnology, College of Life Science,
Sejong University, Seoul 05006, Republic of Korea

The genomic classification of Salmonella spp. isolated from Korea could
provide detailed information on the genetic features of these foodborne
pathogens in Korea. A total of 196 Salmonella enterica spp. was
sequenced based on the Illumina MiSeq platform (2x301 bp, paired-end)
and phylogenetic analysis was conducted. Filtered sequence reads were
assembled using A5 assembly pipeline and scaffolds were annotated by
RASTtk pipeline. The composition of the phylogenetic tree showed 14
main clusters. A bioinformatics platform for serotyping analyses,
Salmonella in silico Typing Resource (SISTR), indicated 13 serotypes
(S. Braenderup, S. Montevideo, S. Enteritidis, S. Livingstone, S.
Typhimurium, S. Thompson, S. Bareilly, S. Infantis, S. Virchow, S.
Panama, S. Reading, S. Heidelberg, and S. Newport). In the further
comparative analysis based on annotated gene profiles in each cluster
will provide more detailed phylogenetic insight.
Keyword : Phylogenetics, bioinformatics, Salmonella

L-3
Korean Young Adults Gut Microbiome According to Enterotype
and Gender
*

Jiyoung Park, Hakdong Shin
Department of Food Science and Biotechnology, College of Life Science,
Sejong University, Seoul 05006, Republic of Korea

Poster Session

Enterotype is a classification based on the dominant group of bacteria
present in the human intestine. In this study, the gut microbiome of
Korean young adults (n=62; ages 20-35 years) was analyzed according
to enterotype and gender. The standardized protocol of the Earth
Microbiome Project was used based on 16S rRNA sequencing
technology (Illumina MiSeq). Enterotypes of Korean young adults were
clearly classified into two groups (Prevotella-dominant group or
Bacteroides-dominant group) and there were significant differences in
microbial composition in accordance with enterotype and gender. The
Bacteroides-dominant group showed more differences in the microbial
composition according to gender, in relation to the Prevotella-dominant
group. This study will provide profiles of Korean young adults gut
microbiota based on enterotype and gender. Further study is needed to
identify functional differences by gender and enterotypes of gut
microbiome based on multi-omics tools.
Keyword : Enterotype, gut microbiome, gender
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Evaluation of Stability on Gut Microbiota in Korean Young Adults
during 7 Months

Consumption Effects of Brewed Type Coffee and Instant Coffee
Mix on Korean Gut Microbiome

Yunsun Jeong, Hakdong Shin*
Department of Food Science and Biotechnology, College of Life Science,
Sejong University, Seoul 05006, Republic of Korea

Gwoncheol Park, Hakdong Shin*
Department of Food Science and Biotechnology, College of Life Science,
Sejong University, Seoul 05006, Republic of Korea

Composition and diversity of the human gut microbiota have been
associated with various factors such as eating habits, residential
environment, health condition, etc. Understanding the stability of gut
microbiota composition could provide novel insight to identify the roles
of the gut microbiome in disease management and prevention. In this
study, thirteen Korean young adults (aged 21-31 years) participated and
fecal samples were collected during 7 months. Collected samples were
analyzed using 16S rRNA sequencing technique (V4 region; Illumina
MiSeq) and QIIME pipeline. There was no significant difference in the
alpha diversity of gut microbiome in subjects for 7 months, but microbial
composition differed during 7 months (p-value=0.004). When we
defined the core microbiota that presented in >95% of all samples, this
core microbiota was dominated for each subject by more than 75% of
mean relative abundance. In addition, the abundance of the core
microbiota was not affected by period. These results suggested that the
gut microbiota of adults was dominated by a stable core microbiota. It
is necessary to identify the core microbiota and the unstable bacterial
components and to study each functionality.
Keyword : Microbiota, Core microbiota, Stability

Coffee containing more than 1,500 chemical components is widely
consumed in the world. Its consumption has been increased rapidly in
Korea and its market comes in two ways, one is brewed type coffee, and
the other is an instant coffee mix. Since two types of coffee are different
in sugar content, it is necessary to identify the effect of these coffee types
on gut microbiota, respectively. We analyzed the gut microbiota of 30
subjects to compare the effect of coffee consumption on gut microbiota.
Samples were collected before and after drinking coffee at 3-time points
for 7 days and analyzed using 16s rRNA gene-based sequencing (V3-V4
region, Illumina Miseq) based on Earth Microbiome Project. Microbial
diversity showed a tendency to decrease and then restore again after
consumption of both types of coffee, especially in Prevotella type.
General consumption effects on the microbial composition after the
consumption of two types of coffee were almost similar. These results
implied that additional consumption of sugar via instant coffee affect
minor changes of the gut microbiota. This study also suggested that the
consumption effects of instant and brewed coffee on gut microbiome
differs according to gut enterotype (based on major bacterial
component).
Keyword : Coffee, gut microbiome, gut enterotype
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Competition Test of Lactic Acid Bacteria with Gut Microbiota
Based on in vitro Gut Microbiota Incubation System
*

Soohyun Sung, Hakdong Shin
Department of Food Science and Biotechnology, College of Life Science,
Sejong University, Seoul 05006, Republic of Korea

Several lactic acid bacteria (LAB) are known to have beneficial effects
on human health. However, there was a limitation on methods to identify
the effects of LAB on the gut microbiome. In this study, we have
constructed in vitro Korean gut microbiota incubation system to test
competition ability of LABs on the gut microbiome. We collected the
fecal samples from Bacteroides-dominated donors (n=6, female=3,
male=3) and Prevotella-dominated donors (n=6, female=3, male=3).
After the fecal samples were inoculated, the inoculations were incubated
in anaerobic condition to construct in vitro Korean gut microbiota
incubation system. To analyze microbiota changes in this study, we used
16S rRNA gene-based sequencing technique (V4 region; Illumina
MiSeq) based on the standardized protocol by Earth Microbiome Project
(EMP). We found that one of LAB strains derived from Korean fermented
foods showed higher remained LAB contents after incubation, in relation
to other LAB strains. This results showed that this incubation system
could be used to screen LAB which has higher stability in Korean
intestinal environment.
Keyword : In vitro fecal fermentation, lactic acid bacteria, microbiome
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Taxonomic Characterization of Three Novel Lacihabitans Species
Ji-Hye Han1, Kiwoon Baek2, Seoni Hwang1, Eui Jin Kim1
1
Bacterial Research Team, Microbial Research Department, Nakdonggang
National Institute of Biological Rsources(NNIBR), 137, Donam2-gil,
Sangju-si, Gyeongsangbuk-do, 37242, Republic of Korea, 2Bioresource
Collection & Research Division, Bioresources Industralization Support
Department, Nakdonggang National Institute of Biological Resources(NNIBR),
137, Donam2-gil, Sangju-si, Gyeongsangbuk-do 37242, Republic of Korea

Three Gram-negative, non-motile, orange colored strains were isolated
from sediment of Nakdong River, Chodang cave and Lagoon.
Phylogenetic analysis based on 16S rRNA gene sequences revealed that
these strains belong to the genus Lacihabitans of the family
Cytophagaceae. All strains were closely related to Lacihabitans
soyangensis HME6675T with 96.63–98.65% similarities and they were
very similar to each other(97.28–99.30%). Genome based calculations
(orthologous average nucleotide identity, genome-to-genome distance
and DNA G+C mol percentage) indicated clearly that these strains
represent novel species within this genus. The novel strains grew over
a temperature range of 15-30℃, at pH values of 6.0-8.0 and in the
presence of 0-1.0%(w/v) NaCl. The major menaquinone was MK-7 and
the major cellular fatty acids were iso-C15:0 and Summed feature(C16:1
ω7c/C16:1 ω6c). Based on this polyphasic approach comprising
phenotypic and genotypic characterization, these three strains can be
differentiated clearly from its phylogenetic relatives, establishing novel
species.
Keyword : Lacihabitans, novel species
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T

Isolation and Characterization of Flavobacterium sp. GS13
*

Sang-Mi Yu, Hyangmi Kim
Freshwater Bioresources Utilization Bureau, Nakdonggang National
Institute of Biological Resources, Sangju 37242, Republic of Korea

A bacterial strain, designated as strain GS13T, with Gram-stain-negative
and non-motile rod-shaped cells, was isolated from sediment in a branch
of the Nackdong River in Sangju, Korea. Growth occurred at pH 6.5–8.0
(optimum, pH 7.0), at 10-30℃ (optimum, 20℃) and an optimum NaCl
concentration of 0% (w/v). Phylogenetic analyses based on 16S rRNA
gene sequences showed that strain GS13T was identified as a member
of the genus Flavobacterium and most closely related to Flavobacterium
soyangense IMCC26223T (97.03%), Flavobacterium fluvii 19978T
(96.86%), Flavobacterium alvei HR-AYT (96.86%) and Flavobacterium
myungsuense HMD1033T (96.75%). The DNA G+C content of strain
GS13T was 37.5 mol%. The dominant fatty acids were summed feature
3 (C16:1 ω7c and/or C16:1 ω6c) and iso-C15:0. The major polar lipids
were phosphatidylethanolamine, three unidentified aminolipids, three
unidentified lipids, and one unidentified aminophospholipid. The
predominant respiratory quinone was MK-6. On the basis of the evidence
presented in this study, strain GS13T can be distinguished from closely
related species belonging to the genus Flavobacterium. Thus, strain
GS13T is a novel species of the genus Flavobacterium.
Keyword : Flavobacterium, Nackdong River

L-9

Comparative Genomic Analysis of Four Probiotic Lactobacillus
species, L. acidophilus, L. helveticus, L. rhamnosus, and L. casei
Yusook Chung1,2, Min-jung Kwak1, Sanghyun Lim2, Jihyun F. Kim1,4*,
Young-Do Nam3
1
Department of Systems Biology and Division of Life Sciences, Yonsei
University, 50 Yonsei-ro, Seodaemun-gu, Seoul 03722, Republic of Korea,
2
R&D Center, Cell Biotech Co., Ltd., 50, Aegibong-ro 409 beon-gil,
Wolgot-myeon, Gimpo-si, Gyeonggi-do 10003, Republic of Korea, 3Research
Group of Gut Microbiome, Korea Food Research Institute, 245
Nongsaengmyeong-ro, Iseo-myeon, Wanju-gun, Jeollabuk-do 55365,
Republic of Korea, 4Strategic Initiative for Microbiomes in Agriculture and
Food, Yonsei University, Seoul 03722, Republic of Korea

Lactobacillus species are members oflactic acid bacteria and are widely
used as a starter culture in themanufacture of fermented food products
or probiotics for health improvement,because of its high metabolic
function to produce various bioactive compounds.Here, we report the
genome sequence of Lactobacillushelveticus LH5 and Lactobacillusrhamnosus
LR5, each of which had been isolated from a healthy Korean adult.DNA
sequencing was performed using the PacBio platform to assemble the
genomesand Illumina MiSeq to improve the sequence accuracy. The
genome sequences of L. helveticus LH5 and L. rhamnosus LR5 were
compared withthose of other strains in the species, along with those of
Lactobacillus casei, Lactobacillusacidophilus. Using the genomic
information, we underwent a comparativegenomic analysis of factors
that might be involved in adaptation to the hostintestinal conditions,
S-layer proteins, antioxidants, and bacteriocins. Wefound that strains
possessinga high ratio of strain-specific genes tend to have more genes
for adaptation indifferent environments. In the same context, S-layer
gene clusters andantioxidant genes were more wildly distributed among
habitat-versatile strains.A number of bacteriocin gene clusters were
identified using a combination of in silico prediction tools.
Keyword : Lactobacillus, Probiotics, Taxonomy

L-11

Isolation and Identification of Bacterium, Chryseobacterium Strain
T
G2-70 , from Effluent of Livestock Manure Treatment Facility
*

Kui-Jae Lee, Swati Tyagi, Jong-Chan Chae
Division of Biotechnology, Chonbuk National University, Iksan 54596,
Republic of Korea
T

Jeongeun Han, Woorim Kang, June-Young Lee, Ho-Jun Sung,
Dong-Wook Hyun, Hyun Sik Kim, Pil Soo Kim, Euon Jung Tak, Yun Seok
Jeong, Jae-Yun Lee, So-Yeon Lee, Ji-Hyun Yun, Mi-Ja Jung, Na-Ri Shin,
*
Tae Woong Whon, Jin-Woo Bae
Department of Life and Nanopharmaceutical Sciences and Department of
Biology, Kyung Hee University, Seoul 02447, Republic of Korea

A novel rod-shaped, facultative aerobic, Gram-negative, and non-motile
T
bacterium, designated strain H23M31 , was isolated from the gut of a
Ciconia boyciana. Phylogenetic analysis based on the 16S rRNA gene
T
sequence similarity indicated that strain H23M31 is most closely related
T
to Aequorivita capsosiphonis DSM 23843 , sharing 96.36 % similarity
with that strain. Strain H23M31T belongs to the genus Aequorivita, which
T
shares a clade with A. capsosiphonis DSM 23843 in a phylogenetic tree
T
based on the 16S rRNA sequences. Strain H23M31 grows optimally
on 30℃, at a pH of 7 and 1-2% (w/v) NaCl in a marine broth medium.
The predominant cellular fatty acids are Iso-C15:0 and Iso-C17:0 3OH. The
major respiratory isoprenoid quinone is ubiquinone MK-6. Based on
genome sequencing, the DNA G+C content of strain H23M31T is 38.25
mol %, with an average nucleotide identity value, calculated by a
T
comparative genomic analysis of strains H23M31 and A. capsosiphonis
DSM 23843T, of 73.93%. Based on the phylogenetic, genotypic, and
T
phenotypic information, strain H23M31 is proposed to be a novel
T
species of the genus Aequorivita. The type strain is H23M31 (= KCTC
62809T = JCM 33229T).
Keyword : Aequorivita, Ciconia boyciana, gut

Poster Session

Strain G2-70 was isolated during a study on the diversity of antibiotic
resistant bacteria from effluent of livestock manure treatment facility in
Republic of Korea. Colonies of strain G2-70Ton Trypticase soy agar were
light brown colored, round and convex with entiremargins.
Identification by 16S rRNA gene sequencing and BLAST analysis
usingEZ-Taxon revealed that strain G2-70T belonged to the genus
T
Chryseobacterium. Strain G2-70 showed the highest similarityto
T
Chryseobacterium haifense H38 (96.16%) and Chryseobacterium
oncorhynchi 701B-08T (95.93%), a valuebelow the threshold for
T
description of novel species. Strain G2-70 growsaerobically at
temperature 10-45 ºC (optimum 30 ºC), pH 4.0–10.5 (optimum pH7.0)
and with 0-2% NaCl. Cells of the isolate were rod shaped, gramstain
negative, aerobic, motile, and ampicillin resistant. The dominantcellular
fatty acids were 15 : 0 iso (47.64%), 13 : 0 iso (4.68%) and 17 : 0 iso 3-OH
(14.21%) and predominant respiratory quinone was MK-6.
Furtherphenotypic and genotypic data will help us to propose the strain
T
G2-70 as novel species of the genus Chryseobacterium.
Keyword : Livestock manure treatment facility, Chryseobacterium,
effluent

Aequorivita ciconiae sp. nov., Isolated from the Gut of Ciconia
boyciana
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L-12
Mission and Resources Status of Korea Mushroom Resource Bank
(KMRB)

Brevibacillus sp.TGS2-1 with a Broad Range of Antibacterial
Activity, Isolated from Soil in the Nakdong River

Min-Ji Kim, Hyun Lee, Ki Hyeong Park, Young Woon Lim*
School of Biological Sciences and Institute of Microbiology, Seoul National
University, Seoul 08826, Republic of Korea

Young Ho Nam1, Ahyoung Choi1, Kiwoon Baek2, Eu Jin Chung1*
1
Microbial Research Department, NNIBR, Sangju-si, Gyeongsangbuk-do 37242,
Republic of Korea, 2Bioresources Industrialization Support Department,
NNIBR, Sangju-si, Gyeongsangbuk-do 37242, Republic of Korea

The Korea Mushroom Resource Bank (KMRB) was launched as a
national research resource bank in 2015 by the Ministry of Science, ICT
and Future Planning. The main goal of the KMRB is to secure important
biological resources, mushroom-forming basidiomycota, significant
sources of fundamental and novel substances and materials, as dried
specimen, cultures, and genomic DNA. Up to date, KMRB keeps two
types of mushroom resource to distribute to company, institute, and
university: cultures (241 genera, 1,340 species) and spore prints (266
genera, 554 species). KMRB has a variety of mushroom resources,
including medicinal mushroom (e.g., Fomitopsis, Ganoderma, and
Sanghuangporus) and edible mushrooms (e.g., Hypsizygus, Lentinula,
and Lentinus). In addition, many decay fungi such as Irpex and
Phanerochaete which are also industrially useful due to their excellent
enzyme production are deposited in the KMRB. In order to promote the
utilization of the fungal resources in medical, industrial, and academic
uses, the KMRB is undertaking the following tasks: 1) Survey natural
environments across Korea to catalogue mushroom diversity, 2)
Establish resource management system based on accurate identification
of mushroom, 3) Evaluate the usefulness of the discovered mushroom,
4) Create a secure preservation and ordering system. With a global focus
on utilizing natural resources, mushroom resources provide excellent
opportunities for academic research, and discovering novel substances
for use as medicine and energy.
Keyword : The Korea Mushroom Resource Bank, basidiomycota,
biological resources

A Gram-stain-positive, aerobic, motile, and rod-shaped bacterial strain
designated TGS2-1T was isolated from surface soil of the Nakdong
River, Republic of Korea. Optimal growth of strain TGS2-1T was
observed at 25℃ and pH 7.0 without NaCl. Strain TGS2-1T revealed
antibiosis against various bacteria, including Staphylococcus aureus
(methicillin resistant strains), Enterococcus faecalis KCCM 11814,
Escherichia coli KCTC 2443, Candida albicans KACC 7270 and
Filobasidium neoformans KCTC 7902. Phylogenetic analyses based on
16S rRNA gene sequences indicates that strain TGS2-1T belonged to
the genus Brevibacillus and shared 93.8%–99.7% 16S rRNA gene
sequence similarities with Brevibacillus species. Whole-genome
sequencing of strain TGS2-1T revealed a genome size of 6.2 Mbp and
DNA G+C content of 47.0 mol%. The TGS2-1T genome shared an
average nucleotide identity and digital DNA-DNA hybridization of
74.59%–93.32% and 6.56%–22.22%, respectively, with six related
Brevibacillus genomes. The major fatty acid constituents of the strain
TGS2-1T were anteiso-C15:0 (62.3%), anteiso-C17:0 (10.8%). Cells of
strain TGS2-1T contained diphosphatidylglycerol (DPG), phosphatidylglycerol
(PG), phosphatidylethanolamine (PE), seven unidentified aminophospholipids
(APL1–7) and two unidentified lipids (L1–2). The isoprenoid quinone
detected in the strain was MK-7. Based on data obtained from this
polyphasic taxonomic study, strain TGS2-1T represents a novel species
belonging to genus Brevibacillus, for which a name of B. antibioticus
sp. nov. is proposed. The type strain is TGS2-1T (=KCCM 90326T
=NBRC 113840T).
Keyword : Antibacterial, Brevibacillus

L-13
A Novel Bacterium of Genus Maribacter, Isolated from Seawater
Jaejoon Jung
Department of Applied Research, National Marine Biodiversity Institute of
Korea, Seochun-gun, Chungchungnam-do 33662, Republic of Korea

A Gram-stain-negative, orange-pigmented, non-spore-forming, non-motile,
T
aerobic, rod-shaped bacterial strain, designated, MJ134 , was isolated
T
from seawater. Strain MJ134 grew at 10-35℃, pH 6.0–8.0 and 1–4%
(w/v) NaCl. Phylogenetic trees based on 16S rRNA gene sequences
T
revealed that strain MJ134 was grouped into the genus Maribacter, and
was closely related to Maribacter aestuarii GY20T (97.11% identity).
In silico DNA-DNA hybridization (DDH) of genome sequences
T
determined 27.4–35.2% DDH values between strain MJ134 and type
strains of Maribacter species. The strain possessed MK-6 as the
predominant menaquinone and iso-C15:0, iso-C15:1, and iso-C17:0 as the
major cellular fatty acids. The major polar lipids detected in strain
MJ115T were phosphatidylethanolamine, unidentified glycolipids, and
unidentified lipids. The DNA G+C content was 40.1 mol%. Differential
biochemical and phenotypic properties along with phylogenetic and
genetic distinctiveness, revealed that strain MJ134T is separated from
recognized species of the genus Maribacter. On the basis of the data
T
presented, strain MJ134 represents a novel species of the genus
Maribacter. The type strain is MJ134T (=KCTC 62827T).
Keyword : Maribacter, Taxonomy, Flavobacteria
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Pedobacter pallidirosea sp. nov., Isolated from Korean Cornel
Dogwood (Cornus officinalis)
Heeyoung Kang, Seokhyeon Bae, JiHyeon Lee, Haneul Kim, Kiseong
Joh*
Department of Bioscience and Biotechnology, Hankuk University of Foreign
Studies, Yongin 17035, Republic of Korea

An aerobic, Gram stain-negative, light pink colored and rod-shaped
bacterium, designated as strain HMF7647T, was isolated from Korean
cornel dogwood (Cornus officinalis). Phylogenetic analysis based on
T
16S rRNA gene sequence placed strain HMF7647 within the genus
Pedobacter, family Sphingobacteriaceae. Strain HMF7647T was the
T
most closely related to Pedobacter luteus DSM 22385 (95.7% sequence
T
similarity), Pedobacter tournemirensis TF5-37.2-LB10 (95.1%) and
Pedobacter huanghensis M1-27T (94.6%). The genome size of strain
T
HMF7647 was 4.8Mb, comprising 4,199 predicted genes. The G+C
content of the genomic DNA was 42.5 mol%. The major cellular fatty
acids of strain HMF7647T were iso-C17:0 3-OH, summed feature 3(C16:1ω
7c/C16:1ω6c) and iso-C15:0. The predominant respiratory quinone is
menaquinone-7. The polar lipids were found to comprised of
phosphatidylethanolamine, four unidentified aminolipids and seven
unidentified polar lipids. Based on these data, the isolates are considered
to represent a novel species of the genus Pedobacter, for which the name
Pedobacter pallidirosea sp. nov. is proposed. The type strain is
T
T
T
HMF7647 (=KCTC 72283 =NBRC -ing ).
Keyword : Cornus officinalis, 16S rRNA gene, Korean cornel dogwood
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Deinococcus aboris sp. nov., a Novel Bacterium Isolated from a
Birch Tree (Betula platyphylla)

Seasonal Variation of Microbial Communities Related to Hypoxia
Events in Jinhae Bay

Heeyoung Kang, JiHyeon Lee, Seokhyeon Bae, Inseong Cha, Kiseong
Joh*
Department of Bioscience and Biotechnology, Hankuk University of Foreign
Studies, Yongin 17035, Republic of Korea

Eunhye Jo1, Hyeonju Lee1, Yunjung Park1, Bongkeun Song2, Soonmo An3,
Jaeho Cha1*
1
Department of Microbiology, College of Natural Sciences, Pusan National
University, Busan 46241, Republic of Korea, 2Department of Biological
Sciences, Virginia Institute of Marine Science, Gloucester Point, VA, United
States, 3Coastal Environmental System School, Pusan National University,
Busan 46241, Republic of Korea

A reddish-pigmented strain HMF7620T was isolated from a birch tree
(Betula platyphylla). Cells were observed to be Gram-negative,
short-rod shaped and non-motile. Phylogenetically the strain groups
with the members of the genus Deinococcus and exhibits high 16S rRNA
T
gene sequence similarities with Deinococcus multiflagellatus ID1504
T
(95.6%), Deinococcus aquaticus PB314 (94.2%) and Deinococcus
seoulensis 16FIET (93.5%). Strain HMF7620T possessed menaquinone-8
(MK-8) as the major respiratory quinone system, summed feature 3 (C16:1
ω7c and/or C16:1ω6c), C16:0, C17:0 and C15:1ω6c as the major fatty acids.
The polar lipids were found to consist of one unidentified
phosphoglycolipid, three unidentified glycolipids, two unidentified
phospholipids, one unidentified aminophospholipid. The genomic DNA
G+C content of strain HMF720T was 67.3 mol%. Based on the polyphasic
T
evidence, strain HMF7620 should be classified as a novel Deinococcus
species, for which the name Deinococcus arboris sp. nov. (=KCTC
43051T, =NBRC -ingT) is proposed.
Keyword : Birch tree, Betula platyphylla, 16S rRNA gene

L-17

Hypoxia, a symptom of eutrophication, has drastic impacts on ecosystem
health and economic loss. The changes in microbial community
responding to hypoxia will alter biogeochemical processes occurring in
pelagic and benthic systems. To investigate the microbial community
responding to alternating oxic and anoxic conditions, we examined
seasonal dynamics of water and sediment microbial communities along
the different stages of hypoxic conditions in the Jinhae Bay, South Korea.
Next-generation sequencing (NGS) analysis of 16S rDNA targeting V4
region was employed to examine the changes in composition and
diversity of microbial communities. NGS analysis revealed that hypoxia
conditions resulted in substantial changes in microbial community
composition and specific taxa abundances in both water and sediments.
Regardless of sampling depths, microbial community structures were
varied along with the changes in dissolved oxygen (DO) concentrations
in water and sediments, indicating DO concentration was a major factor
influencing both communities. Principal Coordinates analysis (PCoA)
revealed that water communities had rapid responses to the hypoxia than
sediment communities. The changes in biochemical functions of each
community will be further examined using a bioinformatic program.
Keyword : Microbial community, hypoxia, taxonomic analysis

L-19

Pontibacillus halopraeferens sp. nov., Isolated from a Solar Saltern
*

Inseong Cha, Haneul Kim, Heeyoung Kang, Kiseong Joh
Department of Bioscience and Biotechnology, Hankuk University of Foreign
Studies, Yongin 17035, Republic of Korea
T

Jae Ho Joa, YoungEel Moon, Seokbeom Kang, GyeongRok Yang
Citrus Research Institute, NIHHS, RDA, Seogwipo 63607, Republic of Korea

If the water supply to the tangerines is restricted to the roots for a certain
period of time, the movement of nutrients is restricted due to lack of
moisture and the roots are allowed to die. Changes in soil moisture
content affect species and density of microorganisms. The microbial
community structure and diversity of citrus tree rhizosphere soil and
roots were evaluated according to changes in soil moisture content after
citrus flowers. It was carried out from June to August at the same citrus
house, Soil microbial populations, species richness estimates and
diversity indices were investigated before and after water supply. Soil
pH value was 5.9 and exchangeable cations of Ca and Mg showed 10.3,
4.2 cmolkg-1, which were of good chemical properties. OTUs of bacteria
and fungi had more in rhizosphere soil than roots. The number of OTUs
changed with changes in soil moisture content. The species richness
estimates Ace and Chao1, Shannon diversity indices were higher in
rhizosphere soil than in roots. Microbial distribution was affected by
changes of moisture content more than nutrient contents in soil.
Keyword : Microbial community structures, citrus, soil moisture

Poster Session

A halophile bacterium, designated strain HMF3514 , was isolated from
T
a solar saltern of Shinan, Republic of Korea. Strain HMF3514 was a
Gram-staining-positive, pale yellow pigmented, aerobic and
rod-shaped. Phylogenetic analysis based on 16S rRNA gene sequences
T
showed that strain HMF3514 belonged to the genus Pontibacillus and
was closely related to Pontibacillus marinuss BH030004T (99.9-100 %
T
sequence similarity) and P. chungwhensis BH030062 (98.0 %). The
T
strain HMF3514 showed an average nucleotide identity (ANI) value
of 90.8 % and a digital DNA-DNA hybridization (dDDH) value of 42.0
T
% with P. marinus BH030004 based on genome sequences, followed
T
by P. chungwensis BH030062 with ANI and dDDH values of 71.7 %
and 19.6 %, respectively. The major fatty acids were iso-C15:0, iso-C16:0,
iso-C14:0 and anteiso-C15:0. The predominant isoprenoid quinone was
MK-7. The major polar lipids were diphosphatidylglycerol, phosphatidylglycerol,
two unidentified glycolipids and one phospholipid. The genomic DNA
G+C content was 38.6 mol%. Thus, based on the phylogenetic,
T
phenotypic and chemotaxonomic data, strain HMF3514 represents a
novel species of the genus Pontibacillus, for which the name
Pontibacillus halopraeferens sp. nov. is proposed. The type strain of the
T
species is HMF3514 (=KCTC-ing =NBRC-ing).
Keyword : Taxonomy, halophile bacterium, 16S rRNA

Microbial Community Structures of Citrus Tree Rhizosphere Soil
and Root According to Soil Moisture Content Change in P. E.
House
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A Flexirubin-Type Pigment Producing Bacterium of the Family
Flavobacteriaceae, Isolated from Coastal Seawater of Korea

Comparison of Bacterial Communities Associated with the Genus
Callyspongia Sponges Using Illumina Miseq

Jisung Oh, Dong-Hyun Roh*
Department of Microbiology, Chungbuk national university, Cheongju
28644, Chungbuk, Republic of Korea

You-Jin Kim, Jin-Sook Park*
Department of Biological Science and Biotechnology, Hannam University,
Daejeon 34430, Republic of Korea

Gram staining-negative, catalase- and oxidase-positive and
flexirubin-type pigment producing bacterium, designated strain EG-1,
was isolated from coastal seawater, Tongyeong of Korea. Colonies were
orange pigmented, circular with entire margin and had size of 0.7-1.0
mm. Growth range of temperature was 4-35℃ (optimum 25℃), and
optimal NaCl concentration for growth was 2.0%. D-glucose, mannose,
mannitol, N-acetyl-gluconate, maltose, D-melibiose, rhamnose,
D-sucrose, salicin and L-fucose were utilized as sole carbon source.
Phylogenetic analyses based on 16S rRNA gene sequence showed that
strain EG-1 was fall into the family Flavobacteriaceae and its closest
phylogenetic neighbour was Kriegella aquimaris KMM 3665T showing
92.6% 16S rRNA gene sequence similarity. DNA G+C content was 33.5
mol%. Based on the low 16S rRNA gene similarity and phenotypic
characteristics, strain EG-1 should be classified as a novel species in the
family Flavobacteriaceae. (Supported by NRF-2017R1D1A3B04033871)
Keyword : Flavobacteriaceae, novel bacterium

The bacterial community structures of two marine sponges,
Callyspongia ramose and Callyspongia confoederata, collected from
the Jeju Island in February 2017, were analyzed by Illumina Miseq
platform. Two specimens of each sponge species were used for DNA
extraction and the V3V4 region of the 16S rRNA gene was sequenced.
All sponge samples contained Acidobacteria, Actinobacteria,
Bacteroidetes, Chloroflexi, Cyanobacteria, Firmicutes, Nitrospirae,
Proteobacteria, Spirochaetes. But, Tenericutes, Fusobacteria and
Planctomycetes were detected only from the C. confoederata. Bacterial
community of C. ramosa was clearly dominated by Gammaproteobacteria
(especially Inmirania species), while Alphaproteobacteria, Betaproteobacteria
and Bacteroidetes were found higher in the C. confoederata. Given alpha
diversity indices, the bacterial community associated with C. confoederata
is more diverse and abundant than C. ramose. This analysis provided
further evidence that the bacterial communities associated with marine
sponge formed host specific.
Keyword : Sponge, Miseq, bacterial community
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Description of Novel Strain Muricauda sp. 176CP5-101 from
Marine Sponge
*

*

Tae-gi Shin, Kyu-hang Lee , Jin-sook Park
Department of Biological Science and Biotechnology, Hannam University,
Daejeon 34430, Republic of Korea

A Gram-stain-negative, aerobic, yellow-pigmented bacterium,
designated strain 176CP5-101, was isolated from the marine sponge
Hymeniacidon sinapium collected from the Yellow Sea coast of the
Republic of Korea. Phylogenetic analysis based on 16S rRNA gene
sequences indicated that strain 176CP5-101 belonged to the family
Flavobacteriaceae and showed the highest 16S rRNA gene sequence
T
similarity with Flagellimonas eckloniae DOKDO 007 (94.23 %). Strain
176CP5-101 grew at 10–30℃, with and optimum of 25℃. The pH range
for growth was between 6.5-8.5, with optimum of pH 7.5. The range of
NaCl concentration for growth was between 1.0-7.0 % (w/v), with an
optimum of 3.0 %. The DNA G+C content of strain 176CP5-101 was
46.6 mol%. The major fatty acids were iso-C15 : 1 G (31.96 %), iso-C15
: 0 (23.45 %), iso-C17 : 0 3-OH (21.35 %). The major respiratory quinone
was menaquinone-6. The polar lipids were phosphatidylethanolamine,
two unidentified lipids and one unidentified aminolipid. On the basis of
the polyphasic analyses, strain 176CP5-101 is considered to represent
a novel species of the genus Flagellimonas .
Keyword : Marine sponge, Flagellimonas, 16S rRNA
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Seasonal Comparison of Diversity in the Bacterial Communities
Associated with the Marine Sponge, Dictyonella hirta, Based on
Illumina MiSeq
*

Jun-Pyo Lee, Jin-Sook Park
Department of Biological Science and Biotechnology, Hannam University,
Daejeon 34430, Republic of Korea

The community structures of the symbiotic bacteria, Dictyonella hirta,
collected from Jeju Island on August 2017(summer) and February
2017(winter) were compared by the Illumina MiSeq based on cultivation
independent method. From the genomic DNA of the collected sponge,
the V3V4 region of the 16S rDNA was amplified to perform the MiSeq
platform. Through the Illumina MiSeq method, the bacterial
communities associated with D. hirta, collected in summer was
composed of Actinobacteria, Cyanobacteria, Firmicutes, Fusobacteria,
Nitrospirae, Proteobacteria and Spirochaetes as 7 phylum, 7 classes.
Another sponge, collected in winter, reprents 11 phylum, 11 classes:
Actinobacteria, Bacteroidetes, Chlamydiae, Chloroflexi, Cyanobacteria,
Firmicutes, Fusobacteria, Nitrospirae, Planctomycetes, Proteobacteria
and Verrucomicrobia. Regardless of the season, Actinobacteria,
Cyanobacteria, Firmicutes, Fusobacteria, Nitrospirae, Proteobacteria
were shown on the analysis. Spirochaetes were found only in the sponges,
collected in summer, and Bacteroidetes, Chloroflexi, Chlamydiae,
Verrucomicrobia and Planctomycetes were found only in the sponges,
collected in winter. Consequently, there are actual seasonal differences
between the community structures of the same sponge, Dictyonella hirta.
Keyword : Marine sponge, bacterial communities, Illumina MiSeq
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Characterization of Raw Milk Microbiota and Spore-Forming
Bacteria in Korean Dairy Farms

The Effect of Cold Temperature on the Growth and Diversity of
Antarctic Bacterial Isolates from the King George Island

Sangdon Ryu1, Woong Ji Lee1, Hyejin Choi1, Bohyun Yun1, Su Jin Lee1,
Ha Young Kim2, Daye Mun2, Minkyoung Kang3, Sangnam Oh3*,
2*
Younghoon Kim
1
Department of Animal Science and Institute of Milk Genomics,
Chonbuk
2
National University, Jeonju 54896, Republic of Korea, Department of
Agricultural Biotechnology and Center for Food and Bioconvergence, and
Research Institute of Agriculture and3Life Science, Seoul National University,
Seoul 08826, Republic of Korea, Department of Functional Food and
Biotechnology, Jeonju University, Jeonju 55069, Republic of Korea

Jae Hak Sohn1,4, Yu Ri Choe1, Gi Seob Hong1, Eun Gyoung Kim1, Seong
Ju Cho1, A-Yeong Park1, Hyuncheol Oh2, Joung Han Im3
1
Major in Food Biotechnology, Division of Bioindustry, College of Medical
and Life Sciences, Silla University, Busan 46958, Republic of Korea,
2
Institute of Pharmaceutical Research and Development, College of
Pharmacy, Wonkwang University, Iksan 15865, Republic of Korea, 3Korea
Polar Research Institute, KORDI, 26 Songdomirae-ro, Yeonsu-gu, Incheon
4
21990, Republic of Korea, Research Center for Extremophiles and Marine
Microbiology, Silla University, Busan 46958, Republic of Korea

Bovine milk that possess on high nutritional factors can support a number
of microbiota. Various microorganisms were incorporated in raw milk
from a variety of sources and can play a number of roles. Even though
extensive research was performed by western country, the bacterial
composition of raw milk from Korean dairy farms are not well
understood. Here, we explore on identifying the bacteria in raw milk
collected for Korean dairy farms using metagenomic analysis via
Illumina sequencing. Raw bovine milk samples from forty Korean dairy
farms in four regional groups were analyzed by community sequencing.
In addition, we determined on the prevalence of spore-forming bacteria
including Bacillus spp. and Clostridioides spp. Overall, despite highly
diverse raw milk community in each groups, specific milk bacterial
communities consistently existed as core milk microbiota. However, our
analysis revealed highly diverse bacterial populations, which exhibited
regional differences. This knowledge can inform the development of
new sanitation procedures and process controls to ensure the consistent
production of safe dairy products on Korean dairy farms.
Keyword : Metagenomic analysis, milk microbiota, spore-forming
bacteria
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We survey the cold adapted characteristic and the diversity of culturable
antarctic bacteria isolated from the King George Island. Samples
collected from King George island and then pretreated by 10 fold dilution
method after homogenization, was inoculated on nutrient agar medium
(NA) and 0.1% NA by spread plate method and then incubated at 15℃
for 20 days. Bacterial strain were isolated by morphological
characteristics of grown colonies and then preserved in 15% (v/v)
glycerol solution. For the growth of isolated bacteria in different
temperature, bacterial strain were inoculated in NA and then cultured
at 5℃, 10℃ and 25℃ for 20 days. Among the tested strains,
psychrophilic, psychrotolerant and mesophilic bacteria were 33%, 89%
and 28%, respectively. From the phylogentic analysis based on 16S
rRNA gene sequence, psychrophiles consisted 13 taxa from 6 genus
(Alcaligenes (1), Arthrobacter (5), Cryobacterium (1), Pseudomonas
(2), Rhodanobacter (1), Sporosarcina (17)).
Keyword : Antarctic bacteria, 16S rRNA, King George Island
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A Novel Longibaculum Species Isolated from Healthy Human
Feces
1

1

1

1

Diversity and Bioprospecting of Cold Adapted Antarctic Fungi
Isolated from the King George Island
1,4

1

1

1

Jae Hak Sohn , Yu Ri Choe , Gi Seob Hong , Eun Gyoung Kim , Seong
1
1
2
3
Ju Cho , A-Yeong Park , Hyuncheol Oh , Joung Han Im
1
Food Biotechnology, Division of Bioindustry, College of Medical and Life
Sciences, Silla University, Busan 46958, Republic of Korea, 2Institute of
Pharmaceutical Research and Development, College of Pharmacy,
Wonkwang University, Iksan 15865, Republic of Korea, 3Korea Polar
Research Institute, KORDI, 26 Songdomirae-ro, Yeonsu-gu, Incheon 21990,
Republic of Korea, 4Research Center for Extremophiles and Marine
Microbiology, Silla University, Busan 46958, Republic of Korea

An obligately anaerobic, Gram-stain-positive, non-motile and long rod
T
to spiral-shaped bacterium, designated strain KGMB06250 , was
isolated from feces of a healthy Korean. Phylogenetic analysis based on
16S rRNA gene sequences indicated that strain KGMB06250T was most
T
closely related to Longibaculum muris MT10-315-CC-1.2-2 (93.0 %),
T
followed by Clostridium spiroforme ATCC 29900 (92.4%),
Clostridium cocleatum I50T (92.3%), Clostridium saccharogumia
T
T
SDG-Mt85-3Db (92.3%), Clostridium ramosum ATCC 25582
T
(91.9%) and Coprobacillus cateniformis JCM 10604 (91.5 %) in the
family Erysipelotrichaceae. Strain KGMB06250T was negative for both
catalase- and oxidase- activity. Major end products of fermentation were
acetic acid and propionic acid in Gifu anaerobic medium. The major
cellular fatty acids (>10 %) were C16:0 FAME (21.1 %), C16:0 DMA (18.5
%) and summed feature 10 (12.8 %). Based on whole genome sequence,
DNA G + C content of the isolate was 29.8 mol%. Based on the phenotypic,
chemotaxonomic and phylogenetic data, strain KGMB06250T represents a
T
novel species in genus Longibaculum. The type strain is KGMB06250
(=KCTC 15834).
Keyword : Anaerobic bacterium, gut microbiota, Longibaculum sp.

We surveyed the diversity of Antarctic fungi isolated from the King
George Island and their capability to produce bioactive compounds.
Sample diluted by 10 fold dilution method after homogenization, were
inoculated on nutrient agar (NA), 0.1% NA, R2A agar, PDA (potato
dextrose agar) and YMA (Yeast Malt agar) plate and then incubated at
15℃ for 20 days. 132 fungal colonies isolated and preserved in 15% (v/v)
glycerol solution. Fungal isolates were tested for their ability to grow
at temperatures (10 and 25℃). Among the tested strains, psychrophilic,
psychrotolerant and mesophilic fungi were 43%, 26% and 30%,
respectively. From the results of identification using internal transcribed
spacer (ITS) sequences, psychrophiles consisted of 27 taxa from 23
genus (Pseudogymnoascus (9), Candida (5), Thelebolus (5), Lachnellula
(4), Chrysosporium (3), Cladosporium (2), Cleistothelebolus, Cosmospora,
Epibryon, Epicoccum, Geomyces, Glarea, Gorgomyces, Helotiales,
Hyphodiscus, Lecanicillium, Penicillium, Phaeohelotium, Purpureocillium,
Ramimonilia, Sagenomella, Trametes, Urceolella). Fungal extract were
cultured using PDA at 20℃ for 15 days and extracted with ethyl acetate.
From the PTP1B inhibitory assay using fungal extracts, 4 extracts
displayed strong inhibitory activity. These results suggest that Antarctic
fungi isolated from the King George Island might be a valuable resource
for the screening of physiological active material.
Keyword : Antarctic fungi, ITS, PTP1B
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Iodobacter ciconiae sp. nov., a Bacterium Isolated from Feces of
Ciconia boyciana

A Novel Anaerotignum faecicola sp. nov., Isolated from Human
Faeces
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Sung, June-Young Lee, Ji-Hyun Yun, Yun Seok Jeong, Jeong Eun Han,
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Biology, Kyung Hee University, Seoul 02447, Republic of Korea
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56212, Republic of Korea, 2Seoul National University Bundang Hospital,
82 Gumi-ro, 173 Beon-gil, Bundang-Gu, Seongnam-si, Gyeonggi-do 13620,
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(UST), 217 Gajeong-ro, Yuseong-gu, Daejeon 34113, Republic of Korea

A novel Gram-negative, rod-shaped, facultatively anaerobic, nonT
violet-pigmented, non-motile bacterium, designated strain H11R3 ,
was isolated from the feces of Korean Oriental stork, Ciconia boyciana,
collected from Seoul Grand Park zoo in Republic of Korea. Phylogenetic
consensus tree based on 16S rRNA gene sequence revealed that strain
H11R3T established a monophyletic clade with species of genus
T
Iodobacter including Iodobacter fluviatilis DSM 3764 , Iodobacter
T
T
arcticus DSM 100243 , and Iodobacter limnosediminis DSM 103822 ,
with sequence similarities of 98.80%, 98.63%, and 98.36%,
T
respectively. Optimal growth of strain H11R3 occured at 15℃, pH 8,
with 0.5% (w/v) NaCl. The major fatty acids are summed feature 3 and
C16:00, and the G+C content of the genome is 48.04 mol%. The
predominant isoprenoid quinone is ubiquinone-8 (Q-8), and polar lipids
include three unidentified lipids, four unidentified phospholipids, one
unidentified aminolipid, and two unidentified aminophospholipids. The
T
T
ANI value between strains H11R3 and I. fluviatilis NCTC 11159
T
(=DSM 3764 ) is 83.73%. Based on phenotypic, phylogenetic, and
chemotaxonomic characteristics, strain H11R3T represents a novel
species of the genus Iodobacter for which the name Iodobacter ciconiae
T
T
sp. nov. is proposed. The type strain is H11R3 (=KCTC 62666 =JCM
33283T).
Keyword : Iodobacter, Betaproteobacteria, gut microbiota
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T

An obligately anaerobic bacterial strain (KGMB 03357 ) was isolated
from the healthy Korean faeces. Cell of the strain was Gramstain-positive, no motility, no spore formation, straight or curved rods.
The optimum temperature for growth was 37℃. The DNA G+C content
was 47.3 mol%. The major cellular fatty acids of strain KGMB 03357T
were C16:0 and C18:1 cis 9 DMA. TOn the basis of 16S rRNA gene sequence
similarity, strain KGMB 03357 belongs to the genus Anaerotignum and
was most closely related to Anaerotignum lactatifermentans KCTC
T
T
15066 (96.08%), Anaerotignum propionicum
KCTC 5582 (94.85%),
T
Anaerotignum neopropionicum KCTC 15564 (94.85%), Anaerotignum
aminivorans KCTC 15705T (94.81%). Based on its physiological,
T
phylogenetic characteristics, it is proposed that strain KGMB 03357
should be assigned to the genus Anaerotignum as a novel species,
Anaerotignum faecicola sp. nov. The type strain is KGMB 03357T
T
(=KCTC 15736 ). The GenBank/EMBL/DDBJ accession number forT
the 16S rRNA gene sequence Anaerotignum faecicola KGMB 03357
is MK439508. The whole-genome shotgun BioProject number is
PRJDB7416 with the accession number BHVZ00000000.
Keyword : Anaerotignum, human faeces, taxonomy
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Pseudorhodobacter turbinis sp. nov., Isolated from the Korean
Turban Shell, Turbo cornutus

A Novel Jatrophihabitans Species, Isolated from Soil of
Cynanchum wilfordii Hemsley Rhizosphere

Yunseok Jung, Woorim Kang, June-Young Lee, Hojun Sung, So-Yeon
Lee, Jeong-Eun Han, Jae-Yun Lee, Na-Ri Shin, Jin-Woo Bae*
Department of Biology and Department of Life and Nanopharmaceutical
Sciences, Kyung Hee University, Seoul 02447, Republic of Korea

Min Kuk Suh1,3, Han Sol Kim1,3, Keun Chul Lee2, Ji-Sun Kim2, Kook-Il
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1
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Semyung University, Jaecheon 27138, Republic of Korea, University of
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A novel Gram-stain-negative, aerobic, coccus-shaped and motile
bacterial strain designated S12M18T was isolated from the gut of the
Korean turbun shell, Turbo cornutus. The phylogenetic analysis based
T
on 16S rRNA sequences revealed that the strain S12M18 belonged to
the genus Pseudorhodobacter and showed highest 16S rRNA gene
T
sequence similarity with Pseudorhodobacter aquimaris HDW-19
T
(98.70 %). The optimal growth condition of strain S12M18 was 30 ℃,
pH 7 and 2 % (w/v) NaCl. The major cellular fatty acids of strain L12M1T
was C18:1 ω 7c. The predominant isoprenoid quinone was Q-10. The DNA
G＋C content was 57.7 mol%. The phenotypic, biochemical,
chemotaxonomic, phylogenetic and genotypic analysis indicated that
T
the strain S12M18 represents a novel species of the genus
Pseudorhodobacter, for which the name Pseudorhodobacter turbinis
sp. nov. is proposed. The type strain is S12M18T (=KCTC 62742T=JCM
T
33168 ).
Keyword : Turbo cornutus, Pseudorhodobacter
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A novel actinobacterial strain, SB3-54T was isolated from soil of
Cynanchum wilfodill Hemsleyrhizosphere, Jaecheon, Chungcheongbuk-do,
Republic of Korea. Cells of strain SB3-45T were Gram-stain-positive,
aerobic and rod-shaped, which formed pale yellow colonies on
Reasoner’s 2A agar. Growth occurred at 15-30℃ (optimum 25℃), at pH
5-8 (optimum 7) and at 0-2.5% NaCl (optimum 0%). Phylogenetic
analysis based on 16S rRNA gene sequence showed that strain SB3-54T
formed a separate lineage in the genus Jatrophihabitans and were closely
related to Jatrophihabitans endophyticus DSM 45627T (96.88 %),
Jatrophihabitans soli KIS75-12T (96.53 %), Jatrophihabitans telluris
N237T (96.11 %), Jatrophihabitans fulvus PB1586T (95.97 %) and
Jatrophihabitans huperziae CPCC 204076T (95.91 %). Strain SB3-54T
was positive for catalase activity. Based on phylogenetic, physiological
and chemotaxonomic characteristics, strain SB3-54T represent a novel
species of the genus Jatrophihabitans. The type strain is SB3-54T
(=KCTC 49134T) This research was supported by grant from the Korea
Research Institute of Bioscience & Biotechnology (KRIBB) Research
Initiative Program.
Keyword : Taxonomy, Jatrophihabitans, rhizosphere
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A Novel Bacterium of the Genus Arachidicoccus Isolated from
Apple Orchard Soil

One-Way Metabolite Cross-Feeding of Aspergillus Metabolites
Modulate Cyclic Lipopeptide Levels in Bacillus
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T

A novel bacterium, designated B3-10 , was isolated from soil sample
collected from apple orchard in Chungju-si, Chungcheongbuk-do,
T
Republic of Korea. Strain B3-10 was Gram-stain-negative, non-motile,
non-spore-forming and rod-shaped bacterium. Cell growth occurred at
10-30℃ (optimum 30℃), pH 5-8 (optimum pH 7.0) and in the presence
of 0-2% (w/v) NaCl (optimum 0%). Phylogenetic analysis based on 16S
T
rRNA gene sequence showed that strain B3-10 was closely related to
T
Arachidicocuus rhizosphaerae KCTC 22378 (89.5%), Arachidicoccus
T
ginsenosidivorans KCTC 22820 (89.1%) and Haoranjiania flava
T
KCTC 42956 (87.9%). The predominant quinone was menaquinone-7
(MK-7). The major cellular fatty acids (>10%) of strain B3-10T were
iso-C15:0, iso-C15:1 G, and summed feature 3 (C16:1 ω6с and/or C16:1 ω7с).
The DNA G+C content based on whole genome sequence was 34.18
mol%. On the basis of phenotypic, chemotaxonomic and phylogenetic
T
data, strain B3-10 represents a novel species of the genus
T
T
Arachidicoccus. The type strain is B3-10 (=KCTC 72123 ). This
research was supported by the grant from the Korea Research Institute
of Bioscience & Biotechnology (KRIBB) Research Initiative Program.
Keyword : Arachidicoccus sp., apple orchard soil

Aspergillus oryzae and Bacillus amyloliquefaciens, both are important
microbial inocula to make umpteen varieties of fermented foods,
bioactive secondary metabolites, antibiotics, and industrial enzymes.
During their colonization of fermentative matrices, the exchange of
extracellular metabolites helps shaping the microbial communities vital
for any fermentative bioprocess. However, the effects of purely
metabolic cross-feeding interactions between Aspergillus and Bacillus
species are largely unexplored. Here we show that extracellular
metabolite extracts (5 mg/mL) from the stationary phase incubated A.
oryzae (30℃ and 200 rpm, 9 days) modulated the higher growth (cell
dry weight, cell viability, and optical density) and biofilm formation rates
in cross-fed B. amyloliquefaciens in specially designed common
minimal media (CMM). The multivariate analyses based on
UHPLC-LTQ-IT-MS/MS datasets displayed distinct metabolite
profiles for cross-fed and control sets of B. amyloliquefaciens sample
extracts. The significantly discriminant metabolites determined using
the PLS-DA (PLS1, 16.35%; PLS2, 8.12%; and PLS3, 7%) model
revealed 12 antifungal metabolites (1 iturin, 5 fengycins, 4 surfactins,
and 2 non-identified) as significantly discriminant (VIP>1.0 and p<0.05)
between 24-36 h. On the other hand, the LC-MS characterization of A.
oryzae sample extracts used in cross-feeding mainly indicted oxylipins
compounds (7), hydroxysydonic acid (1), asperculin A (1), and
sphingofungin (1) along with a number of non-identified secondary
metabolites, as its components. Hence, we argue that A. oryzae
metabolite extracts might engage in antagonistic metabolic interactions
promoting the heightened secretion of antifungal cyclic lipopeptides
coupled with modulated growth rates and biofilm formation in B.
amyloliquefaciens. However, a suite of molecular mechanisms
including antibiosis, metabolite signaling and conversion, as well as
physicochemical changes may underlie in the proposed antagonistic
interactions. These findings uncover the metabolomic aspects of niche
creation and microbial succession important for designing tunable
fermentative systems.
Keyword : Metabolite cross-feeding, Aspergillus and Bacillus, cyclic
lipopetides
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Three New Species of Tetracladium, Lemmoniera and Alatospora
from Freshwater Environment in Korea

Microbial Community Structure of Soil Inhabiting Tricholoma
matsutake by Metagenomic Analysis

Hye Yeon Mun, Jaeduk Goh
Nakdonggang National Institute of Biological Resources, Sangju-si,
Gyeongsangbuk-do 37242, Republic of Korea

Mi Gyeong Kim, Young Guk Kim, Hae Jun Kwon, Dong Hyun Kim, Doo
Ho Choi, Jong-Guk Kim*
School of Life Science, Kyungpook National University, 80 Daehakro,
Bukgu, Daegu 41566, Republic of Korea

From the survey of aquatic fungal diversity, three strains, NNIBRFG813,
NNIBRFG814 and NNIBRFG5438 were isolated from decaying leaves
located in Taebaek-si, Okcheon-gun, Korea, respectively. The isolated
fungal strains were identified by means of ITS sequence analysis and
morphological characteristics. The sequence anaylsis indicated that the
fungal isolates were closest to Tetracladium marchalianum KF952709
(98.14%, NNIBRFG814) Lemonniera centrosphaera NR155313
(98.62%, NNIBRFG813) and Alatospora acuminata KF730795
(99.55%, NNIBRFG5438) but not matched and included same clade.
These three aquatic hypomycetes were new species of Tetracladium,
Lemmoniera and Alatospora in Korea.
Keyword : Tetracladium, Lemmoniera, Alatospora
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Unrecorded Four Species of Mucoromycetes in Korea
*

*

*

YuJeong Jeon, Hye Yeon Mun , Hye Jin Hwang , Young-Hwan Park ,
Sangkyu Park*, Wonsu Cheon*, Jaeduk Goh*
Fungi Research Team, Microbial Research Department, Nakdonggang
National Institute of Biological Resources, Sangju 37242, Republic of Korea

Four fungal strains were isolated from freshwater environment in Korea.
The the strains NNIBRFG1498 and NNIBRFG2739 were isolated from
sediment in Gimcheon-si, Uiseong-gun, Cheongsong-gun and Jinju-si,
respectively. The strains NNIBRFG6255 and NNIBRFG6649 were
isolated from filtered freshwater in Chuncheon-si and Inje-gun,
resepectively. The fungi were identified by phylogenetical analysis their
internal transcribed spacer(ITS), 18S and 28S rDNA regions.
NNIBRFG1498, NNIBRFG2739, NNIBRFG6255 and NNIBRFG6649
isolates were confirmed as the fungal species M.moelleri,
M.heterogamus, M.aligarensis and M.abundans, respectively.
Keyword : Mucoromycetes
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Special connection between Tricholoma matsutake and host trees
(Pinaceae and Fagaceae) is a well-known form of symbiotic
relationship. Ectomycorrhizal basidiomycete, which refers to pine
mushroom, associates with roots of plant also soil surrounding them. The
soil microbial communities have constant interaction with fungal
endophytes, for example, formation of fruiting body of T. matsutake. To
explore composition of microbial community, we compared fungal,
bacterial and archaeal part in the different spots of soil; site A is the place
where mushrooms already have grown, site B is a new spot which is
predict to grown and site C is that mushrooms had grown in the past but
not in these days. Three samples and controls analyzed by
pyrosequencing method and 460 to 2623 of operational taxonomic units
(OTUs) obtained. The diversity of each zone showed that site A and B
has the most abundant number of clusters in bacterial and fungal
communities through statistical analysis (rarefaction curves, Chao1,
Shannon, and Simpson indices). Especially, in site A, the proportion of
proteobacteria (38.884%) and actinobacteria (19.575%) was higher than
site B, while acidobacteria (39.357%) had more amount in site B. The
results from metagenomic analysis indicate that microbiological change
in the soil depends on growth of T. matsutake.
Keyword : Pyrosequencing, microbial community, Tricholoma
matsutake

Ruminococcus faecium sp. nov., an Anaerobic Bacterium Isolated
from Human Gut Microbiota
1

1

1
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Kook-Il Han , Mi Kyung Eom , Ji-Sun Kim , Keun Chul Lee , Min Kuk
Suh1, Han Sol Kim1, Seung-Hwan Park1, Ju Huck Lee1, Se Won Kang1,
Jam-Eon Park1, Byeong Seob Oh1, Seung Yeob Yu1, Seung-Hyeon Choi1,
2
2
3
3
1,4*
Dong Ho Lee , Hyuk Yoon , Byung-Yong Kim , Je Hee Lee , Jung-Sook Lee
1
Korean Collection for Type Cultures, Korea Research Institute of
Bioscience and Biotechnology,
181 Ipsin-gil, Jeongeup-si, Jeollabuk-do
56212, Republic of Korea, 2Seoul National University Bundang Hospital,
82 Gumi-ro, 173 Beon-gil, Bundang-Gu, Seongnam-si, Gyeonggi-do 13620,
Republic of Korea, 3ChunLab, Inc.,
2477 Nambusunhwan-ro, Seocho-gu,
Seoul 06725, Republic of Korea, 4University of Science and Technology
(UST), 217 Gajeong-ro, Yuseong-gu, Daejeon 34113, Republic of Korea
T

A novel strictly anaerobic bacterium, designated KGMB03662 , was
isolated from healthy korean human feces. Cells of the strain were
Gram-stain positive and non-motile cocci. OnTthe basis of 16S rRNA
gene sequence similarity, strain KGMB03662 belonged to the genus
Ruminococcus and was closely related to Ruminococcus albus (94.1%),
Ruminococcus flavefaciens (91.6%) and Ruminococcus champanellensis
(91.5%). TheT predominant cellular fatty acids (>10%) of strain
KGMB03662 were iso-C13:0 3OH, C16:0 and C18:1 cis9. On the basis of
phylogenetical, morphological, physiological
and chemotaxonomic
T
analysis data, strain KGMB03662 can be differentiated from other
members of the genus Ruminococcus with validly published names. TheT
strain Ruminococcus
faecium sp. nov.
is proposed, with KGMB03362
T
T
(=KCTC 15720 =CCUG 76234 ) as the type strain. This work was
supported by the Bio & Medical Technology Development program
(Project No. NRF-2016M3A9F3947962) of the National Research
Foundation of Korea (NRF) funded by the Ministry of Science and ICT
(MSIT) of the Republic of Korea and a grant from the Korea Research
Institute of Bioscience & Biotechnology (KRIBB) Research initiative
program.
Keyword : Ruminococcus sp., gut microbiome, feces
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Environmental and Genetic Effects on Gut Microbiome in Aquatic
Vertebrates and Invertebrates
Pil Soo Kim1, Na-Ri Shin1, Jae-Bong Lee2, Min-Soo Kim1, Tae Woong
1
1
1
1
1
Whon , Dong-Wook Hyun , Ji-Hyun Yun , Mi-Ja Jung , Joon Yong Kim ,
Jin-Woo Bae1*
1
Department of Biology and Department of Life and Nanopharmaceutical
Sciences, Kyung Hee University, Seoul 02447, Republic of Korea,
2
Distant-water Fisheries Resources Division, National Institute of Fisheries
Science, Busan 46083, Republic of Korea

All animals on Earth have biological symbiotic associations with
bacteria. However, most of the gut microbiome studies are focused on
terrestrial vertebrates, especially human and mice. More than 70 % of
surface of Earth is covered by the aquatic environments and it is play
great role as a home for more than 220,000 living species. To better
understand the potential for microbiomes to influence the health,
physiology, behavior in animal and ecological basis of symbiotic
relationship between animal host and indigenous microbes with
numerous environmental challenges, it is necessary to perform an
investigation of gut microbiota on various aquatic animals. Here, we
comprehensively characterized gut bacterial communities of more than
90 vertebrate and invertebrate species, which are living in aquatic
environment. The gut microbial community of fish was strongly shaped
by host habitat compared to host taxonomy and trophic level and the gut
microbial diversity and composition of wild cephalopods were
differentiated and formed distinctly different clusters with the host
phylogeny. Principal coordinate analysis revealed that the gut bacterial
community of fish significantly differs from those of other vertebrates
(reptiles, birds, and mammals). Collectively, these data provide a
reference for future studies on the gut microbiome of aquatic animals,
and insights into the relationship between aquatic vertebrates and
invertebrates and their gut bacterial community.
Keyword : Gut microbiome, aquatic animals, vertebrate evolution

L-39
Using Metagenomic Analysis to Explore Seasonal and Spatial
Microbial Diversity and Co-Occurrence Patterns of Bacterial
Community on Beef in South Korea
Bo Kyoung Hwang, HyeLim Choi, Duhyun Ko, Gyuhyun Cho, Sang Ho
Choi*
National Research Laboratory of Molecular Microbiology and Toxicology,
Department of Agricultural Biotechnology and Center for Food Safety and
Toxicology, Seoul National University, Seoul 08826, Republic of Korea

Beef is easily contaminated with microbiota from processing
environment that can cause spoilage and food poisoning. Analyzing the
microbial composition of beef can help understand the risk of such safety
issues. Beef samples were collected from three different sites in South
Korea in winter and summer. The composition of the microbiota in beef
differed depending on the region, season and was also different in ground
beef. From differential abundance analysis, the most significant change
in the microbial community was founded between two seasons. This
analysis showed that Spoilage microbiota was the most abundant genus
in summer. To figure out which genus has a key role in beef, the keystone
genus measured by degree and betweenness centrality (BC) in
co-occurrence network. Micrococcus, Enterococcus, and Sphingomonas
were commonly found as the keystone genus. Co-occurrence network
analysis also revealed that spoilage microorganisms have strong
negative correlations with the keystone genus, while pathogenic genus
usually coexists with other pathogens. These results provide an extended
understanding of microbial ecology and would be helpful for the
prevention of foodborne outbreaks. (Supported by a grant
(14162MFDS972, 19162MFDS037) from Ministry of Food and Drug
Safety in 2019.)
Keyword : Metagenomics, co-occurrence network, beef microbiota
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Anti-Inflammatory Effect of Fermented Rhododendron weyrichii
Flower Extract Prepared by Traditional Jeju Fermentation on
Lipopolysaccharide-Induced RAW 264.7 Cells
1

1

1

2

Role of PUMA in Regulation of Autophagy and Apoptosis under
Nutrient Deprivation
1*

Nari Lee , Su Bin Hyun , Suk Hyun Yun , Kwang Hee Hyun , Chang-Gu Hyun
1
Department of Chemistry and Cosmetics, Jeju National University, Jeju
2
63243, Republic of Korea, Helios Co. Ltd., Sanchundan Dong-gil 16, Jeju,
Jeju 63231, Republic of Korea

The aim of this study was to investigate the antioxidant and
anti-inflammatory activities of the Rhododendron weyrichii flower
extract obtained using Shindari, a traditional Jeju barley Nuruk-based
fermentation. The process of fermentation has been reported to
potentially improve the biological properties of the raw material by the
production of new bioactive compounds. Shindari is a traditional
fermented drink of Jeju, which is prepared from barley, Nuruk, and rice
for short fermentation periods. In this study, we examined the antioxidant
potential of Nuruk or Shindari-fermented R weyrichii flower extracts
(RFFN or RFFS, respectively) using various in vitro antioxidant assays
such as DPPH and ABTS radical scavenging assay and FRAP assay.
Further, we measured the total phenol content of the extracts. We
evaluated the anti-inflammatory activity of the RF and RFFS on murine
RAW 264.7 cells. We observed that the radical scavenging activity of
RFFS was higher than that of RFFN. Similarly, the total phenol content
3+
and ferric ion (Fe ) reduction ability of RFFS was higher than those of
RFFN. The anti-inflammatory activity was evaluated by treating the
RAW 264.7 cells with various concentrations (6.25, 12.5, 25, and 50 μ
g/mL) of RF or RFFS. We observed that the lipopolysaccharide-induced
nitric oxide (NO) production in the RFFS-treated cells was significantly
lower than that in the LPS-treated cells. Additionally, RFFS was not
cytotoxic to the RAW 264.7 cells. Further, RFFS-treated cells exhibited
decreased expression of inducible NO synthase (iNOS) protein.
High-performance liquid chromatography (HPLC) fingerprinting
revealed that the levels of quercetin glucosides (quercitrin and
isoquercitrin), quercetin, and kaempferol were affected by the
fermentation process. In conclusion, our data suggested that traditional
fermentation can be an important strategy to improve the biological
properties of the raw material such as antioxidant and anti-inflammatory
activities. Finally, RFFS can be a potential antioxidant and
anti-inflammatory
candidate
for
topical
application.
[ACKNOWLEDGEMENT] This work was supported by the
Technology development Program(C0516709) funded by the Ministry
of SMEs and Startups(MSS, Korea)
Keyword : Rhododendron weyrichii, fermentation, SHINDARI
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YeEun Jeong, Yoonmi Lee, Dong Eun Kim*
Department of Bioscience and Biotechnology, Konkuk University, Seoul
05029, Republic of Korea

Apoptosis and autophagy that are genetically regulated cellular
processes influences cell fate in various physiological and pathological
conditions. Although autophagy is believed critical in cellular
homeostatic proteostasis, the relationship with apoptosis remains
elusive. To date, little is known about how these two processes are
interplayed with cross-talking factors. We tried to elucidate the
underlying molecular mechanism for their crosstalk in mammalian
retinal pigment epithelial (RPE) cells under nutrient deprived culture
condition. We observed that autophagy was initially progressed under
starvation in a relatively short time period, while apoptosis was
subsequently occurring at prolonged starvation stress condition.
Furthermore, we observed that the apoptotic cell death was accelerated
or attenuated in the presence of autophagy inhibitor or inducer,
respectively. To explain reciprocal relationship between autophagy and
apoptosis, we tested a hypothesis that PUMA (p53-upregulated
modulator of apoptosis), a BH3-only protein of Bcl-2 family, suppresses
LC3 conversion for autophagosome formation and induces apoptosis
through JNK activation. Based on our results, we propose that PUMA
plays a potential role as a mediator between autophagy and apoptosis
in RPE cells under nutrient deprivation.
Keyword : Starvation, autophagy, apoptosis
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Autophagosome-Lysosome Fusion is Facilitated by the Actin
Filaments Stabilized by Intermediate Filament KRT8
*

Sumin Son, Yewon Yun, Ahruem Baek, Dong-Eun Kim
Department of Bioscience and Biotechnology, Konkuk University, Seoul
05029, Republic of Korea

Autophagy is a lysosome-mediated degradation system to remove
damaged proteins and organelles. Autophagosome-lysosome fusion is
a key step of autophagy which regulates the autophagic flux. In our
previous study, we observed that keratin 8 (KRT8), which is one of the
major intermediate filaments, enhances autophagy clearance by
facilitating autophagosome-lysosome fusion. To investigate the role of
KRT8 on autophagosome-lysosome fusion, we used knockdown and
disruption conditions of KRT8 in mammalian retinal pigment epithelial
cells. When KRT8 was knockdown or disrupted, autophagosomelysosome fusion was significantly decreased. Since autophagosomes
and lysosomes have been known to be transported by motor proteins onto
microtubules or microfilaments, through co-immunoprecipitation we
found that KRT8 interacts with actin filaments via the cytolinker, plectin.
When the plectin was knockdown, autophagosome-lysosome fusion
was suppressed. Thus, we suggest that the movement of autophagosome
and lysosome would be proceeded by the actin filament, in which KRT8
would support the actin filament tightly via plectin. Inhibition of actin
poymerization by using cytochalasin D resulted in accumulation of
autophagosomes through decrease in autophagosome and lysosome
fusion. In addition, we observed that okadaic acid that inhibits protein
phosphatase 2A disrupted actin filaments through attenuation of KRT8
dephosphorylation. Taken together, our results suggest that
autophagosome-lysosome fusion is facilitated by the actin filaments, in
which dephosphorylated KRT8 intermediate filaments stabilize the
actin filaments via cytolinker plectin.
Keyword : Autophagy, keratin 8, plectin
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Structural and Functional Assessment of mBjAMP1, an
Antimicrobial Peptide from Branchiostoma japonicum, Revealed a
Novel αHairpinin-Like Scaffold with Membrane Permeable and
DNA Binding Activity
1,3
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Jiyoung Nam , Moon-Hyeong Seo , Song Yub Shin , Chul Won Lee
1
Natural Product Research Center, Korea Institute of Science and
Technology (KIST), Gangneung 25451, Republic of Korea, 2Department of
Medical Science, Graduate School, and Department of Cellular and
Molecular Medicine, School of Medicine, Chosun University, Gwangju
61452, Republic of Korea, 3Department of Chemistry, Chonnam National
University, Gwangju 61186, Republic of Korea

Here we describe the three-dimensional structure and antimicrobial
mechanism of mBjAMP1, an antimicrobial peptide (AMP) isolated
from Branchiostoma japonicum. The structure of mBjAMP1 was
determined by 2D solution NMR spectroscopy and revealed a novel α
-hairpinin-like scaffold stabilized by an intramolecular disulfide bond.
mBjAMP1 showed effective growth inhibition and bactericidal
activities against pathogenic bacteria but was not cytotoxic to
mammalian cells. Antimicrobial mechanism studies using fluorescencebased experiments demonstrated that mBjAMP1 did not disrupt
membrane integrity. Laser-scanning confocal microscopy indicated that
mBjAMP1 is able to penetrate the bacterial cell membrane without
causing membrane disruption. Moreover, gel retardation assay
suggested that mBjAMP1 directly binds to bacterial DNA as an
intracellular target. Collectively, mBjAMP1 may inhibit biological
functions by binding to DNA or RNA after penetrating the bacterial cell
membrane, thereby causing cell death. These results suggest that
mBjAMP1 may present a promising template for the development of
peptide-based antibiotics.
Keyword : mBjAMP1, 2D NMR, peptide-based antibiotics

M-5
Escherichia coli as a Model System to Study Mutational Effect in
Biliary Atresia
1

2*

1*

Ji-Young Lee , Hong Koh , Dong-Woo Lee
1
Department of Biotechnology, Yonsei University, Seoul 03722, Republic of
Korea, 2Department of Pediatrics, Yonsei University College of Medicine,
Severance Children’s Hospital, Severance Pediatric Liver Research Group,
Seoul, 03722, Republic of Korea

Identification of Keratinases from Fervidobacterium islandicum
AW-1 Using Dynamic Gene Expression Profiling
JaeWon La2, Eunju Kang1*, Hyeon-Su Jin2*, Jae-Yoon Sung2*, Soo-Young
Park2*, Won-Chan Kim1*, Dong-Woo Lee2*
1
School of Applied Biosciences, Kyungpook National University, Daegu
41566, Republic of Korea, 2Department of Biotechnology, Yonsei University,
Seoul 03722, Republic of Korea

Keratin degradation is of great interest for converting agro-industrial
waste into bioactive peptides and is directly relevant for understanding
the pathogenesis of superficial infections caused by dermatophytes.
However, the mechanism of this process remains unclear. Here, we
obtained the complete genome sequence (2.23 Mb) of a native
feather-degrading, extremely thermophilic bacterial species,
Fervidobacterium islandicum AW-1 and performed bioinformatics-based
functional annotation. Reverse transcriptase (RT)-PCR revealed that 57
putative protease-encoding genes were differentially expressed in
substrate-dependent manners, yielding 21 candidate genes that
responded to nitrogen sources. Of these genes, RT-PCR analysis
demonstrated that 16 genes were highly expressed under starvation
conditions, and these genes were designated as putative keratinases.
Subsequently, the dynamic expression profiles of these 16 selected genes
in response to feathers, as determined via quantitative real-time
(qRT)-PCR, suggested that they included four metalloproteases (i.e.,
b-aspartyl-peptidase, peptidase M55, CPBP family intramembrane
metalloprotease, insulinase family protein), two ATP-dependent
proteases, and an intramembrane S8 protease, all of which might act as
key players in feather decomposition. Furthermore, in vitro keratinolytic
assays supported the notion that recombinant versions of these enzymes
significantly enhanced the decomposition of soluble keratins and native
feathers in the presence of crude extracts from glucose-grown cells.
Therefore, our genome-based systematic and dynamic expression
profiling demonstrated that these newly identified metalloproteases
together with the three additional peptidases might be primarily
associated with the decomposition of native feathers at elevated
temperatures, suggesting that keratin degradation can be achieved via
non-canonical catalytic activities of several membrane-associated
metalloproteases in cooperation with cytosolic proteases.
Keyword : Feather degradation, keratinase, genome
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Biliary Atresia (BA) is a hepatic disease characterized as blockage of
bile flow caused by the absence of extrahepatic ducts. To understand the
pathological mechanism behind the disease, previous studies have
identified several single nucleotide polymorphism-like sites in
mitochondrial DNA (mtDNA) genes encoding NADH Dehydrogenase
(complex I). Among them, T119A and I278V in ND2 and Y95H and
S97stop in the ND4 subunits of complex I are considered to be specific
to BA. Yet, due to the heteroplasmy of mtDNA, it is difficult to observe
the mutational effect; instead, we used Escherichia coli, which has the
corresponding genes on its chromosome, as a model system. Through
site-directed mutagenesis, we constructed mutated strains of E. coli
BW25113 and compared their aerobic and anaerobic growths with
Wild-Type (WT) and mutant strains lacking nuoN (nd2 homolog) and
nuoM (nd4 homolog) subunits. In aerobic conditions, growth of
knock-out strains significantly decreased, while in anaerobic conditions,
the growth retained as WT did. Some mutant strains appear to show
growth patterns similar to those of knock-out strains. Taken together, we
propose that T119A and I278V in ND2 and Y95H and S97stop in ND4
subunits hinder the cellular growth through impaired catalytic function
of E. coli complex I respiration.
Keyword : Biliary Atresia, Mitochondrial DNA
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L-Malate/Succinate Antiporter DcuE of BioSuccinate Producer
Actinobacillus succinogenes

Anti-Inflammatory Effect of D-(+)-Cycloserine on LPS-Induced
RAW 264.7 Macrophage
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Hyun-Kyu Kang, Eun-Jin Yang, You Chul Chung, Chang-Gu Hyun*
Department of Chemistry and Cosmetics, Jeju National University, Jeju
63243, Republic of Korea

The Gram-negative and capnophilic rumen bacterium Actinobacillus
succinogenes naturally produces a large amount of succinate. Succinate
production from anaerobic growth with C4-dicarboxylates requires
transporters catalyzing uptake and efflux of C4-dicarboxylates. A.
succinogenes genome possesses several potential transporters for
C4-dicarboxylate. Among them, the gene expression of dcuE is
remarkably higher than other transporter genes, and amino acid sequence
of DcuE shows high similarity with Fumarate/Succinate antiporter
DcuB of E. coli. So we had initially considered DcuE as Fumarate
transporter. However, the fumarate uptake in ΔdcuE mutant did not
decrease significantly. Here we biochemically characterized DcuE as
L-malate/succinate antiporter.
Keyword : L-Malate/Succinate Antiporter, Actinobacillus succinogenes
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Anti-Oxidative and Anti-Inflammatory Effects of the Orim-San
Ethyl Acetate Fraction Treated by the Crude Enzyme Extract from
Aspergillus kawachii
Han-Saem Lee, Min-A Kim, Eun-Kyung Son, So-Hyun Chon, Yu-Mi Lim,
Jai-Hyun So*
National Development Institute of Korean Medicine, 94, Hwarang-ro,
Gyeongsan-si, Gyeongsanbukdo, 38540, Republic of Korea

Orim-san ethyl acetate fraction after bioconversion (OE-AB) showed
strong antioxidant activity by the 2,2-diphenyl-1-picrylhydrazyl
(DPPH) test. Bioconversion via crude enzyme extract from Aspergillus
kawachii treatment, It was significantly increased anti-inflammatory
effects. OE-AB markedly suppressed nitric oxide (NO) production in
lipopolysaccharide (LPS)-stimulated RAW 264.7 macrophages cells.
mRNA expression levels of inducible NO synthase (iNOS) and
cyclooxygenase-2 (COX-2) were found to be inhibited by OE-AB in a
dose-dependent manner. In addition, the OE-AB inhibited the
expression of pro-inflammatory genes, such as tumor necrosis factor-α
(TNF-α), interleukin IL-6 (IL-6) and interleukin-1β (IL-1β) by
RT-PCR. These results suggest that bioconversion might be elevated
anti-oxidative and anti-inflammatory effects of Orim-san extract.
Keyword : Orim-san, bioconversion, anti-inflammation
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Recently, additional therapeutic potential of antibiotic that have been
used classically, are attracting attention. D-(+)-cycloserine (DCS) is an
antibiotic isolated from Streptomyces orchidaceous, used in conjunction
with other drugs for the treatment of tuberculosis. However, there have
been no studies on anti-inflammatory effects of DCS in RAW 264.7
macrophage cell line. In this study, in order to investigate the
anti-inflammatory effects of DCS, we designed to examine whether DCS
inhibits inflammatory responses in lipopolysaccharide (LPS)-induced
RAW 264.7 macrophages. Cell viability was identified by MTT assay.
The cells were pretreated with various concentrations (2, 4, and 6 mM)
of DCS, then treated with LPS 1 μg/mL to detect its anti-inflammatory
effects. DCS concentration-dependently inhibited production of nitric
oxide (NO), and slightly inhibited production of prostaglandin E2
(PGE2). Consistent with these findings, DCS suppressed the level of
proinflammatory cytokines expression such as interleukin-6 (IL-6),
interleukin-1β (IL-1β), but it had no effect on the level of TNF-α
expression. Western blot analysis demonstrated that this compound
inhibited NO production via down regulation of inducible nitric oxide
synthase (iNOS) expression, also suppressed PGE2 via down regulation
of cyclooxygenase type-2 (COX-2) expression. The results suggest that
DCS may be developed for the treatment of inflammatory diseases.
Keyword : D-(+)-Cycloserine, inflammation, macrophage
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To evaluate the antioxidative effects of organic Citrus limon peel and
Sophora flavescens root, total polyphenol contents, ferric reducing
power, 2,2-Diphenyl-1-picrylhydrazyl (DPPH), 2,2′‐azinobis‐3‐
ethylbenzotiazoline‐6‐sulfonic acid (ABTS) radical scavenging
activities were analyzed using a water, 70% EtOH, and EtOAc extracts.
To evaluate the effect of the extract on the inflammatory, the inhibitory
effect of nitric oxide (NO) production also was measured by using an
LPS-induced RAW 264.7 macrophages. MTT assay was used to measure
the cytotoxicity of the extracts on macrophages. The results showed that
the total phenol content was the highest in EtOAc fractions of C. limon
peels (53.151±1.59 mg gallic acid/g) and S. flavescens roots
(71.395±1.48 mg gallic acid/g). Ferric reducing power was the best in
the water extract of C. limon peels (0.099 ± 0.002 mmol Fe²⁺/g) and
EtOAc fraction of S. flavescens roots (0.096 ± 0.003 mmol Fe²⁺/g).
Concerning the DPPH and ABTS radical scavenging activities, EtOAc
fraction of C. limon peels showed IC50 values of 461.547±4.88 μg/mL
and 75.275±1.03 μg/mL. In the case of S. flavescens, the EtOAc fraction
had 317.253±2.09 μg/mL and 12.761±0.01 μg/mL, respectively. In the
EtOAc fraction of C. limon peels and all extracts of S. flavescens roots
decreased NO production in LPS-induced macrophages, and no
cytotoxicity was observed in any of the samples used in the experiment.
These results provide important evidence that EtOAc fraction of C. limon
peels and S. flavescens roots can be used for antioxidants and
anti-inflammatory agents. [Acknowledgments] This work was
supported by the Technology development Program (S2658885) funded
by the Ministry of SMEs and Startups(MSS, Korea).
Keyword : Citrus limon peel, Sophora flavescens root, anti-inflammatory
effects
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Torreya nucifera is an evergreen tree of Taxaceae, and their seeds, leaves
and stems have been used as edible and herbal materials in Korea and
China. Previous studies have shown that T. nucifera has physiological
activity such as antioxidant and anti-inflammatory effects. However, the
effect of T. nucifera leaves on melanogenesis has not been studied yet.
In this study, we used the B16F10 melanoma cells to confirm the efficacy
of T. nucifera leaves water extract (TLWE). The present study, α
-MSH-stimulated B16F10 melanoma cells were treated with various
concentrations of TLWE (50, 100, and 200 μg/mL). 200 nM α
-melanocyte stimulating hormone (α-MSH) was also used as a positive
control. The results showed that the TLWE reduced the melanin contents
and cellular tyrosinase activity in a concentration dependent manner. It
also inhibited the phosphorylation of c-Jun N-terminal kinase (JNK) in
mitogen-activated protein kinase (MAPKs) signaling pathway. As a
result of HPLC analysis, catechin which is known to have a whitening
effect were observed. These results suggest that the TLWE has an
anti-melanogenic effect. In addition, the safety of the TLHE was tested.
The results of the heavy metal and skin irritation test showed that the
TLWE was harmless to the human body even at higher concentrations
than those used in the experiment. Therefore, we suggest that the T.
nucifera leaves water extract can be used as a potential whitening
ingredient. [Acknowledgments]. This research was financially
supported by the Ministry of Trade, Industry, and Energy (MOTIE),
Korea, under the “Regional Specialized Industry Development
Program” (reference number P0006063) supervised by the Korea
Institute for Advancement of Technology (KIAT).
Keyword : Torreya nucifera, B16F10 melanoma cells, anti-melanogenesis
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Tobramycin is a natural antibiotic isolated from Streptomyces
tenebrarius. This antibiotic was first isolated in 1967 and has been used
to treat Gram negative bacteria to this day. Over time, however,
antibiotics with better efficacy have been developed and the prescription
of tobramycin was gradually decreased. We therefore evaluated the
effect of tobramycin on melanin formation in B16F10 cells to determine
their potential. First, the toxicity of tobramycin was evaluated by MTT
assay, and then the change of melanin content was measured when
B16F10 cells were treated at a concentration range (0.5, 1, 2, 4 mg/mL)
in which toxicity did not occur. The results showed that tobramycin
significantly increased melanin content in a dose-dependent manner, and
the activity of tyrosinase, an enzyme important for melanin synthesis,
was also increased without cytotoxic. Western blot experiments were
performed to determine the effect of tobramycin on the synthesis of
melanin. As a result, the expression of melanogenic enzymes such as
TYR, TRP-1 (tyrosinase-related protein 1) and TRP-2 (tyrosinaserelated protein 2) was increased. It was confirmed that the expression
of MITF (microphthalmia-associated transcription factor), which
regulates the expression of the three enzymes, was increased, and that
the increased expression of MITF was increased by phosphorylation of
p38 protein, one of the MAPK (mitogen-activated protein kinase)
proteins. Based on these results, we suggest that tobramycin has an effect
of increasing melanin synthesis and may be used for the treatment of
hypopigmentation.
Keyword : Melanogenesis, tobramycin, B16F10
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Purification and Crystal Screening of an Immune Regulatory
Protein Produced by Akkermansia muciniphila

Impairment of Starch Biosynthesis Results in Elevated Oxidative
Stress and Autophagy Activity in Chlamydomonas reinhardtii

Jaehyeok Choi1,2, Youngjin Lee1, Shinhye Park1, Eun-Young Lee1,
Eun-Kyeong Jo2*, Myung Hee Kim1*
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2
(KRIBB), Daejeon 34141, Republic of Korea, Department of Microbiology,
School of Medicine, Chungnam National University, Daejeon 35015,
Republic of Korea

Quynh-Giao Tran1,2, Kichul Cho1, Su-Bin Park1,2, Urim Kim1,2, Yong Jae
Lee1, Hee-Sik Kim1,2*
1
Cell Factory Research Center, Korea Research Institute of Bioscience and
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2
Republic of Korea, Department of Environmental Biotechnology, KRIBB
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Gajeong-ro, Yuseong-gu, Daejeon 34113, Republic of Korea

Abnormal composition of gut microbiota contributes to the pathogenesis
of metabolic diseases, including obesity and type 2 diabetes. The
crosstalk between gut microbes and the host affects the inflammatory
status of the individuals. Many studies show that Akkermansia
muciniphila abundancy is inversely correlated to the risk of developing
metabolic diseases that are associated with certain inflammation
conditions. We have attempted to identify immune regulatory proteins
produced by A. muciniphia, and found a protein (referred to as Immune
Regulatory Protein-Y, IRP-Y) that may have a communication role with
host immune. In this study, we overexpressed and purified the IRP-Y
protein using E. coli system, and performed initial crystal screening to
explore its function at the molecular level.
Keyword : Microbiome, immune response, A. muciniphila

Autophagy is a recycling process that breaks down malfunctioning
cellular materials during the development or under stress conditions. The
past decade has seen an explosion in autophagy studies in yeast and
mammalian systems. However, autophagy and integrated stress
responses in microalgae remain poorly understood. Here, we carried out
a comparative study on the oxidative stress responses of Chlamydomonas
reinhardtii wild-type and a starchless (sta6) mutant. Due to a mutation
in the small subunit of ADP-glucose pyrophosphorylase, sta6 mutant
accumulates no starch but high amount of lipid under adverse conditions.
To our surprise, the sta6 mutant exhibited significantly higher levels of
lipid peroxidation in the same growth conditions compared to controls.
The sta6 mutant was more sensitive to oxidative stress induced by H2O2,
whereas the wild-type was relatively more resistant. In addition,
significantly up-regulated autophagy-related factors including ATG1,
ATG101, and ATG8 were maintained in the sta6 mutant regardless of
nitrogen availability. Also, the sta6 mutant exhibited relatively higher
ATG8 protein level compared to wild-type under non-stress condition,
and quickly reached a saturation point of autophagy when H2O2 was
applied. Our results indicate that, in addition to the impact of carbon
allocation, the increased lipid phenotype of the sta6 mutant may result
from alterations in the cellular oxidative state, which in turn activates
autophagy to clean up oxidatively damaged components and fuel lipid
production.
Keyword : Microalgae, oxidative stress, autophagy
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1
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Korea, 2Safety team 2, Research Center for Genetic Toxicology, Chemon
Yongin, 17162, Republic of Korea

The giant mealworm beetle, Zophobas atratus (Coleoptera: Tenebrionidae),
is a good food resource as animal feed because of high protein content
with balanced nutrients. However, no information exists regarding its
safety for humans. The objective of the present study was to evaluate
the genotoxicity of the fat-removed powder from freeze-dried Zophobas
Atratus Larvae (frpfdZAL). frpfdZAL did not increase the number of
revertant colonies in 4 histidine auxotrophic strains of Salmonella
typhimurium (TA100, TA1535, TA98, and TA1537) or in a tryptophan
auxotrophic strain of Escherichia coli (WP2uvrA(pKM101)) at any
concentration evaluated, either in the absence or presence of the
metabolic activation system. There was no significant increase in the
number of metaphase cells with structural or numerical aberrations in
the frpfdZAL-treated groups compared to the concurrent vehicle control
at any dose, regardless of the presence of the metabolic activation system.
Oral administration of the frpfdZAL at doses up to 5,000 mg/kg in male
mice did not increase the frequency of micronucleated polychromatic
erythrocytes in the bone marrow, and did not result in any significant
clinical signs, body weight loss, gross findings, or mortality. These
results suggest that frpfdZAL does not act as a mutagenic or genotoxic
material at the concentrations evaluated.
Keyword : Zophobas Atratus, Larvae, genotoxicity
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A Novel Hybrid Histidine Kinase DrHK1 is Important for The
Multiple-Stress Resistance of Deinococcus radiodurans

A Lipid Binding Protein Important for Lipid Remobilization in
Chlamydomonas reinhardtii

Jing Zhang1,2, Jong-il Choi2, Min-Kyu Kim1,3*, Sangyong Lim1,3*
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3
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Jihyeon Lee1, Caroline Cagnon3, Yasuyo Yamaoka2, Fantao Kong1,
Yonghua Li-Beisson3, Youngsook Lee1,2*
1
Department of Integrative Bioscience and Biotechnology, Pohang
University of Science and Technology, Pohang 37673, Republic of Korea,
2
Department of Life Science, Pohang University of Science and Technology,
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Cadarache, Saint-Paul-lez Durance F-13108, France

Deinococcus radiodurans is well known for its extreme resistance
against γ-radiation, UV-light, desiccation and various DNA-damaging
agents. Various enzymatic and non-enzymatic anti-oxidative systems,
redundancy in DNA repair genes with a unique DNA repair machinery
(ESDSA) contribute to the extreme resistance of D. radiodurans. In
addition, two-component signal transduction systems (TCS) also enable
D. radiodurans to sense, respond, and adapt to changes in environment
or intracellular state efficiently. TCS consists of the pair of sensor
histidine kinases (HK) and response regulators (RR), which mediate
adaptive responses to environmental stresses. DrHK1 is a novel hybrid
sensor kinase, which is composed of N-terminal receiver domain and
C-terminal kinase-ATPase domain. Δdrhk1 mutant strain is sensitive to
multiple stresses, including γ-radiation, UV-C, MMC and H2O2. Based
on the sensitive phenotype against H2O2, we investigated the catalase
activity of Δdrhk1, and it was decreased ~3-fold compared to WT mainly
due to the decreased protein level of KatE2. DrHK1 also regulates several
important DNA-damage repair protein, like RecA and PprA. Also,
mutation study showed that the conserved H182 in kinase domain is the
key residue for the function of DrHK1.
Keyword : D. radiodurans, TCS, radiation-resistance
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Chlamydomonas stores a large amount of triacylglycerol (TAG) inside
lipid droplets (LDs) under nitrogen deficient condition. The stored lipids
are degraded when nitrogen is re-supplied, providing energy for
re-growth. The mechanism by which the cells degrade LDs during the
lipid re-mobilization phase is poorly understood. We isolated a mutant
that is very slow in TAG degradation under the nitrogen re-supplied
condition, and named it as dth1 (Delayed Triacylglycerol Hydrolysis 1).
DTH1 transcript was highly up-regulated, and the DTH1 protein amount
also increased under the nitrogen re-supplied condition. DTH1 was
localized both in ER membrane and lipid droplets. DTH1 protein
contains a domain with amphipathic helices structurally similar to those
LBD
found in apolipoproteins E and A-1, which we named as DTH1 . The
LBD
recombinant DTH1 domain bound specifically to phosphatidylethanolamines
(PEs), a phospholipid enriched in ER and LD. Taken together, our results
suggest that DTH1 plays an essential role in lipid re-mobilization by
binding to PE. Since PEs can generate curvature in the biological
membranes, and also because lipid droplets inside dth1 cells were larger
than that of WT during the lipid re-mobilization phase, we propose that
DTH1 is either involved in LD separation from ER membrane or in LD
fragmentation, thereby increases the surface area accessible to lipases.
Keyword : Chlamydomonas reinhardtii, lipid droplet, lipid remoblization
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Despite a strong interest in microalgal oil production, the understanding
of the biosynthetic pathways that produce algal lipids and the genes
involved in their regulation remains incomplete. Here we report a
transcription factor of Chlamydomonas reinhardtii that regulates the
lipid accumulation under nutrient deficient stress conditions. A
Chlamydomonas MYB-type transcription factor MYB1 was highly
induced under nitrogen- or phosphate-depleted condition. Two
independent alleles of the myb1 mutants, myb1-1 and myb1-2,
accumulated reduced amount of the representative storage lipid
triacylglycerols (TAGs), and were low in oleic acid (18:1Δ9) content
under the nutrient deficient conditions. The myb1 mutants failed to
induce the expression of Fatty Acid Thioesterase1 (FAT1) gene, which
encodes a protein important for the fatty acid transport from plastid to
other organelles, under the nitrogen-depleted condition. Finally,
overexpression of MYB1 gene increased cellular TAG content under the
normal growth conditions. Taken together, these results suggest that
MYB1 regulates TAG accumulation by upregulating FAT1 gene
expression under the nutrient starvation condition in Chlamydomonas.
Keyword : Chlamydomonas, triacylglycerols, transcription factor

Poster Session

The rumen bacteria Actinobacillus succinogenes is natural succinate
producer. The bacteria have several potential transport proteins related
to succinate production. One of them is the L-malate/succinate antiport
transporter (DcuE) that belongs to Dcu family. In this study, we modeled
membrane topology of DcuE. Based on a draft model using in silico
program, 26 amino acid positions were determined that are important
for topological analysis. Cloning of reporter gene (lacz or phoa) fusion
proteins with truncated DcuE was performed. And then we determined
the location of amino acids using β-galactosidase and alkaline
phosphatase colorimetric assays. To complement above data, western
blotting analysis with anti-β-galactosidase and anti-alkaline
phosphatase antibody was performed. This method is based on the
observation that the amount of immunoreactive products on a western
blot is different with cytoplasmic side and periplasmic side. Finally, for
determining and confirming the membrane topology model, some in
silico modeling programs were used.
Keyword : Topology, membrane protein, antiporter

Transcription Factor MYB1 Positively Regulates Lipid
Accumulation in Chlamydomonas reinhardtii under Nutrient
Starvation
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Anti-Inflammatory Effect of Rubus coreanus Miquel Stem and
Leaf Extract from Jeju Island in LPS-Stimulated RAW 264.7 cell

Anti-Inflammatory Activities of Agaricus blazei Extract and
Anti-Aging Properties of Its Biorenovation Product

Tae jin Park, Seung-Young Kim*, Ji Hyeon Kim
Department of Pharmaceutical Engineering & Biotechnology, Sunmoon
University, Chungnam 31460, Republic of Korea

Hyehyun Hong, Min-Seon Kim, Seung-Young Kim*
Department of Pharmaceutical Engineering & Biotechnology, Sunmoon
University, Chungnam 31460, Republic of Korea

Rubus coreabus Miquel are found in the southern part of Korea and their
fruits are known to have anticancer, antioxidant and anti-inflammatory
properties. However, the suppressive effect of Rubus coreanus Miquel
stem and leaf extract (RSL) on the expression of LPS-induced
inflammatory cytokines and mediators has not been yet examined. So,
we evaluated the anti-inflammatory effect of Rubus coreabus stem and
leaf extract in LPS-stimulated RAW264.7 cell. In this study, RSL
inhibited the generation pro-inflammatory cytokines such as of nitric
oxide (NO), prostaglandin E2 (PGE2), cyclooxygenase-2 (COX-2),
inducible NO synthase (iNOS) in a concentration dependent manner
without no observable toxicity in RAW 264.7 cells. Our results indicate
that RSL could be a new source for the ingredients of cosmetics and
pharmaceuticals.
Keyword : Rubus coreanus, lipopolysaccharide, inflammation

Agaricus blazei, a mushroom, has been traditionally used not only as a
medicine to treat diseases such as cancer, diabetes, and high blood
pressure, but also as a food. Here we evaluated the anti-inflammatory
effects of Agaricus blazei extract and the anti-aging properties of its
biorenovation product. Our results showed that Agaricus blazei inhibited
the production of pro-inflammatory makers such as NO, PGE2, iNOS,
COX-2 and IL-6 in LPS-treated Raw264.7 cells. Compared to its
non-biorenovation control group, the biorenovation product significantly
inhibited the production of matrix metalloproteinase-1 (MMP-1) but
increased the secretion of type I collagen in tumor necrosis factor-⍺
(TNF-⍺)-treated human dermal fibroblast cells (HDFs). We also
observed the improved cell viability of HDFs in the presence of
biorenovation product. In this study, we suggest the potent antiinflammatory effects of Agaricus blazei extract and the significantly
improved the anti-aging properties of its biorenovation product.
Keyword : Anti-inflammatory, anti-aging, agaricus blazei
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Effect of Prunus yedoensis Leaves Biorenovate Extract on Melanin
Production in B16F10 Melanoma Cells
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This study is to improve the whitening activity of Prunus yedoensis
leaves extract (PY) by Biorenovation technology. Also, we evaluated
the possibility of Prunus yedoensis leaves biorenovate extract (PYBR)
as a cosmetic raw material and to evaluate biological activity and
whitening effect. The cytotoxicity of the PY and PYBR was investigated
by MTT assays and the inhibition rates of cellular tyrosinase, melanin
synthesis rates, and expression rates of whitening-related proteins were
measured in B16F10 melanoma cells. In addition, the expression level
of tyrosinase, TRP-1, TRP-2 and MITF were decreased by PYBR in α
-MSH-treated B16F10 cells. From these results, it was confirmed that
the PYBR showed excellent whitening efficacy and could be used as safe,
natural, raw cosmetic material in the future.
Keyword : Prunus yedoensis, Biorenovation, Melanin
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Cell Culture-Based Screening and Identification of an
Anti-Inflammatory Constituent from Ligularia taquetii Nakai
Ji Han Sim, Sungchan Jang, Min-Seon Kim, Taejin Park, Jisung Lim,
Seung-Young Kim*
Department of Pharmaceutical Engineering & Biotechnology, Sun Moon
University, Asan-si, Chungcheongnam-do 31460, Republic of Korea

Ligularia taquetii (H. Lev. & Vaniot) Nakai has traditionally been used
as food and to cure inflammation and skin swelling in the Jeju Island,
Korea. In this study, we investigated the anti-inflammatory effects of
Ligularia taquetii ethanoic extract (LTE) on lipopolysaccharide
(LPS)-stimulated RAW264.7 cells. We found that LTE exerted an
inhibitory effect on the generation of pro-inflammatory markers
including prostaglandin E2 (PGE2), cyclooxygenase-2(COX-2),
interleukin-1β, interleukin-6 (IL-6), nitric oxide (NO), and inducible
nitric oxide synthase (iNOS) via the nuclear factor-κB (NFκB) signaling
pathway. We furthermore isolated and identified chlorogenic acid as an
anti-inflammatory constituent from Ligularia taquetii.
Keyword : Ligularia taquetii, anti-inflammatory, RAW264.7
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Anti-Inflammatory Effect of Formononetin 7-O-Phosphate on LPS
Stimulated RAW 264.7 Macrophage Cells

Gustatory Repulsion of Fermented Foods in Drosophila
melanogaster

Min-Seon Kim1, Jin-Soo Park2, Byeong-Min Choi1, Yeon-Su Koo1,
Seung-Young Kim1*
1
Department of Pharmaceutical Engineering & Biotechnology, Sunmoon
Univercity, Chungnam 31460, Republic of Korea, 2Natural Product
Informatics Research Center, KIST Gangneung Institute of Natural
Products, Korea Institute of Science and Technology (KIST), 679,
Saimdang-ro, 25451, Republic of Korea

Subash Dhakal, Binod Aryal, Youngseok Lee*
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Bio-renovation is a method to produce various derivatives of natural
products by microbial catalysis. Using this method, we discovered a
formononetin (FM)-derived new anti-inflammatory drug which is
verified as formononetin 7-O-phosphate (FMP). Our results indicated
that FMP inhibited the prodution of pro-inflammatory markers such as
nitric oxide (NO), prostaglandin E2 (PGE2), interleukin-6 (IL-6) and
interleukin-1β (IL-1β) through blocking extracellular signal-regulated
kinases (ERK), c-Jun amino-terminal kinase (JNK) and nuclear factor-κ
B (NF-κB) signaling pathways.
Keyword : Anti-inflammatory, formononetin 7-O-phosphate, bio-renovation
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In nature, vinegar (acetic acid) from the molds and ammonia from rotten
fishes, indicate fermenting activity, which signals to insects that there’s
an abundance of food source nearby. Vinegar flies, Drosophila
melanogaster, use gustatory as well as olfactory receptors to detect any
compounds present in environment. Smell is a cue that attracts flies to
the fermented materials such as wine and ripened fruits. Fly's main taste
organ, the labellum, is decorated with bristles that house dendrites of
gustatory receptor neurons. Gustatory system helps them to segregate
foods that are nutritious, non-nutritious or even toxic. Ammonia and
histamine are byproducts of many fermented foods. Low concentration
of ammonia and histamine may be preferred by flies, whereas higher
concentration of them are harmful to animals. Some people enjoy
fermented foods such as skate fish especially at south west area in Korea,
but most people avoid it because of pungent ammonia taste and smell.
Similarly, when fish is rotten or fermented, histidine starts to be
converted to histamine by decarboxylation and produce similar pungent
odor. Here we show that the taste response of ammonia and histamine
in flies is governed by Gr66a+ neurons, identified as bitter taste cue in
a Drosophila model. First, we did dose response and mapping by in vivo
extracellular recordings. We found that ammonia and histamine
specifically activate S-type sensilla in labellum, which is well known
to sense bitter compounds such as caffeine. To find chemoreceptors, we
screened various candidate chemoreceptors.
Keyword : Gustatory repulsion, fermented food, fruit fly, Drosophila
melanogaster
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Genetic Interaction between the Escherichia coli YejM Cardiolipin
Transport Protein and the LapB Lipopolysaccharide Assembly
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Microbial rhodopsins are membrane proteins found widely in archaea,
eubacteria and eukaryotes. In this poster, we introduce a gene encoding
type I microbial rhodopsin was found in the genome of a marine
non-motile dinoflagellate, Pyrocystis lunula. Surprisingly, it lacks
introns, untypical for a eukaryotic gene. The gene was functionally
expressed in Escherichia coli and bound all-trans retinal to form a
pigment (λmax=513 nm at pH 7), which we called PyR (Pyrocystis
rhodopsin). It showed a light-driven proton pumping activity similar to
proteorhodopsin, suggesting that its function might be a transmembrane
proton pump. Isomeric state of the retinylidene chromophore of PyR in
the dark and after illumination was examined by HPLC analyses of
extracted retinal and Raman spectroscopy, showing predominantly
all-trans configuration in both cases. The photocycle of PyR as
investigated by time-resolved spectroscopy in the visible and infrared
(FTIR) ranges showed many similarities with proteorhodopsin
photocycle, as well as several unique features. Messenger RNA levels
of PyR in P. lunula cells depended on the duration of the green light
adaptation. Indirect immunofluorescence experiments in P. lunula cells
showed a marked labeling of the plasma membrane. Thus, a marine
non-motile P. lunula may use the rhodopsin, which absorbs green light
available in the sea water, for supplementary energy production.
Keyword : Microbial rhodopsin, Dinoflagellate, Pyrocystis lunula

Poster Session

The increasing prevalence of antibiotic resistance and the lack of new
antibiotic drug development has gradually reduced the treatment options
for bacterial infections. To combat antibiotic-resistant bacterial
pathogens, there is a critical need for the development of novel antibiotics
with new antibacterial modes of action to complement existing drugs
that inhibit peptidoglycan biosynthesis, DNA replication, or protein
biosynthesis. To identify a novel promising target which are previously
unexploited by commercially available drugs, we searched a novel
essential gene in Escherichia coli. Among 10 candidates, a yejM gene
was identified as an essential gene. YejM was known as a cardiolipin
transporter responsible for cardiolipin trafficking to the outer membrane
in Salmonella Typhimurium. Overproduction of YejM inhibited the
growth of E. coli cells under various stress conditions. Complementation
experiments showed that the N-terminal domain of YejM is indispensable
for its essentiality. The essentiality of the yejM mutant was suppressed
by deletion of the lapB gene, encoding a heat shock protein involved in
the assembly of lipopolysaccharide. Through these experiments, we
identified the genetic interaction between the YejM cardiolipin transport
protein and the LapB lipopolysaccharide assembly protein. [This work
was supported by the Advanced Biomass R&D Center (ABC) of the
Global Frontier Project funded by the Ministry of Science and ICT
(ABC-2015M3A6A2065700)]
Keyword : Cardiolipin, lipopolysaccharide, genetic interaction

Biochemical and Functional Characterization of Dinoflagellate
Light-Driven Proton Pump, Pyrocystis Rhodopsin
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Surveilance of Methicillin-Resistant Staphylococcus Isolated from
Companion Animal-Related Environments

Cirsium japonicum var. maackii and Apigenin Block Hif-2a
Induced Osteoarthritic Cartilage Destruction
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Staphylococci are commonbacterial colonizers of the skin and mucous
membranes of humans and othermammals. The increasing antibiotic
resistance of Staphylococci poses a great challenge for the management
ofhospital-acquired infections in general and a strategy to prevent the
spreadingis proposed with one health concept. In this study, we
investigated methicillin-resistant Staphylococci including S. aureus, S.
pseudintermedius, S. epidermidis which were isolated from companion
animal-relatedenvironment, companion dogs and cats, the owner,
veterinary doctor, and livingenvironment. While S. aureus
wasabundantly isolated from humans, S. pseudintermedius was
dominant incompanion animals. This is well known phenomenon, but
the proportions of S. aureus in companion animals and S.
pseudintermediusin humans were not negligible indicating that two
species were cross colonizedin the other hosts respectively. Whereas
dominant methicillin-resistant S. aureus among all isolates was ST72and
SCCmec type IV, methicillin-resistantS. pseudintermedius were diverse
sequence types and SCCmec types.
Keyword : Staphylococci, methicillin-resistant, Surveilance

Although HIF-2α is a master regulator of catabolic factor expression in
osteoarthritis development, HIF-2α inhibitors remain undeveloped. The
aim of this study was to determine whether Cirsium japonicum var.
maackii (CJM) extract and one of its constituents, apigenin, could
attenuate the Hif-2α-induced cartilage destruction implicated in
osteoarthritis progression. In vitro and in vivo studies demonstrated that
CJM reduced the IL-1b, IL-17-, and TNF-a-induced upregulation of
MMP3, MMP13, and COX-2, and blocked osteoarthritis development
in a destabilization of the medial meniscus mouse model. Activation of
Hif-2α, which directly upregulates MMP3, MMP13, and COX-2
expression, is inhibited by CJM extract. Although cirsimarin, cirsimaritin,
and apigenin are components of CJM and can reduce inflammation, only
apigenin effectively reduced Hif-2α expression and inhibited Hif-2α
-induced MMP3, MMP13, and COX-2 expression in articular
chondrocytes. IL-1b induction of JNK phosphorylation and IkB
degradation, representing a critical pathway for Hif-2α expression, was
completely blocked by apigenin in a concentration-dependent manner.
Collectively, these effects indicate that CJM and one of its most potent
constituents, apigenin, could lead to the development of therapeutic
agents for blocking osteoarthritis development as novel Hif-2α
inhibitors.
Keyword : Cirsium japonicum var. maackii, apigenin, osteoarthritis
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Cell-Free Synthetic System-Based Point-of-Care Diagnosis of
Acute Rejection in Kidney Transplant Recipients

Anti-Obesity Effects of Plant Extract from Sedum sp. on 3T3-L1
Cells by Downregulating C/EBP α and PPAR γ
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Quantitative PCR and droplet digital PCR were demonstrated as
non-invasive methods for quantifying the level of urinary mRNAs CD3ɛ
and IP-10, which are considered as the biomarker for the diagnosis of
acute rejection in the kidney transplant recipients. Although the PCR
techniques provide highly sensitive and accurate results, a point-of-care
(POC) testing method of urinary mRNAs is required for a rapid and
affordable diagnosis of acute rejection. In this study, the RNA toehold
switches were utilized for the cell-free system-based diagnosis of urinary
mRNA IP-10. From more than 100 putative toehold switches, a total of
five toehold switches was screened out. Among them, the toehold switch
1 showed the highest fold change of absorbance after 45 min of incubation
with relatively high specificity. The sensitivity of the toehold switch 1
was also demonstrated with the cognate mRNA IP-10. For the POC
diagnosis, the colorimetric output was employed for a direct recognition
by naked eyes. This study showed the possibility of the RNA toehold
switch utilization for the POC diagnosis of the urinary mRNAs from
kidney transplant recipients.
Keyword : Cell-free system, RNA toehold switch, urinary mRNA
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Obesity is a state of abnormal or excessive fat accumulation in the body.
Obesity is generally associated with several risks of diseases such as type
2 diabetes, hepatic steatosis, and cancer. Adipogenesis is the process of
cell differentiation by which pre-adipocytes become adipocytes and
plays an important role in adipocyte formation and lipid accumulation.
Therefore, controlling adipocyte differentiation is the key to overcome
obesity. Sedum sp. have been traditionally used in Asian cultures as
medicinal plants. The effect of Sedum sp. on the inhibition of adipocyte
differentiation has not been studied yet. In this study, we demonstrated
that the plant extract from Sedum sp. (PES) is highly effective for
inhibiting adipogenesis and reducing lipid accumulation. The PES
significantly inhibited lipid accumulation by repressing C/EBPα and
PPAR γ in both translational and transcriptional levels on 3T3-L1
adipocytes. In addition, PES decreased lipid synthesis by inhibiting the
expression of fat synthesis transcription factors such as Fatty acid
synthase and SREBP-1. These results indicate that PES inhibit the
expression of PPAR γ and C/EBPα, resulting in a decrease of lipid
accumulation in 3T3-L1 pre-adipocyte which suggest the potential use
of PES as an anti-obesity agent.
Keyword : Adipogenesis, PPAR γ, Anti-3T3-L1
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Cervix cancel is one of the significant health problems for Korean
woman. For this reason, finding anti-tumor agent from nature plant by
using HeLa cells is basis research to develop anti-tumor drugs. In
previous studies discovered that Plant M, a native tree in Korea, showed
cytotoxic activity towards Human cervix cancer HeLa cells in vitro.
However, the exact anti-tumor mechanism of this plant has not been
studied. Therefore, in this study, we obtained extract of plant M (EPM)
and investigated its anti-tumor activity in HeLa cells to elucidate
molecular mechanisms. First, we found that EPM showed a cytotoxicity
on HeLa cells between concentrations of 50 and 300 μg/ml, which
concentrations did not present any cytotoxic effect on non-cancerous
HaCaT cells. Furthermore, to investigate the mechanisms of apoptotic
effect of EPM, we performed Immunofluorescence staining and Western
blot assay. In the results, we found that EPM up-regulated the expressions
of apoptotic signaling pathway proteins, such as cytochrome C, Bim,
Bak. Additionally, the caspase cascade was activated in EPM treated
HeLa cells. These results demonstrated that EPM has anti-tumor activity
especially on HeLa cells and it can be used for primary information of
new anti-tumor agent development.
Keyword : Apoptosis, HeLa cell, caspase
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The fluoroquinolones are widely used for prevention and treatment in
veterinary medicine. This study was to investigate the contemporary
antimicrobial susceptibility and fluoroquinolone resistance
mechanisms in Pseudomonas aeruginosa isolated from dogs. Disk
diffusion assay and MICs for antimicrobial resistance profile was
performed. The gyrA and parC genes were amplified by PCR. A total
of 84 P. aeruginosa strains were isolated from 228 healthy dogs and 260
clinically ill dogs. Thirty-eight isolates (38/228, 16.7%) from healthy
dogs (Healthy group) were detected in various samples. Whereas
forty-eight isolates (41/260, 15.8%) from clinically ill dogs (Clinical
group) were most common from otitis externa samples. All isolates were
resistant to nalidixic acid, followed by enrofloxacin (23/84, 27.4%),
marbofloxacin (17/84, 20.2%), levofloxacin (12/84, 14.3%) and
ciprofloxacin (n=11, 13.1%). Enrofloxacin resistance was significantly
higher (p < 0.05) in the Clinical group. Twenty-one and twenty-six
mutations were detected in the gyrA and parC, respectively, among
23-enrofloxacin resistant isolates. Mutations in gyrA were significantly
common in the Clinical group (p < 0.05). Of these, 39 amino acid
alternations, 6 silent mutations, and 2 frameshift mutations were
identified. Hotspots of gyrA and parC mutation were Thr83 (34.8%,
8/23) and Pro116 (91.3%, 21/23), respectively. In conclusions, novel
mutations in gyrA and parC were first found in P. aeruginosa isolates
from companion dogs in Korea. This finding suggests that the
importance of appropriate use for fluoroquinolone antibiotics
commonly used in canine pseudomonas infections.
Keyword : Companion dog, Pseudomonas aeruginosa, novel mutations
in gyrA and parC
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Emergence of blaNDM-5-Producing Escherichia coli ST410 Strains
from Clinically Ill Dogs in Korea

Genome of Methicillin-Resistant Staphylococcus pseudintermedius
with pseudoSCCmecKW21 Element
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The emergence and spread of carbapenemase-producing Enterobacteriaceae
(CPE) is causing worldwide public health threats to antimicrobial
resistance. Especially, blaNDM-producing Escherichia coli have emerged
in humans and animals that are associated with severe infections. This
study was to evaluate the clonality through the antimicrobial resistance,
transfer of resistance plasmid, and molecular epidemiological methods
in the four carbapenemase-producing E. coli isolates from clinically ill
dogs of different animal hospitals during 2017 to 2019. All isolates were
identified by MALDI-TOF/MS and performed antimicrobial
susceptibility, conjugation, plasmid replicon typing, pulsed-field gel
electrophoresis (PFGE) and multilocus sequence typing (MLST). Four
CPE isolates were resistant to almost all antibiotics, including third- and
fourth cephalosporins and harbored the carbapenemase gene, NDM-5.
Furthermore, IncX3 type plasmids carrying NDM-5 in all isolates were
transferred. High genetic similarity of > 95% by PFGE analysis was
observed in the four CPE strains, which were identified as ST410.
Therefore, it was confirmed that the blaNDM-5-producing E. coli ST410
strains were epidemiologically identical. In conclusion, this study shows
that blaNDM-5-producing E. coli ST410 clones are increasingly spreading
in companion dogs. It is necessary to paying attention to the emergence
of carbapenem resistance in companion animals.
Keyword : Companion dogs, blaNDM-5-producing E. coli ST410, IncX3
type plasmid

Antimicrobial resistant bacteria residing in companion animals are
emerging problem in a view of public health because companion animals
are exposed to the antimicrobial agents similar to those used for humans
and they share the same environment as humans with close contact. In
this study, methicillin-resistant Staphylococcus pseudintermedius
(MRSP) was isolated from a companion dog, the dog raiser, and living
environment. Based on genetic analyses such as MLST and PFGE, three
isolates were identified as the same clone of type 585. However, SCCmec
typing was not classified in those isolates. Thus, genome sequencing was
performed to identify the SCCmec type. All isolates have closely similar
genome context with 2.6 Mb in size. Blast 2 analysis showed almost
100% othoANI values among the strains. Interestingly, they contained
the same unusual SCCmec element, pseudoSCCmecKW21, which was
reported in MRSP isolated from animals in Australia. This indicates that
those isolates originated from companion dog and might colonize in
human.
Keyword : Methicillin-resistant Staphylococcus pseudintermedius,
companion animal, pseudoSCCmecKW21
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A gradual rising in carbapenem resistant trends among Enterobacteriaceae
poses an enormous threat to public health. In Korea, Carbapenem
resistant Enterobacteriaceae (CRE) was classified into Category Ⅲ
National Infectious Diseases, June 2017. The number of CRE strains that
inspected for laboratoy diagnosis were 5,033 for 2017 and 9,484 for
2018. In this study, we investigated distribution of species, resistant rate,
and CPE (Carbapenemase-producing Enterobacteriaceae) types of
gene in 2017 and 2018. Sensititre Gram negative MIC plate KORN
(TREK diagnostics, USA) was used to determine susceptibility of
imipenem, meropenem, ertapenem and doripenem agent. The CPE
genes were detected by conventional PCR and carried out analysis by
sequence alignment method. The most CRE strains were Klebsiella
pneumoniae (63.7%), Escherichia coli (17%) and Enterobacter cloacae
(4.2%). The CPE genes were classified into 43 types. KPC-2 and NDM-1
were the most genotypes in each year, in particular, OXA-181 was higher
for 2018 (2.45%) than 2017 (0.98%). As the number of CRE case
increases every year, effective antibiotic prescriptions and national
countermeasures are needed to reduce the resistance burden of CRE.
Keyword : CRE, carbapenemase gene, antimicrobial resistance
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The Characteristics and Genetic Diversity of Shiga Toxin Producing
Escherichia coli (STEC) Isolated in Korea from 2009 to 2018

Identification of a Staphylococcal Biomarker for a Rapid
Antibiotic Susceptibility Test
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Background : Shiga toxin (Stx)-producing E. coli (STEC) has been
associated with diarrhea, hemorrhagic colitis (HC), and hemolytic
uremic syndrome (HUS) in industrialized countries. In order to
characterize the molecular features of human STEC isolates in Korea,
we investigated the profiles of serotype and stx stoxin genes. Methods
: From 2009 to 2018, 416 STEC strains data were collected by
Surveillance for Acute Gastroenteritis (EnterNet-Korea), Among these,
we selected 132 STEC strains and confirmed using VITEK2 system and
API. Also, toxin genes (stx1, stx2) were confirmed by PCR. Toxin gene
subtyping and MLST were evaluated. MLST data were analyzed by
MEGA 6 software. To quantify expression of shiga toxin, commercial
RPLA kit was used. Results : 416 STEC strains were identified 57
serotypes, The major serotypes were O157 (18.5%), O103 (12.5%), O26
(7.9%), O111 (5.5%), O91 (4.3%), O108 (2.2%), O8 (1.9%). The profiles
of shiga-toxin genes of O157 strains were different form that of other
serogroups (O103, O26 and O111). In O157 strains, both stx1 and stx2
were detected most frequently than stx1 and stx2 alone, while in
non-O157 STEC strains, stx1 gene was most frequently present. Also,
the production of shiga toxin was high in O157 STEC strains than
non-O157 STEC strains. The main subtypes of stx1 were all of 1a except
one (1c), and the stx2 were 2c (40.8%), 2a (25.4%), 2d (25.4%), 2b
(4.2%), 2e (2.8%), and 2g (1.4%). 132 STEC clinical isolates showed
39 different MLST ST types and the major MLST ST types were ST11.
Serotypes of ST11 were determined O157:H7. Conclusions : O157
strains were most frequently isolated strains in Korea. This strains had
two shiga toxin genes (stx1 and stx2) and showed high toxin production.
Thus hygiene education is required to this strain. In addition, efficient
information system and surveillance project for infection prevention
should be continued.
Keyword : STEC, O157

Antibiotic resistance is rapidly spreading worldwide. Infections caused
by antibiotic resistant bacteria are often difficult to treat and can be
life-threatening due to limited antibiotic options. The key element of
successful treatment for these infections is effective choices of
antibiotics that can be decided through rapid and accurate antibiotic
susceptibility tests. In this study, we identified a staphylococcal protein
as a potential biomarker for antibiotic susceptibility test of
Staphylococcus aureus, a major bacterial pathogen in the world. The
identified protein named as SMP is a predicted small membrane protein
(~ 9kDa) with unknown function. We found that various antibiotics
including ciprofloxacin, vancomycin, methicillin, tetracycline, and
linezolid trigger SMP induction from 5 to over 100 folds in a pan-drug
susceptible S. aureus as early as after 1 hour treatment of antibiotics.
Interestingly, SMP was not induced at conditions in which antibacterial
agents are not effective despite of their presence. Based on the result,
we hypothesized that SMP induction can indirectly indicate the efficacy
of antibiotics in S. aureus. To confirm the hypothesis, we measured SMP
expression in 55 clinically isolated multidrug resistant S. aureus strains
after 3 hour incubation with antibiotics. Increased SMP expressions were
only detected when the strains are sensitive to treated antibiotics, while
no SMP inductions were observed with antibiotics of which the strains
are resistant. The result precisely matched to antibiotic resistance
profiles of the strains. Since SMP is only conserved in S. aureus and it
is quite rapidly induced upon antibiotic treatments, our findings suggest
that SMP can be a potential biomarker for S. aureus diagnosis as well
as antibiotic susceptibility test.
Keyword : Staphylococcus aureus, susceptibility test, biomarker
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Biofilm is a bacterial aggregate containing bacteria and secreted
substances formed through quorum sensing. Bacteria inside a biofilm
are much more resistant to antibiotics. Biofilm formed on the surface
of human intestine causes various diseases. Unlike other common
bacteria, Enterococcus faecalis is a pathogen that can easily acquire
pathogenic genes, especially antibiotic-resistance ones, from other
bacteria. E. faecalis is a Gram positive bacterium, and its susceptibility
to antibiotics is lower than that of Gram negative bacteria. We induced
formation of biofilm of these bacteria on an in vitro-cultured human
intestinal cell line SNU-C4. Phages capable of infecting various E.
faecalis strains were isolated from environment and used for making up
the cocktail to remove the biofilm. After phage treatment, remaining
bacteria were counted and the epithelial cells were observed under a
microscope using immunostaining. We discuss the efficacy of phage
cocktail, antibiotics, and phage endolysin for removing biofilm.
Keyword : Removal of biofilm, phage therapy
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Efficient Production of Cell-Permeable Oct4 Protein Using
Silkworm-Originating 30Kc19 Protein

Effect of Human Induced Pluripotent Stem Cell-Derived
Exosome-Mimetic Nanovesicles on Senescent Dermal Fibroblasts
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Oct4 is a transcription factor (TF), which works as transcriptional
activator and plays an essential role in reprogramming or direct
conversion of somatic cells. Many strategies have been reported to
transduce TFs including Oct4 into the cells by delivering the gene;
however, several problems such as genetic mutation, cytotoxicity, and
low transfection efficiency have also been raised in these methods.
Although direct delivery of the transcription factors has been suggested
as an alternative to these problems, it is limited due to poor solubility
and stability of such recombinant TFs. Previously, it has been reported
that the conjugation of Bombyx mori 30Kc19 protein not only facilitated
intracellular delivery but also augmented soluble expression in
Escherichia coli and stability of recombinant TFs. However, the
expression levels of the 30Kc19-conjugated TFs were still low. Here we
reconstituted 30Kc19-conjugated Oct4 protein (Oct4-30Kc19)
expressed as inclusion bodies and compared to soluble expression. The
insoluble Oct4-30Kc19 was denatured and then refolded in an affinity
chromatography column. The refolded Oct4-30Kc19 showed a
cell-penetrating property without any significant cytotoxicity and the
thermal stability was enhanced similar to soluble Oct4-30Kc19, while
total production yield was increased drastically. In addition, the
transcriptional activity of the refolded Oct4-30Kc19 was also
demonstrated through Oct4-GFP reporter assay. It is anticipated that our
refolded Oct4-30Kc19 can be utilized as a valuable tool for
transgene-free cellular reprogramming and direct conversion.
Keyword : 30Kc19 protein, transcription factor, inclusion body

Skin aging is caused by intrinsic and extrinsic factors. Intrinsic aging
is called natural aging and occurs over time, and extrinsic aging is caused
by environmental factors such as sunlight, active oxygen etc. The aging
skin commonly became thinner skin, and has less elastic and collagen
fibers. Human dermal fibroblasts (HDFs) are a major cell type of the
dermis and have been used as a model cell type to investigate skin aging
in vitro study. In recent research, stem cells and their secretomes have
been applied to skin regeneration. Stem cells secrete numerous growth
factors and cytokines, and those are transmitted by the exosomes, a kind
of extra cellulary-secreted vesicles. In previous studies, we found that
induced pluripotent stem cell (iPSC)-derived exosomes increased
proliferation and migration of human dermal fibroblasts (HDFs) and
increased collagen type I gene expression. However, the amount of
exosome from the human iPSC-conditioned medium (CM) was quite
small, and consequently it tooks a long time to obtain a large amount of
medium. In this study, we prepared exosome-mimetic nanovesicles
(EMNs) from human iPSCs using both biochemical and physical
methods and characterized the properties of the EMNs. The size and
concentration of EMNs were measured using nanoparticle tracking
analysis (NTA), then WST-8 analysis revealed that cell proliferation was
enhanced in a dose-dependent manner. Scratch wound and transwell
assay demonstrated that EMNs promoted the migration of senescent
HDFs. Reverse transcription polymerase chain reaction (RT-PCR) was
performed to evaluate the mRNA expression of the gene involved in skin
aging. We were able to obtain more EMNs from the cells compared to
naturally secreted exosomes and EMNs functioned like exosome. These
studies indicate that EMNs can ameliorate skin aging and were expected
to provide a technical advance toward the clinical application of EMNs
in skin aging.
Keyword : Exosome-mimetic nanovesicles, anti-aging, senescent
dermal fibroblast
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The rapid development of drug resistance among pathogenic bacteria
is one of the most important challenges to the treatment of bacterial
infection. Nanotechnology-based delivery systems are a breakthrough
strategy that has overcome skin barrier and multidrug resistance cancer
in the cosmetics and pharmaceutical fields, respectively. Likewise, local
antimicrobial treatments via nanoparticle-based delivery can be an
attractive strategy that improves drug concentrations at the site of
infection while avoiding systemic exposure, possibly resulting in a
gradual reduction of resistance development. Here we report
nanoparticle-based combination antimicrobial treatment including
commercially available antibiotics, antimicrobial peptides, and silver
nanoparticles to combat bacterial infections using biomimetic silica
deposition. A reduction of the antibiotic dose was observed in the
presence of lower sized nanoparticles (less than 100 nm). Therefore, this
delivery system might be applied to develop the antimicrobial reagent
inhibiting the emergence of bacterial drug resistance while minimizing
the side effects of high dose antibiotics.
Keyword : Nanoparticle, antibiotics, antimicrobial peptide
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Zika virus (ZIKV) is an emerging mosquito-transmitted Flavivirus that
causes various severe diseases including Guillain–Barré syndrome in
adults and microcephaly in newborns. However, mechanisms by which
ZIKV evade mammalian immune responses to increase its infection and
cause diseases still remain unknown. We screened for which viral
proteins can inhibit interferon-β production (IFN-β) through targeting
individual signaling components of RIG-I/MDA5 pathway. Our results
demonstrate that among 10 viral proteins, C, NS2A NS4A and NS4B
protein significantly antagonize IFN-β, in which NS2A and NS4A
exhibit the strongest inhibition. Based on that, we investigate the
mechanism of NS2A and NS4A to regulate the IFN induction. Both
NS2A and NS4A inhibit MDA5-induced IFN-β induction in dose
response manner. Interestingly, NS2A and NS4A induce the degradation
of MDA5 protein, but not EGFP protein, even though both are under the
control of same promoter (pCMV). We are closer to the hypothesis that
NS2A and NS4A may not regulate at general host transcription and
translation level. Further, NS2A and NS4A are largely hydrophobic
transmembrane proteins, containing 5 and 3 transmembrane domains,
respectively. Therefore, we constructed NS2A and NS4A into different
domains according to their position on endoplasmic reticulum
membrane. Our results demonstrate that some of NS2A and NS4A
domains play a major role in the antagonism of IFN-β production.
Keyword : Zika, interferon, NS2A
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Chikungunya virus (CHIKV) is a single-strand positive RNA virus,
belongs to genus alphavirus, and the family Togaviridae. CHIKV is
transmitted by two types of mosquitoes: Aedes albopictus and Aedes
aegypti. CHIKV causes chikungunya showing symptoms such as acute
fever, arthralgia and multiple joint pains. Interferons are antiviral
proteins modulating immune responses against to pathogens such as
viruses. The genome of RNA virus are recognized by RIG-I and MDA5
which is a pattern recognition receptor, and production of Type I
interferon is activated by immune genes such as MAVS, TBKI, IKKε,
and IRF3 as downstream signaling. The goal of this study is to identify
CHIKV proteins affecting the modulation of type I interferon responses.
For this study, we annotated CHIKV individual genes, cloned each gene
into N-terminus 3xFLAG tagged pcDNA3.1 vector, and then tested
Type-I IFN signaling by expressions in-vitro. Among CHIKV genes,
nsP2, E2 and E1 dramatically inhibit Type I IFN responses. Here we
demonstrated that CHIKV genes could be antagonists for production of
Type I IFN as regulating of downstream signaling.
Keyword : Chikungunya, inteferon, nsP2
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To better understand the elimination of transforming activity of
antibiotic resistance genes (ARGs), this study determined deactivation
of transforming activity of an ARG (in Escherichia coli strains having
different genotyping as a host) and the ARG degradation (according to
quantitative PCR [qPCR] with different amplicon sizes) during O3,
HOCl, UV254nm and UV254nm/H2O2 treatment plasmid pUC19 containing
an ampicillin resistance gene (ampR). ARG deactivation was assessed
+
by Escherichia coli K12 bacteria strains AB1157 (wild-type, endA
+
+
+
+
+
+
uvrA recA ), AB1886 (endA uvrA recA ), AB2463 (endA uvrA
recA-), AB2480 (endA+ uvrA- recA-), and DH5α (endA- uvrA+ recA-).
Our results are providing on predicting and/or measuring the rate of DNA
damage and predicting the efficiency of transforming activity
elimination for plasmid-encoded ARGs during chemical oxidation and
UV-based water disinfection.
Keyword : Antibiotic resistance gene, oxidative water treatment, qPCR

Genome-Wide Screening of Chikungunya Virus Proteins as
Antagonists of Interferon Signaling
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MERS-CoV-Encoded Proteins That Regulates Type I Interferon
Signaling
Jinjong Myoung
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Jeollabuk-do 54531, Republic of Korea

Middle East respiratory syndrome coronavirus (MERS-CoV), which is
a highly pathogenic emerging virus, caused the outbreak in South Korea
at 2015, 186 infected patients including 38 deaths. However, the
pathogenic mechanisms related to host innate immune responses still
remain unclear. The aim of current study is to determine whether
MERS-CoV proteins antagonize innate immune activity, especially
Interferon-β (IFN-β) production in Type I interferon signaling pathway.
For this study, we cloned accessary and structural genes into N-terminus
3xFLAG tagged expression vector named p3xFLAG-CMV10. After
transiently transfecting with IFN-β-luciferase expression vector into
HEK293T cells, alteration of IFN-β expression was determined by
luciferase assay and expression of MDA5/RIG-I and target genes was
confirmed by western blot assay. In the results, structural (Spike) and
accessory (ORF4a, ORF4b and ORF8b) proteins act as potential
interferon antagonists. Further examination is being performed to
identify critical domains and/or regions in target proteins to control Type
I interferon signaling pathways. Our study could provide efficient
knowledge to understand host-virus interactions and to contribute to
MERS-CoV related researches such as vaccine development.
Keyword : Respiratory, corona virus, interferon
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Scrapie prion protein (PrP ), which includes an increased proportion of
C
β-sheets compared to cellular prion protein (PrP ), can be
self-aggregated. When a mutation (G131V) occurs in first strand of
C
native β-sheet of human PrP , it acquires additional hydrogen bonds,
which results in an extension of the β-sheet structure. This extended β
-sheet structure creates side chain-side chain interactions and results in
C
sc
conformational change of PrP to PrP . In order to find out the effect
of changes in hydrogen bonds on PrP aggregation, the prion aggregate
formation assay (PAFA) was conducted using D2O, which forms stronger
hydrogen bond than H2O, but has the same chemical properties. PAFA
was performed with mouse recombinant PrP partially denatured with
guanidine hydrochloride and aggregation was measured by thioflavin
T during 720 cycles. All the reagents used in the experiment were made
by either D2O or H2O. The result of PAFA repeated four times
demonstrated that the lag phase prior to aggregation was reduced
20.25%. However, in terms of the maximum fluorescence intensity, there
was no difference between samples including controls. These results
suggest the PrP aggregation occurred faster under the D2O condition than
under the H2O condition, indicating that the PrP aggregation can be
formed more quickly when hydrogen bonds become stronger in the
surroundings.
Keyword : Prion, hydrogen bond, D2O
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Prion diseases are transmissible neurodegenerative disorders, which
involve dementia, ataxia, gait disturbance and severe wasting. Prion
protein (PrP) has an isoform called scrapie PrP (PrPSc) that causes
C
Sc
neurodegenerative conditions. Cellular PrP (PrP ) is converted to PrP ,
which forms aggregates themselves. Our previous studies demonstrated
that plasminogen and its kringle domain 1+2+3 increase prion
conversion. To identify specific sequences within plasminogen that
Sc
stimulate PrP production, we tested two peptides, P1 and P2, consisted
of partially repeated sequences found within plasminogen. ScN2a cells
Sc
incubated with P1 and P2 increased the level of PrP and P2 was more
efficient. However, ScN2a cell lysate incubated with P1 and P2 in vitro
did not change the level of PrPSc. This suggests that increase of PrPSc by
P1 and P2 in cell-based study is attributed to stimulating generation of
Sc
PrP by the peptides. This study suggests that P1 and P2 sequences in
plasminogen are important for the function of plasminogen as a cofactor
for PrP conversion.
Keyword : Prion, scrapie prion protein, plasminogen
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Gyu Park*
Department of Chemical and Biomolecular Engineering, KAIST, Daejeon
34141, Republic of Korea

Due to the effective antimicrobial properties and low toxicity of silver
nanoparticles (AgNPs) toward mammalian cells, they have been widely
used as antimicrobial agents in different products, including clothes,
plasters, bandages, toothbrushes, catheters, scalpels, cosmetics,
1,2
needles, refrigerators, and mobile phones. It has been reported that
when AgNPs interact with microorganisms (bacteria, fungi, and
viruses), silver ions (Ag+) are released and these ions may affect and
3
damage the microorganism in different ways. Recent studies have
demonstrated that silver nanoprisms (AgNPRs) displayed the strongest
inhibition effect against Escherichia coli (E. coli) bacteria, compared
+4
with spherical and rod-shaped nanoparticles and with Ag . In this study,
we coated the silver nanoprisms with bovine serum albumin (BSA)
(AgNPRs@ BSA) and penicillin, which results in the formation of
AgNPRs@BSA@Penicilin nanocomposites. According to the bacteria
growth tests and antimicrobial susceptibility results, the synthesized
AgNPRs@BSA@Penicilin metal nanocomposites showed enhanced
antimicrobial activity against all four tested organisms, including
Staphylococcus aureus, Enterococcus fecalis, Escherichia coli, and
Klebsiella pneumonia. Based on micro-dilution method, the
antibacterial activities of different metal nanocomposites and
nanoprisms was determined as AgNPRs@BSA@Penicilin>
AgNPRs@BSA> AgNPRs@Penicilin>AgNPRs. The enhanced
antibacterial activity of AgNPRs@BSA@Penicilin metal
nanocomposites was attributed to the synergistic effect of silver and
penicillin against both Gram-positive and Gram-negative bacteria.
Moreover, the synthesized AgNPRs@BSA@Penicilin metal
nanocomposites are biocompatible, which remained nontoxic to
mammalian cells. Therefore, we successfully enlarged the antibacterial
spectrum
by
utilizing
AgNPRs@BSA@Penicilin
metal
nanocomposites. References 1. S. Chernousova and M. Epple,
Angewandte Chemie International Edition, 2013, 52, 1636-1653. 2. O.
Choi, K. K. Deng, N.-J. Kim, L. Ross Jr, R. Y. Surampalli and Z. Hu,
Water research, 2008, 42, 3066-3074. 3. Q. L. Feng, J. Wu, G. Chen, F.
Cui, T. Kim and J. Kim, Journal of biomedical materials research, 2000,
52, 662-668. 4. S. Pal, Y. K. Tak and J. M. Song, Appl. Environ. Microbiol.,
2007, 73, 1712-1720.
Keyword : Silver nanoprisms, penicillin, bovine serum albumin
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Bacterial cancer therapy (BCT) describes an important property of
several attenuated strains of Salmonella enterica serovar typhimurium:
the ability to concentrate within solid tumors and cause tumor regression.
However, the precise mechanism underlying BCT-mediated tumor
regression remains unclear. Autophagy is a well-known cellular survival
strategy that degrades unnecessary proteins and unwanted organelles in
the cytoplasm under stress conditions. Recent studies show that
autophagy in host cells acts as a defense mechanism against bacterial
invasion. Here, we report intriguing results showing that
autophagy-deficient MC38 mouse colon cancers do not respond to BCT
with attenuated S. Typhimurium. Attenuated Salmonella induced
autophagy in competent MC38 cells in a dose- and time point-dependent
manner. In addition, we found that autophagy induced by BCT was
associated with LPS/TLR4 signaling, mediated through p38 and p62.
Moreover, suppression of autophagy significantly inhibited the
exposure/release of danger signals such as calreticulin (CALR),
adenosine triphosphate (ATP), and high-mobility group box 1 protein
(HMGB1) in cancer cells after bacterial infection. These molecules
regulated tumor-infiltrating immune cells such as macrophages and
neutrophils, which mediated tumor-suppressive effects. Thus,
autophagy is necessary for Salmonella-induced cancer cell death and
immunogenicity.
Keyword : Salmonella, autophagy, immune response
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Characteristics of Plain Spun Silk Mat Using Various Silkworm
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Silk is a popular material in various fields such as clothing material,
household goods, and medical materials. Silkworm is an economically
important insect, being a primary producer of silk. Silkworms generally
have an oval-shaped silk cocoon, but they can artificially cause the
silkworm to build a silk matrix on the plane. The silk matrix is called
a plain spun silk mat, and it can be made freely in size and thickness. In
order to use the silk matrix as a medical material, silk matrix was
fabricated using various silkworm varieties and observed such as
sericin-fibroin content, porosity, tensile strength, molecular weight, and
morphology. The silk protein (sericin and fibroin) structure was analyzed
using a circular dichroic analyzer. We also observed cell proliferation
by culturing cells on a silk matrix.
Keyword : Plain spun, silk mat, silkworm varieties

583

N-25

N-27

Design and Optimizing TaqMan qPCR Method for the Screening
of Human Gut Microbiota
Youngjae Jo, Yeon Gyun Jung, Seung-Dae Choi, Chang Eon Park, Gi-Ung
Kang, Sajjad Ahmad, MinJi Kim, Huy Quang Pham, Jerald Ibal, Dorsaf
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School of Applied Biosciences, College of Agriculture and Life Sciences,
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Healthy gut microbiota are composed mostly of the Bacteroidetes and
Firmicutes. When dysbiosis occurs, Proteobacteria are increased and the
balance between Bacteroidetes and Firmicutes is broken. To solve this
problem, Fecal Microbiota Transplantation (FMT) is used as an
innovative treatment. For successful FMT processing, it is necessary to
analyze the donor’s and patient’s gut microbiota. Next generation
sequencing (NGS) has been used to analyze gut microbiome.
Nevertheless, NGS method is expensive and takes time to get the results
that it is not beneficial in emergency cases. Therefore, a cheaper and faster
detection method is necessary and we set up TaqMan qPCR method to
replace NGS. For this purpose, we designed the best specific probes and
primers by in silico PCR. And adjusted TaqMan qPCR condition
temperature, time, cycle of amplification step and an optimum condition
was established. when the same samples were processed using of NGS
and Taqman qPCR, samples contaminated with Proteobacteria that were
detected by NGS were also found in TaqMan qPCR method.
Furthermore, by confirming the relative abundance between phyla in the
gut microbiota is consistent with the NGS results, we believe this
TaqMan qPCR method could be used instead of NGS providing cheaper
and faster result.
Keyword : Gut Microbiota, next generation sequencing, TaqMan qPCR
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for Chemical Dynamics in Living Cells, Department of Chemistry,
Chung-Ang University, Seoul 06974, Republic of Korea

The Urgency of the multi-drug resistance bacteria has been stated by
many professional organizations, e.g., ‘Drug-resistant bacteria pose
potential catastrophe, CDC warns, 2013’. However, the clear
mechanism for the generation of the drug resistance is elusive and still
there is no trustworthy method for the eradication of the persister
population cells. Recently, one of the examples to kill the persister cell
more effectively has been known as metabolite-enabled eradication
(Nature 473, 216–220 (2011)) for E. Coli and S. aureus. In this study,
we examined S. mutans, the Gram-positive dental pathogen, as a model
organism. Here we propose that the specific wavelengths of lights were
effective factors for the persister cell eradication. We produced the
persister cells by limited treatment of ofloxacin followed by gentamicin
killing. The persister cells showed the tollerence to be killed by
gentamicin antibiotics. When we treated the persister cell with
metabolites such as fructose or glucose, persister cells were eradicated
more effectively about ~100 fold. Intriguingly, when we co-treated the
dormant cell with metabolites in the combination of blue or infrared
lights, the persister cells were eradicated with more efficacy about ~10
fold further. Because S. mutans is known as non-phototropic bacterium,
we speculated that there would be some unidentified light-sensing
system such as light-gated ion channels. This method might be beneficial
in case of the treatments for the dental caries or decay.
Keyword : Drug resistance, persistence, infrared
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Experimental evidence for the replication of CTX-cla phage of classical
biotype strains of Vibrio cholerae O1 serogroup and transduction of El
Tor biotype strains by CTX phages in laboratory conditions have thus
far remained undemonstrated. A plasmid-based CTX phage replication
system that can support the replication of CTX-1, CTX-cla, CTX-2, and
CTX-O139 has been established. The replication of CTX-2 from the
tandem repeat of lysogenic CTX-2 in Wave 2 El Tor strains has also been
presented. El Tor strains can be transduced by CTX phages in vitro by
introducing a point mutation in toxT, the transcription activator of tcp
gene cluster and cholera toxin gene. The same change in toxT also
increases the expression of cholera toxin of El Tor strains in a single phase
culture. The results in this report provide experimental evidence of
genetic mechanism of evolution of V. cholerae. Toxigenic Vibrio
cholerae strains arise upon infection and integration of the lysogenic
cholera toxin phage, the CTX phage, into bacterial chromosomes. The
V. cholerae serogroup O1 strains identified to date can be broadly
categorized into three main groups: the classical biotype strains, which
harbor CTX-cla; the prototype El Tor strains (Wave 1 strains), which
harbor CTX-1; and the atypical El Tor strains, which harbor CTX-2
(Wave 2 strains) or CTX-3~6 (Wave 3 strains). A set of V. cholerae strains
was constructed by the chromosomal integration of CTX phages into
strains that already harbored CTX phages or those that did not harbor
any CTX phage or RS1 element. Strains containing repeats of the same
kind of CTX phage, strains containing the same kind of CTX phage in
each chromosome, strains containing alternative CTX phages in one
chromosome, or containing different CTX phages in each chromosome
have been constructed. Thus, strains with any CTX array can be designed
and constructed. Moreover, the strains described in this study contained
the toxT-139F allele, which enhances the expression of TcpA and cholera
toxin. These characteristics are considered to be important for cholera
vaccine development. Once their capacity to provoke immunity in
human against V. cholerae infection is evaluated, some of the generated
strains could be developed further to yield cholera vaccine strains.
Keyword : Vibrio cholerae, CTX phage
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The Imitative Cultivation of the Human Gut Microbiota in a
Single-Batch

Distribution of Carbapenem-Resistant Enterobacteriaceae (CRE)
in Busan, 2018

Seung-Dae Choi, Yeon Gyun Jung, YoungJae Jo, Chang Eon Park, Hyun
Woo Son, Min Ji Kim, Min-Chul Kim, Jae-Ho Shin*
School of Applied Biosciences, College of Agriculture and Life Sciences,
Kyungpook National University, Daegu 41556, Republic of Korea

Sunhee Park, Inyoung Hwang, Eunhee Park*
Division of Infectious Disease, Busan Metropolitan City Institute of Health
and Environment, Busan 46616, Republic of Korea

Fecal microbiota transplantation (FMT) can be applied to treat
gut-related diseases. A dilemma is that the stool is collected from the
donor whenever needed and difficult storage. Moreover, the
reproducibility of microbial composition from donor stool is challenging
due to various environmental factors. For those reasons, the objectives
of this study were to prove that the gut microbiota could be cultured in
a single batch. The relative abundance, alpha and beta diversities of the
cultured microbiota in both media (BHI and TSB) from different time
points were compared with selected original stool sample (SOS) and
samples from healthy persons (HG). Although Shannon and Simpson's
index (Alpha diversity) showed that the cultured gut microbiota from
12 hours in both media decreased, the cultured gut microbiota in BHI
from 72 hours shows recovery for both indices. On the other hand,
cultured gut microbiota in TSB did not show the recovery of alpha
diversities even when the culture time was extended. Meanwhile, the
PCoA plot produced using the weighted unifrac (Beta diversity) revealed
that the gut microbiota cultured in BHI from different time points except
for 12 hours were found near the cluster of the HG whereas the cultured
gut microbiota in TSB were not.
Keyword : Gut microbiota, imitative cultivation, Single-Batch

Carbapenem-resistant Enterobacteriaceae (CRE) are an important and
increasing threat to global health. Especially, carbapenemase-producing
Enterobacteriaceae (CPE) are bacteria that produce carbapenemase that
inactivate carbapenems and several other classes of antibiotics. And they
can rapidly spread via the genetic mobile elements and cause infetions
that are difficult to treat. For effective infection control, CRE infection
was newly categorized to mandatory surveillance system from sentinel
surveillance system by revision of the law since June 2017 in Korea. In
this study, we investigated the distribution of species, carbapenemase
genotypes and resistance rate of CRE isolated in Busan after the
introduction of mandatory surveillance system. From January to
December 2018, total 1,310 non-duplicated CRE strains were collected
from hospitals in Busan. Distribution of CRE was Klebsiella 66.8%,
Escherichia 18.9%, Enterobacter 8.0%, Citrobacter 4.5%, Serratia
0.7%, and others (Pantoea, Kluyvera, Proteus, Providencia, Lelliotia)
0.7%, respectively. Carbapenem resistance was confirmed by minimal
inhibitory concentration (MIC) to carbapenem agents including
imipenem, ertapenem, doripenem, meropenem. The resistance rates of
carbapenem agents were ertapenem 80.1%, imipenem 57.0%,
meropenem 58.3%, and doripenem 47.7%, respectively. Using
conventional PCR and sequence analysis to detect 6 carbapenemase
genes (KPC, NDM, IMP, OXA-48, VIM, GES), 928 strains were
confirmed as carbapenemase producers. The distribution of
carbapenemase genes were KPC 85.6%, NDM 13.0%, OXA 0.2%,
others 1.1%, respectively. The carbapenemase genotypes were
classified into 17 types, and KPC-2 (80.6%) was the most prevalent type.
Data accumulation and analysis through continuous monitoring is
important for effective control of CRE & CPE infections. And this study
will provide useful information to identify the incidence patterns of CRE.
Keyword : Carbapenem-resistant Enterobacteriaceae (CRE), carbapenemaseproducing Enterobacteriaceae (CPE)
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Characteristics and Prevalence of Pathogenic Bacteria Causing
Acute Diarrheal Disease in Busan from 2014 to 2018

Inhibitory Effects of Lactobacillus plantarum LM1001 on
Particulate Matter-Induced Liver Injury

Hyeyoung Park, Sunhee Park, Younghee Kwon, Eunhee Park*
Division of Infectious Disease, Busan Metropolitan City Institute of Health
and Environment, Busan 46616, Republic of Korea

Yongpil Hwang
Department of Pharmaceutical Engineering, International University of
Korea, Jinju 52833, Republic of Korea

The patterns of bacteria that cause diarrhea are gradually changing
according to living environment and climate change. This study was
performed to look into the characteristics of pathogenic bacteria using
National Surveillance Data for diarrhea (EnterNet-Korea) and to provide
basic data for the prevention of diarrheal disease. From 2014 to 2018,
a total of 3,639 stool speciments were collected from acute diarrhea
patients at cooperation hospitals in Busan, of which 700 were identified
pathogenic bacteria that causing acute diarrhea(19.2%). These
pathogens were as follows: Staphylococcus aureus 239 strains (6.6%),
pathogenic E. coli 135 strains (3.7%), Clostridium perfringens 92 strains
(2.5%), Salmonella spp. 90 strains (2.5%), Campylobacter spp. 79
strains (2.2%), Bacillus cereus 53 strains (1.5%), Vibrio
parahaemolyticus 2 strains (0.2%), Shigella spp. 4 strains (0.1%), each
of Listeria monocytogenes and Yersinia enterocolitica 1 strains. The
isolates were highest in summer but slightly different in each species.
In addition, the priorities of isolated pathogens tend to vary slightly each
year.
Keyword : Diarrheal disease, pathogens, EnterNet

Particulate matter (PM), a widespread airborne contaminant, is a
complex mixture of solid and liquid particles suspended in the air. Recent
studies have demonstrated that PM induces oxidative stress and
inflammatory reactions, and may cause certain liver pathogenesis. In the
present work, we investigated the protective effects of Lactobacillus
plantarum LM1001 (LM1001) against PM –induced oxidative stress and
inflammation in HepG2 and Raw264.7 cells. Pretreatment of HepG2
cells with LM1001 significantly reduced PM2.5-induced generation of
ROS, caspase-3 activation, and subsequent cell death. In addition,
LM1001 significantly decreased PM2.5-induced the production of
interleukin-6, interleukin1beta, tumor necrosis factor-alpha Raw264.7
cells. Our in vivo study showed that pretreatment with LM1001 prior
to the administration of PM2.5 significantly and dose-dependently
prevented increases in the serum levels of hepatic enzyme markers
(alanine aminotransferase and aspartate aminotransferase) and reduced
lipid peroxidation in rat liver. The results indicated that LM1001 exerts
antiinflammatory and antioxidant effects in PMexposed HepG2 and
Raw264.7 cells. LM1001 may have potential for preventing PMinduced
oxidative and inflammatory liver injures.
Keyword : Lactobacillus plantarum LM1001, particulate matter,
oxidative stress
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Streptococcus agalactiae (group B Streptococcus), a gram-positive
bacterium that colonize the gastrointestinal tract and vagina is a leading
cause of meningitis and sepsis in neonates and elderl. In S, agalactiae,
the capsular polysaccharides expressed represents a major virulence
factor and antigenically classify themselves into ten serotypes (Ia, Ib,
II -IX). Altough GBS infection is primarily managed with antibiotics,
widespread intra-partum antibiotic prophylaxis is likely to contribute to
the emergence of antibiotic-resistance. In this study, we firstly reported
the new antibiotic-resistance cassette in GBS serotype III which might
be transferred from other gram-positive bacteria, such as Staphylococcus
aureus, Staphyloccus epidermidis. Based on whole-genome sequence
result, we found there is multi-drug resistance gene cluster, which carries
aac, aadE, InuB,IsaE and aac6-aph2 antibiotic resistance genes. Among
300 type III clinical isolates obtained from 2013-2016 in Korea Guro
Hospital, 31 isolates were encoded with this cassette and showed
dramatically enhanced antibiotic resistance against gentamicin,
clindamycin, lincomycin and tobramycin. The MLST results showed
that 72% (n=22) isolates belong to ST19, 22% ST389 (n=7) and 6% (n=2)
to ST529. In summary, we firstly reported here this newly emerging
antibiotic resistance train anf these isolates become a hidden dangerous
prevalent strain.
Keyword : Streptococcus agalactiae, mobile element, antimicrobial
resistance
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Stringent Response Regulates Antibiotic Tolerance by Modulating
Reactive Oxygen Species Production in Vibrio cholerae
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Emergence of Vibrio cholerae strains showing antibiotic resistance is
increasing for unclear mechanisms. Herein, we show that (p)ppGpp, a
stringent response regulator, is deeply involved in regulating antibiotic
tolerance in V. cholerae. N16961, a 7thpandemic strain and its isogenic
ΔrelAΔspoT mutant that overproduces (p)ppGpp, were more resistant
to antibiotic treatments, compared to the (p)ppGpp0 (ΔrelAΔrelVΔ
spoT) and ΔdksA mutants, which cannot produce or utilize (p)ppGpp,
respectively. Additional disruption of acnB gene encoding aconitase B
increased antibiotic tolerance of the (p)ppGpp0 mutant. Expression of
tricaboxylic acid (TCA) cycle genes including acnB was increased in
the (p)ppGpp0, but not in the antibiotic-resistant ΔrelAΔspoT mutant.
Together, these data suggest that (p)ppGpp suppresses the TCA cycle
activity, and it may entail the antibiotic resistance. Importantly, the
(p)ppGpp0 mutant became antibiotic- tolerant, when grown
anaerobically or incubated with an iron chelator. These results suggest
that reactive oxygen species (ROS), whose production is affected by
intracellular iron level, are involved in antibiotic-mediated bacterial
killing. Consistently, ROS production was markedly increased in
antibiotic-susceptible mutants upon tetracycline treatment. Iron(III)
ABC transporter substrate-binding protein(FbpA) was synthesized
10-fold higher in the antibiotic-sensitive (p)ppGpp0 mutant and the
deletion of the fbpA gene restored the viability of the mutant. We also
observed that FbpA production was repressed in the (p)ppGppaccumulated mutant, and this entailed the reduction of intracellular free
iron, the source of ROS-generating Fenton reaction. Overall, we
demonstrated that the suppression of central metabolism and iron uptake
by (p)ppGpp accumulation reduced the oxidative stress following
antibiotic treatment in V. cholerae.
Keyword : Vibrio cholerae, Antibiotic Tolerance, Stringent Response
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γ-PGA/Alum Induces Cross-Protection against Heterologous
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The epidemic and pandemic influenza viruses resultin substantial
morbidity and mortality in humans. Vaccination is the mosteffective way
to prevent influenza virus infection. However, conventionalvaccine has
to be designed annually because hemagglutinin (HA) of
influenzaviruses is variable and constantly mutated. In this study, we
cloned the conservedextracellular domain of matrix (M2e), HA2 and
nucleoprotein (NP), then generatedM2e-HA2-NP fusion protein as a
vaccine antigen and g-PGA/Alum(PA) was used as an adjuvant to
enhance the efficacy of M2e-HA2-NP protein. Inmice challenged with
influenza viruses, fusion protein (15 mg) provided 100%
protectionagainst A/Puerto Rico/8/1934 (H1N1; PR8) or
A/California/04/09 (H1N1; CA04) and80% protection against A/Hong
Kong/1/68 (H3N2; HK/68). In dose-sparing effectexperiments, low
dose (1 or 5 mg) offusion protein with PA provided the same protection
15 mg offusion protein against PR8, CA04 and HK/68. Humoral and
cellular immunityagainst heterologous influenza viruses were
significantly enhanced in micevaccinated with fusion protein mixed
with PA compared with fusion proteinadjuvanted alum. Taken together,
fusion protein adjuvanted with PA may be agood vaccine candidate
showing heterosubtypic cross-reactivity
Keyword : Influenza virus, Fusion protein, Heterosubtypic cross-reactivity
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Vaccination is the most effective strategy to protect against infectious
diseases and adjuvants are proven to be the key component in vaccines
capable of improving antigen-specific immune responses. Current
vaccines, however, still have several limitations such as safety concerns
and low vaccine efficacy. Here, we developed a novel adjuvant by
combining poly-gamma glutamic acid (γ-PGA) with alum that is already
approved for human use worldwide. The efficacy, and underlying
mechanism of the PGA/Alum as an adjuvant were investigated using
ovalbumin (OVA) as a model antigen. The enhanced activation and
antigen processing of dendritic cells (DCs) in vitro and the facilitated
migration of antigen-loaded DCs from the injection sites to draining
lymph nodes were observed in PGA/Alum-OVA administered mice.
PGA/Alum-OVA administered mice showed the robust increase of
antigen-specific humoral and cellular immune responses compared to
mice administered with γ-PGA-OVA or alum-OVA. Finally, the efficacy
of the PGA/Alum as a vaccine adjuvant was evaluated using influenza
vaccine antigen. The PGA/Alum drastically enhanced cross-protective
efficacy of the pandemic H1N1 vaccine against influenza virus infection.
Taken together, PGA/Alum may be a promising adjuvant to improve the
influenza vaccine efficacy.
Keyword : Adjuvant, Vaccine, Influenza virus
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Influenza, a respiratory disease caused by the influenza A viruses, results
in public health threat, especially to immunocompromised elderly.
Although vaccination is an effective strategy for preventing influenza,
the aging-related reduced efficacy of the influenza vaccine remains the
urgent global problem to overcome. Here, we investigate that the use of
a new adjuvant, the complex of poly-γ-glutamic acid and alum
(PGA/Alum), is able to recover the aging-related reduced efficacy of the
influenza vaccine in elderly mice. The immunity of elderly mice showed
the PGA/Alum-induced activation of dendritic cells. Despite of
vaccination with pandemic (pH1N1) influenza vaccine (1 µg/mouse),
all the elderly mice died following pH1N1 viral challenge. In contrast,
vaccinated young mice showed 100% survival. PGA/Alum-adjuvanted
vaccine (1 µg/mouse) induced 100% survival of elderly mice, which is
identical with that of vaccinated young mice. The PGA/Alumadjuvanted elderly mice rapidly facilitated virus clearance following
pH1N1 viral challenge, with increases of hemagglutination-inhibition
titers, serum-neutralization titers, cytotoxic T lymphocyte activity, and
+
generation of multifunctional CD4 T lymphocytes. Conclusively, these
results suggest that the aging-related reduced efficacy of the influenza
vaccine can recover by the use of PGA/Alum, thereby helping protect
elderly from influenza virus infection.
Keyword : Aging, vaccine adjuvant, Influenza virus
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Immunomodulatory Activity of Lactobacillus plantarum LM1004
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Lactic acid bacteria (LAB) in fermented foods have attracted
considerable attention recently as treatment options for immune
diseases, the incidence of which has been increasing worldwide. The
ability of 500 strains of LAB, isolated from kimchi, to induce cytokines
production in peritoneal macrophages was investigated. The objective
of the present study was to investigate the immunomodulatory activity
of heat-treated Lactobacillus plantarum LM1004 (HT-LM1004) in
cyclophosphamide-treated mice. HT-LM1004 induced phagocytic
activity and nitric oxide production in RAW264.7 macrophages and
stimulated the release of tumor necrosis factor (TNF)-α, interferon
(IFN)-γ, interleukin (IL)-2, and IL-12p70. In mice with CTX-induced
immunosuppression, oral HT-LM1004 administration restored thymus
and spleen indices, including spleen weight. Consistent with the in vitro
results, HT-LM1004 increased TNF-α, IFN-γ, IL-2 and IL-12p70 levels
in mice after 14 days of treatment and enhanced the natural killer (NK)
cell activity of splenocytes from mice with CTX-induced
immunosuppression against YAC-1 lymphoma cells. Based on these
findings, orally administered HT-LM1004 may accelerate the recovery
of cyclophosphamide-caused immunosuppression, without evident side
effects, by immunopotentiating NK cells, and may provide a mechanistic
basis for using HT-LM1004 as an alternative means in lessening
chemotherapy induced immunosuppression in cancer patients.
Keyword : Heat-treated Lactobacillus plantarum LM1004, Immunomodulatory,
Cyclophosphamide
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Antimicrobial Effect of Water Extract of Acer tegmentosum against
Cariogenic Bacteria

GM-CSF Gene Delivery into Cancer Cells Using Targeted
Bacteriophage Induced Anti-Cancer Effect

Yongpil Hwang
Department of Pharmaceutical Engineering, International University of
Korea, Jinju 52833, Republic of Korea

Yoonjung Hwang, Heejoon Myung
Department of Bioscience and Biotechnology, Hankuk University of Foreign
Studies, Yong-In, Gyung-gi Do 17035, Republic of Korea

Acer tegmentosum Maxim trees has been used in Korean folk and
traditional medicine to treat abscesses, surgical bleeding, liver diseases,
and atopic dermatitis. This study aimed to evaluate the anticariogenic
activity of water extract of Acer tegmentosum (WEAT) on Streptococcus
mutans (S. mutans), which is one of the most important bacterial causes
of dental caries and dental biofilm formation. The antimicrobial
activities of this extracts were investigated against S. mutans by the disc
diffusion method, minimum inhibitory concentration (MIC), minimum
bactericidal concentration (MBC), acid production, and growth
inhibition. WEAT formed an antimicrobial activity of 15.36 ±10.85 mm
in growth inhibition against S. mutans bacteria. WEAT exhibited
concentration dependent inhibition of bacterial growth over 0.02μg/mL,
with 99% inhibition at a concentration of 0.2μg/ml. The acid production
was also significantly inhibited at the concentration greater than
0.02mg/ml. The MIC and MBC values of WEAT against S. mutans were
60mg/ml and 100mg/ml. The data indicate that WEAT exhibited the
antibacterial activity against oral pathogens. Thus, WEAT may be
considered as a natural antibacterial agent for treatment of dental
diseases.
*Acknowledgment: This work was supported by project for
‘Customized technology partner’ funded Korea Ministry of SMEs and
Startups in 2018 (project No.C0664505).
Keyword : Acer tegmentosum, anticariogenic activity, Streptococcus
mutans

Bacteriophages are considered as genetically optimized vectors for
therapeutic gene delivery because of easy manipulation, low cost, safety,
and physical stability.Phages can be engineered to display peptides
targeting specific cancer cells. We wanted to see whether targeted phage
can act as a vector for therapeutic gene delivery into specific cancer cells.
In this experiment, bacteriophage T7 was engineered to display target
specific peptides (pep42) against mouse melanoma cell line B16-F10.
Mice were grafted intraperitoneally with B16-F10 cells, and tumor mass
was allowed to grow for 6 days. Then recombinant phage containing a
mammalian expression cassette encoding Granulocyte-macrophage
colony-stimulating factor (GM-CSF) was injected intravenously. Mice
grafted with B16-F10 showed a 55% reduction compared to control in
tumor mass when treated with recombinant phages for 10 days.
Cytokines IL1-a and TNF-a increased significantly in mice treated with
phages. Infiltration of macrophages, T cells, B cells, NK cells, and
dendritic cells into tumor mass was observed from immunohistochemistry.
This study suggests that phages can be used for oncolytic purposes by
activating anti-cancer immunity.
Keyword : GM-CSF, Bacteriophage, Cancer

*

N-40

N-41

Performance Test for the Prepared STD/HPV Specimen Collection
and Preservation Media Using Neisseria gonorrhoeae, Candida
albicans and Gardnerella vaginalis
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Hae-Won Jung , Yong-Jig Cho , Ki Tae Kim
1
R&D Center of Noble Biosciences, Inc., 13-50, Sinbaek-gil, Jeongnam-myeon,
2
Hwaseong-si, Gyeonggi-do 18521 Republic of Korea, WizTul BioLabs,
#H-313 Office of Industry-Academic Cooperation Business Incubator
Center, 270 Gyeonggigwagidae-ro, Siheung-si, Gyeonggi-do 15073 Republic
of Korea

Sexually transmitted diseases(STDs) are an important health priority
and what may often be overlooked is the substantial morbidity and
mortality related to sequelae of STDs. According to a Centers for Disease
Control and Prevention(CDC) report, gonorrhoeae infections have also
increased 33.4% to 141.8 cases per 100,000 females in recent years.
Surveillance data consistently show that numbers and rates of Chlamydia
and gonorrhoeae cases are highest in females between the ages of 15 and
24, and certain races are disproportionately impacted. Also, cervical
cancer is the most common human papilloma virus(HPV)-associated
cancer, and some cancers of the vulva, vagina, penis, anus, and
oropharynx are also caused by HPV. STD/HPV specimen transport
media have been prepared in our laboratories to maintain viability of
clinically important STD related bacteria and human papilloma virus.
Vaginal swab, cervical swab, urethral swab, rectal swab or throat swab
can be used with this transport medium due to the specific specimen
collection site, followed by culture, rapid antigen testing or molecular
based assay. Performance of STD/HPV transport medium sterilized by
Gamma-Irradiation was evaluated by viability and DNA typing. The test
procedures for quality control are based upon the quality control methods
described in CLSI M40-A2 and others.
Keyword : STD/HPV, Specimen Collection, Preservation

Anti-Bacterial Activity of Lactobacillus casei and Lactobacillus
fermentum as Antibiotic Adjuncts
Hyun Jung Lim, Yae Jin Choi, Min Kyung Kim, Hea-soon Shin*
College of Pharmacy Duksung Women's University, Seoul 01369, Republic
of Korea

The abuse of antibiotics causes antibiotic resistance in many intestinal
pathogens. As this abuse can have adverse effects on the body, harmless
antibacterial adjuncts are becoming popular. It has been found in much
literature that probiotics typically have antibacterial activity. Therefore,
in this study, we examined Lactobacillus casei and Lactobacillus
fermentum belonging to probiotics as harmless antibiotic adjuncts that
increase the antibacterial activity of antibiotics in vitro. The antibiotic
susceptibility of intestinal pathogens was determined on Muller-Hinton
medium using disc diffusion assay. The growth inhibitory effect
produced by the antibacterial activity of the L.casei and L.fermentum on
the intestinal pathogens was tested on Muller-Hinton medium, which is
mixed with cell-free supernatants using disc diffusion assay to determine
its use as a harmless antibacterial adjunct. We also examined
antibacterial activity of lactobacillus itself to intestinal pathogens by
using plate diffusion assay and compared inhibition rings with the
antibiotic disc. The MIC of lactobacillus was measured by culturing in
BHI broth with supernatant and the broth without growth was
re-cultivated on the BHI agar plate to check the MBC. As a result L. casei
and L.fermentum showed remarkable anti-bacterial activity against
intestinal pathogens and we`ve also found that increase of the
lactobacillus supernatant in Muller-Hinton medium raises the effect of
antibiotics. However, since the anti-bacterial activity was lower than
antibiotics, lactobacillus can be determined to be used only as an
antibiotic adjunct.
Keyword : Antibiotic adjuncts, Lactobacillus casei, Lactobacillus
fermentum
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Metabolic Engineering of Type I Methanotrophs for Production of
High Value-Added Products
Ok Kyung Lee, Nguyen Thi Ngoc Diep, Eun Yeol Lee*
Department of Chemical Engineering, Kyung Hee University, Gyeonggi-do
17104, Republic of Korea

Methane is the main component of shale gas and biogas and is a
greenhouse gase (GHG) causing global warming. The bio-conversion
of methane to value-added chemicals provides an attractive opportunity
to decrease GHG emissions and to utilize this abundant and inexpensive
gas as carbon feedstock. A novel type I Methanotroph, Methylomonas
sp. DH-1 is expected as a promising strain for use in industrial
bio-catalytic methane conversion processes. In this study, we
metabolically engineered Methylomonas sp. DH-1 to transform methane
directly to accumulate succinate via reconstruction of metabolic
pathway. Production of succinate has received much attention because
of its top building block chemical, which can be used for agricultural,
food, pharmaceutical, and cosmetic industries. We developed to enable
Methylomonas sp. DH-1 to accumulate succinate as the desired product
by inactivation of succinate dehydrogenase (sdh) and reconstruction of
glyoxylate shunt to redirect the fluxes toward succinate. This is a
meaningful report that produces succinic acid, a commercially
interesting organic acid from methane by metabolic methanotrophins.
Keyword : Methane, methanotroph, high value-added product

O-2
Integrated in-Depth Understanding on Core One-Carbon
Metabolism of Gamma-Proteobacterial Methanotrophs Grown on
Methane and Methanol
Anh Duc Nguyen1, Joon Young Park2, In Yeub Hwang1, Donghyuk Kim2,
Eun Yeol Lee1*
1
Department of Chemical Engineering, Kyung Hee University, Yongin
17104, Republic of Korea, 2School of Energy and Chemical Engineering,
Ulsan National Institute of Science and Technology (UNIST), Ulsan 44919,
Republic of Korea

Methylomicrobium alcaliphilum 20Z is a promising platform strain for
bioconversion of one-carbon (C1) substrates into value-added products.
To carry out robust metabolic engineering with methylotrophic bacteria
and to enable C1 conversion machinery in non-native hosts, an
understanding of central metabolism in methanotrophs under certain
conditions is critical. In this study, a genome-scale integrated approach
was used to provide in-depth knowledge on the metabolic pathways of
M. alcaliphilum 20Z grown on methanol. Our analysis indicated a
rearrangement of core carbon metabolism when the carbon substrates
shift from methane to methanol, where the methanol assimilation
pathway is coupled with the efficient Embden-Meyerhof-Parnas (EMP)
pathway along with the serine cycle. In addition, an incomplete TCA
cycle operates in M. alcaliphilum 20Z on methanol, which might only
supply precursors for de novo synthesis but not reducing powers. Instead,
it appears that the formaldehyde oxidation pathway takes over the role
to carry more flux to supply energy for the whole metabolic system.
Additionally, a comparative transcriptomic analysis in multiple
gamma-proteobacterial methanotrophs also revealed the transcriptional
responses of central metabolism on carbon substrate change. These
findings provided a system-level understanding of carbon metabolism
and new opportunities for future strain design to produce relevant
products from C1 substrates.
Keyword : Gamma-proteobacterial methanotrophs, genome-scale
models, 13C tracer
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Unraveling the Role of the Cka1-Ckb1/2 Protein Complex in the
Pathogenicity of the Human Fungal Meningitis Pathogen
Cryptococcus neoformans
Yeseul Choi, Seong-Ryong Yu, Yong-Sun Bahn*
Department of Biotechnology, College of Life Science and Biotechnology,
Yonsei University, Seoul 03722, Republic of Korea

The opportunistic 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 and play important regulatory roles in cellular mechanisms
and virulence of fungal pathogens. In previous studies, we found Cka1,
a serine/threonine eukaryotic kinase, is involved in regulation of cell
growth, cell cycle, cellular morphology and pathogenicity of C.
neoformans. In this study, we aim to figure out the regulatory mechanism
of Cka1 and its associated protein complex in C. neoformans. We found
one catalytic subunit Cka1 and two regulatory subunits which are Ckb1
and Ckb2 as a putative complex subunit. To confirm the protein
localization and the complex formation of Cka1-Ckb1/2, we constructed
tagged or co-tagged mutants of Cka1-GFP, Ckb1-mCherry and
Ckb2-mCherry and verified their protein localization. We also
constructed single and double knockout mutants of regulatory subunits
to compare the phenotypes with cka1Δ. The regulatory subunits were
involved in antifungal drugs susceptibility, oxidative stress and DNA
damaging responses. Interestingly, when CKA1 was overexpressed in
ckb2Δ ckb1Δ, it restored the sensitive phenotypes of ckb2Δ ckb1Δ. We
also constructed cka1Δ ckb1Δ ckb2Δ triple deletion mutant and it
showed severe growth defect like cka1Δ mutant. As a result, Cka1 plays
major roles and Ckb1/Ckb2 have minor roles in Cka1-Ckb1/2 complex.
This study will provide a comprehensive Cka1 cellular mechanism to
develop an antifungal drug.
Keyword : Human fungal pathogen, kinase, antifungal drug target
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Reassessment of the Status of Streptomyces venezuelae Strains
Harboring Anthelvencin Biosynthetic Gene Cluster

Metabolite Profiling of Korean Soybeans Cultivated in Different
Regions

Namil Lee1, Mira Choi2, Woori Kim1, Kyung-Soon Jang2,3*, Byung-Kwan
Cho1,4,5*
1
Department of Biological Sciences, Korea Advanced Institute of Science
and Technology, Daejeon 34141, Republic of Korea, 2Biomedical Omics
Center, Korea Basic Science Institute, Cheongju 28119, Republic of Korea,
3
Division of Bio-Analytical Science, University of Science and Technology,
Daejeon 34113, Republic of Korea, 4KAIST Institute for the BioCentury,
Korea Advanced Institute of Science and Technology, Daejeon 34141,
Republic of Korea, 5Intelligent Synthetic Biology Center, Daejeon 34141,
Republic of Korea

Jieun Choi1, Eun Mi Lee1, Byeung Kon Shin2, Dong Jin Kang2, Do Yup
Lee1*
1
Department of Bio and Fermentation Convergence Technology, BK21 plus
program, Kookmin University, Seoul 02707, Republic of Korea, 2Experiment
Research Institute of National Agricultural Products Quality Management
Service, Gimcheon 39660, Republic of Korea

Secondary metabolite biosynthetic gene clusters (BGCs), which encode
bioactive compounds such as antibiotics and anti-cancer drugs, in
Streptomyces species are often considered as a clue understanding the
physiology and evolutionary aspect of those bacteria. In this study, we
present highly resolved classification of 25 Streptomyces strains,
representing ten S. venezuelae strains and other 15 species, using a
matrix-assisted laser desorption/ionization time-of-flight (MALDI-TOF)
mass spectrometer and whole-genome mining. Through the
classification, we revealed that distance between S. venezuelae ATCC
14583, 14584 and 14585 strains were phylogenetically close between
themselves, but they were distinct from the type strains of S. venezuelae.
Following genome completion of the three S. venezuelae strains and
whole-genome sequence alignment with nine publicly available genome
sequences of Streptomyces species examined that their phylogenetic
relationships correlate well with the MALDI-MS results. In addition,
secondary metabolite BGC analysis of the genomes revealed that S.
venezuelae ATCC 14583, 14584 and 14585 possess the novel BGC,
producing anthelvencin. Targeted liquid chromatography-mass
spectrometry (LC-MS) analysis provided the evidence for the presence
of anthelvencin A and B in those strains. Our findings in this study
illustrate the importance of accurate bacterial classification and
discovery of novel secondary BGCs for better utilization of
metabolically relevant bacterial species. This work was supported by a
grant from the Novo Nordisk Foundation (grant number
NNF10CC1016517). This research was also supported by the Intelligent
Synthetic Biology Center of the Global Frontier Project (2011-0031957
to
B.-K.C.),
the
Basic
Science
Research
Program
(2018R1A1A3A04079196 to S.C.), the Basic Core Technology
Development Program for the Oceans and the Polar Regions
(2016M1A5A1027458 to B.-K.C.), and Bio & Medical Technology
Development Program (2018079664) through the National Research
Foundation (NRF) funded by the Ministry of Science and ICT.
Keyword : Streptomyces venezuelae, Anthelvencin, classification

Soybeans are the crops enriched with bioactive compounds and essential
metabolites such as carbohydrates, proteins and fatty acids. The
metabolic composition of soybeans is influenced by cultivar and also
environmental factors including climate and soil. Hence, metabolic
examination can be fundamentally important. In current study, we
acquired un-targeted metabolic profiles of soybean seeds by using gas
chromatography time-of-flight mass spectrometry (GC-TOF MS) and
liquid chromatography orbitrap mass spectrometry (LC-Orbitrap MS)
to detect potential biomarkers and capture local specific metabolic
features. Multivariate statistics revealed unique metabolite profiles
according to 7 different domestic regions examined in this study. The
resultant biomarker cluster with 5 metabolites showed the highest level
of discrimination power (AUCs-0.870-1.0). Further we identified
region-specific metabolites based on the PatternHunt module coupled
to chemical enrichment analysis. The further exploration in combination
with other geographic traits (e.g. soil texture and climate data) proposed
potential association to the metabolic characteristics.
Keyword : Metabolomics, Soybeans, Geography-discriminant
metabolic signature
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Sesame seeds are rich with amino acids, fatty acids, carbohydrates, and
hydroxy acids. The metabolic content varies according to environmental
factors and variety as well; hence metabolomic assessment can be used
to comprehensively determined detailed compositional characteristic
consider the multi-factors. Accordingly, we analyzed the metabolic
profiles of sesame grown in 29 Korean domestic regions, 6 Chinese
provinces, and 6 other countries to investigate the potential association
with geographical characteristics. More than 200 metabolites were
profiled using gas-chromatography time-of-flight mass spectrometry
(GC-TOF MS) and liquid-chromatography Orbitrap mass spectrometry
(LC-Orbitrap MS). PLS-DA model revealed the Korean ones were well
discriminated from China ones and other countries’ ones. The
subsequent model with 7 metabolites prioritized by VIP analysis
indicated the highest level of discrimination. The metabolites included
glycerol, D-Raffinose, DL-Carnitine, Histamine, 9-Oxo-10(E),12(E)octadecadienoic acid, Glycerophospho-N-palmitoyl ethanolamine, and
palmitic acid. In addition, we identified country-specific metabolic
abundance (e.g amino acid enrichment in the Korean ones). The result
may be further applied to domestic regional specificity among the sesame
seeds cultivated in Korean.
Keyword : Sesame, primary metabolites, secondary metabolites
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Iron Competition Triggers Antibiotics Biosynthesis in Streptomyces
coelicolor during Co-Culture with Myxococcus xanthus

Genome-Scale Analysis of Syngas Fermenting Acetogenic Bacteria
Reveals the Translational Regulation for Its Autotrophic Growth

Namil Lee1, Jinkyoo Chung1, Suhyung Cho1, Yongjae Lee1, Soonkyu
Hwang1, Kyoung-Soon Jang2,3, Bernhard Palsson4,5,6, Byung-Kwan Cho1,7*
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Advanced Institute of Science and Technology, Daejeon 34141, Republic of
2
Korea, Biomedical Omics Group, Korea Basic Science Institute, Cheongju
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of Science and Technology, Daejeon 34113, Republic of Korea, 4Department
of Bioengineering, University of California San Diego, La Jolla, CA 92093,
USA, 5Department of Pediatrics, University of California San Diego, La
Jolla, CA 92093, USA, 6Novo Nordisk Foundation Center for
Biosustainability, Technical University of Denmark, Lyngby 2800,
Denmark, 7Intelligent Synthetic Biology Center, Daejeon 34141, Republic
of Korea
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Sun Chang Kim1,4,5, Suhyung Cho1,4, Byung-Kwan Cho*1,4,5
1
Department of Biological Sciences, Korea Advanced Institute of Science
and Technology, Daejeon 34141, Republic of Korea, 2Department of
Chemical Engineering, Konkuk University, Seoul 05029, Republic of Korea,
3
Department of Mechanical Engineering, Hanyang University, Seoul
04763, Republic of Korea, 4KAIST Institute for the BioCentury, Korea
Advanced Institute of Science and Technology, Daejeon 34141, Republic of
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The potential of Streptomyces to produce secondary metabolites is
under-utilized, as many of the biosynthetic gene clusters (BGC) that they
harbor are inactive under laboratory conditions. The use of microbial
co-culture to mimic the natural ecological habitat has been suggested
as an approach to activate silent BGCs, even if the mechanisms of
activation during co-culture are largely unknown. Here, we reveal that
iron competition triggers the activation of a BGC in Streptomyces
coelicolor during co-culture with Myxococcus xanthus. During
co-culture, M. xanthus enhanced the production of a siderophore,
myxochelin, and activated its iron acquisition system, leading M.
xanthus to dominate iron scavenging and S. coelicolor to experience
iron-depleted conditions. In response to iron-depletion, but not physical
interaction, S. coelicolor coordinately activated the actinorhodin
biosynthetic pathway and the branched chain amino acid degradation
pathway to provide acetyl-CoA, a key biosynthetic precursor for
actinorhodin synthesis, along with activation of a novel actinorhodin
export system. Further, we found that iron depletion increases the
expression of 21 smBGCs in other Streptomyces species. This study
suggests that availability of key ions awakes specific smBGCs, which
has the potential to enhance biosynthesis of secondary metabolites in
Streptomyces. This work was supported by a grant from the Novo
Nordisk Foundation (grant number NNF10CC1016517). This research
was also supported by the Intelligent Synthetic Biology Center of the
Global Frontier Project (2011-0031957 to B.-K.C.), the Basic Science
Research Program (2018R1A1A3A04079196 to S.C.), the Basic Core
Technology Development Program for the Oceans and the Polar Regions
(2016M1A5A1027458 to B.-K.C.), and Bio & Medical Technology
Development Program (2018079664) through the National Research
Foundation (NRF) funded by the Ministry of Science and ICT.
Keyword : Streptomyces, Transcriptome, CRISPR
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Acetogenic bacteria are naturally capable of autotrophic growth via
unique acetogenesis metabolism. However, despite their biosynthetic
potential for commercial applications, a systemic understanding of the
transcriptional and translational regulation of the acetogenesis remains
unclear. Here, we explored the regulatory logic of acetogenesis in
Eubacterium limosum under autotrophic condition by integrating
transcriptomic and translatomic data. The results indicate that the
majority of genes associated with autotrophic growth were
transcriptionally upregulated. Among them, the translation efficiencies
of genes involved in cellular respiration and electron bifurcation were
highly enhanced. In contrast, the transcriptionally abundant genes
involved in carbonyl branch of the Wood-Ljungdahl pathway, the
ion-translocating complex and ATP synthase complex showed
decreased translation efficiency. These findings illustrated that under
autotrophic growth the strain reallocates protein synthesis, focusing
more on the translation of genes for the generation of reduced electron
carriers via electron bifurcation, rather than on those for carbon
metabolism under autotrophic growth. This work was supported by the
Intelligent Synthetic Biology Center of the Global Frontier Project
(NRF-2011-0031957 to B.-K.C., NRF-2017R1A2B3011676 to J.-K.L.,
NRF-2012M3A6A8054889 to D.R.K.) and the C1 Gas Refinery
Program (2018M3D3A1A01055733 to B.-K.C.) through the National
Research Foundation of Korea (NRF) funded by the Ministry of Science
and ICT.
Keyword : Regulation, Multi-omics, CO2 fixing pathway
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Functional Cooperation of the Glycine Synthase-Reductase and WoodLjungdahl Pathways for Autotrophic Growth of Clostridium drakei

The Transcription Unit Architecture of Streptomyces avermitilis
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Republic of Korea, 4Department of Mechanical Engineering, Hanyang
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The Wood-Ljungdahl pathway in acetogens converts C1 compounds,
such as CO2 and CO, into acetyl-CoA. Similarly, the glycine synthase
pathway assimilates C1 compounds into glycine. Partial glycine
synthase genes are widely conserved in the Wood-Ljungdahl pathway
gene cluster but functional relationship between the pathways in
autotrophic condition remains unknown. To comprehend, we assembled
Clostridium drakei genome (5.7-Mbp) with intact glycine synthase
pathway and constructed a genome-scale metabolic model, iSL836,
predicting increased metabolic flux rates of the Wood-Ljungdahl
pathway and the glycine synthase-reductase associated reactions under
autotrophic conditions. Along with the observation of significant
transcriptional activation of genes in the pathways, surprisingly,
13
C-labeling experiments and enzyme activity assays confirmed the
strain synthesizes glycine and converts into acetyl-phosphate. This study
suggests the Wood-Ljungdahl and the glycine synthase-reductase
pathways convert CO2 into acetyl-CoA and acetyl-phosphate,
respectively. In our knowledge, this is the first report on co-utilization
of the pathways under autotrophic growth in acetogen. This work was
supported by the Intelligent Synthetic Biology Center of the Global
Frontier Project (NRF-2011-0031957 to B.-K.C., NRF-2017R1A2
B3011676 to J.-K.L., NRF-2012M3A6A8054889 to D.R.K.) and the C1
Gas Refinery Program (2018M3D3A1A01055733 to B.-K.C.) through
the National Research Foundation of Korea (NRF) funded by the
Ministry of Science and ICT.
Keyword : CO2 fixation pathway, Acetogen, Genome-scale metabolic
network

The gram-positive bacterium, Streptomyces avermitilis, holds industrial
importance as the producer of avermectin, a widely used anthelmintic
agent. Despite its industrial importance, S. avermitilis’ genome
organization and regulation of gene expression remain poorly
understood. Here, we determined 1601 transcription units (TU) encoded
in its GC-rich genome using an integrated analysis of multiple
high-throughput data types, including dRNA-Seq, Term-Seq,
RNA-Seq, and Ribo-Seq. Cataloguing the TUs and analysis of these
information-rich data sets revealed the presence of diverse regulatory
elements for transcriptional and translational control of individual TUs,
such as promoters, 5'-UTRs, terminators, 3'-UTRs, and riboswitches.
The conserved promoter motifs were identified from 2361 transcription
start sites as 5'-TANNNT and 5'-TGAC for the -10 and -35 elements,
respectively. The -35 element and spacer lengths between -10 and -35
elements were critical for transcriptional regulation of functionally
distinct genes, suggesting the involvement of unique sigma factors.
Analysis of the 3'-end of RNA transcript revealed that stem structure
formation is a major determinant for transcription termination of most
TUs (>76%). The TU architecture suggests the presence of novel small
RNAs and cis-regulatory elements in the genome. Our findings will
elevate S. avermitilis’ potential as a production host for a diverse set of
secondary metabolites. This work was supported by the Novo Nordisk
Foundation (NNF10CC1016517). This work was also supported by the
Intelligent Synthetic Biology Center of Global Frontier Project
(2011-0031957) and the Bio & Medical Technology Development
Program (2018M3A9F3079664) through the National Research
Foundation of Korea (NRF) funded by the Ministry of Science and ICT
(MSIT).
Keyword : Streptomyces, Transcription, Transcription unit
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Crosstalk among Hog1, Mpk1 and Cpk1 MAPK Pathways
Regulates the Cell Wall Integrity in Cryptococcus neoformans

VosA Plays a Key Role in Ascospore Formation in Aspergillus
nidulans
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Cryptococcus neoformans causes meningoencephalitis regardless of
immune system disruption and is responsible for approximately 600,000
deaths annually. Mitogen-activated protein kinases (MAPK), the pivotal
kinases of eukaryotes, play major roles in proliferation, differentiation,
metabolism, stress response and survival. There are three major MAPK
pathways including Hog1, Mpk1 and Cpk1 pathways in C. neoformans.
Even though the study of individual MAPK pathways have progressed
extensively, the research concerning the crosstalk between different
MAPK pathways have yet to be elucidated. In this study, we aim to
understand the crosstalk among three major MAPKs and the key
regulatory subunits to explain the complex signals regulating the
virulence of C. neoformans. We verified characterizing how Hog1,
Mpk1, and Cpk1 MAPK crosstalk regulate the downstream signaling
factors, and we constructed the double and triple MAPK deletion mutants
(mpk1Δ hog1Δ, cpk1Δ hog1Δ, mpk1Δ cpk1Δ, mpk1Δ cpk1Δ hog1Δ).
Through phenotypic analysis, we discovered that all three MAPKs have
roles in thermosensitivity, osmotic stress, cell wall and membrane stress,
and heavy metal stress. Specifically, Mpk1 is known to play key roles
in cell wall stress response, and we discovered that Hog1 and Cpk1
cooperatively contribute to cell wall integrity (CWI). To identify the
regulatory mechanism in CWI with the crosstalk of MAPK, we observed
the changes of pMpk1, pHog1 and pCpk1 in all double MAPK mutants
(mpk1Δ hog1Δ, cpk1Δ hog1Δ, mpk1Δ cpk1Δ) under basal and cell wall
disturbing conditions. Also the key negative-feedback regulator Ptp2 not
only dephosphorylates Hog1 under the stress conditions, but also
regulates the phosphorylation level of Mpk1 in response to cell wall
stress. Therefore, we aim to provide insight into the regulation of cell
wall integrity by complex MAPK crosstalk.
Keyword : Cryptococcus neoformans, Mitogen-activated protein kinase
(MAPK), crosstalk
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The velvet proteins are fungi-specific transcription factors and contain
the velvet domain with the NF-kB-like DNA binding motif. Among
them, the VosA acts as a functional unit controlling maturation (trehalose
biogenesis), dormancy and germination of asexual spores (conidia) with
VelB by forming a hetero-complex. While the role of VosA in conidia
was characterized in Aspergillus nidulans, the function of VosA in sexual
spores (ascospores) has not been yet studied. Here, we conducted
genome wide and phenotypic analyses and demonstrated VosA’s
function in ascospores. RNA-seq analysis demonstrated that VosA is
required for mRNA expression of genes associated with secondary
metabolite biosynthetic process, RNA metabolic process, cell wall
integrity, and response to extracellular stimuli. Phenotypic analyses
revealed that VosA is required for the viability of ascospores, trehalose
biogenesis, and stress tolerance of ascospores. These results are
consistent with the result of the VosA in conidia, indicating that the VosA
is a key unit for asexual and sexual spore formation in A. nidulans.
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Peptide Transporter CstA Imports Pyruvate in Escherichia coli K-12
1

1

1,2

1

Soonkyu Hwang , Donghui Choe , Sun Chang Kim , Suhyung Cho ,
Byung-Kwan Cho1,2*
1
Department of Biological Sciences and KAIST Institute for the BioCentury,
Korea Advanced Institute of Science and Technology, Daejeon, 34141,
2
Republic of Korea, Intelligent Synthetic Biology Center, Daejeon, 34141,
Republic of Korea

Pyruvate is an important metabolite as a central node in bacterial
metabolism, and its intracellular level is tightly regulated to maintain
its functional roles in highly interconnected metabolic pathways. We
identified a pyruvate transporter in Escherichia coli using highthroughput transposon sequencing. The transposon mutant library was
serially grown with a toxic pyruvate analog (3-fluoropyruvate, 3FP) to
enrich transposon mutants lacking pyruvate transport function. A total
of 52 candidates were selected based upon the stringent enrichment level
of transposon insertion frequency in response to 3FP treatment. Under
non-induced conditions, single knockout strains of cstA and ybdD
showed the smallest change of specific growth rate between the presence
and absence of 3FP. Also, pyruvate uptake levels of the mutant strains
were significantly reduced. Our results demonstrated that CstA and
YbdD comprise of the constitutive pyruvate transporter system in E. coli,
which is also known as peptide transporter and conserved protein
functionally related to carbon starvation conditions. This pyruvate
transporter system provides valuable genetic information for
understanding the complex process of pyruvate metabolism in E. coli.
This work was supported by the Intelligent Synthetic Biology Center of
the Global Frontier Project (NRF-2011-0031957 to B.-K.C.) and Basic
Science Research Program (2015R1A2A2A01008006 to B.-K.C.,
2015R1C1A2A01053505 to S.C.) through the National Research
Foundation of Korea (NRF) funded by the Ministry of Science, ICT, and
Future Planning. Funding for the open access charge was provided by
the Intelligent Synthetic Biology Center.
Keyword : Pyruvate, transporter, Tn-seq

The Functions of VosA and VelB in Aspergillus oryzae
*

Min-Ju Kim, Su-Yeon Lim, Hee-Soo Park
School of Food Science and Biotechnology, Institute of Agricultural Science
and Technology, Kyungpook National University, Daegu 41566, Republic
of Korea

Fungal development and secondary metabolism are intimately
associated via the activities of fungus specific regulators, called the
Velvet proteins that are highly conserved in filamentous fungi. Here, we
investigated the roles of two velvet genes vosA and velB in Aspergillus
oryzae, a fungus used for fermented foods and industry. To study the
function of the velB and vosA genes, we generated individual deletion
mutants in A. oryzae. The deletion mutant strains were examined for
asexual spore and trehalose synthesis. The deletion of vosA and velB
caused reduced trehalose amounts and increased sensitivity to thermal
stress on conidia. These results are consistent with the current model of
the velvet genes in Aspergillus species, indicating that the VosA and VelB
are necessary for trehalose biosynthesis and stress responses in asexual
spores.
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The velvet Repressed vidA Gene Plays a Key Role in Governing
Development in Aspergillus nidulans
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1*

Min-Ju Kim , Mi-Kyung Lee , Jae-Hyuk Yu , Hee-Soo Park
1
School of Food Science and Biotechnology, Kyungpook National
University, Daegu 41566, Republic of Korea, 2Biological Resource Center
(BRC), Korea Research Institute of Bioscience and Biotechnology (KRIBB),
3
Jeongeup-si, Jeollabuk-do 56212, Republic of Korea, Department of
Bacteriology, University of Wisconsin-Madison, Madison, WI, USA

Poster Session

Fungal growth and development is regulated by a variety of transcription
factors in Aspergillus nidulans. Previous studies demonstrated that the
NF-κB type velvet transcription factors regulate certain target genes that
govern fungal differentiation and cellular metabolism. In this study, we
characterize one of the VosA/VelB-inhibited developmental genes
called vidA, which is predicted to encode a 581-amino acid protein with
a C2H2 zinc finger domain at the C-terminus. Levels of vidA mRNA are
high during the early and middle phases of asexual development and
decrease during the late phase of asexual development and asexual spore
(conidium) formation. Deletion of either vosA or velB results in increased
vidA mRNA accumulation in conidia, suggesting that vidA transcript
accumulation in conidia is repressed by VosA and VelB. Phenotypic
analysis demonstrated that deletion of vidA causes decreased colony
growth, reduced production of asexual spores, and abnormal formation
of sexual fruiting bodies. In addition, the vidA deletion mutant conidia
contain more trehalose and β-glucan than wild type. Overall, these
results suggest that VidA is a putative transcription factor that plays a
key role in governing proper fungal growth, asexual and sexual
development, and conidia formation in A. nidulans.
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Conserved Roles of vidB in Aspergillus species
1

1*

1

The Function of CrzA in Aspergillus flavus
1

2

Ye-Eun Son , He-Jin Cho , In-Hye Park , Min-Ju Kim , Jae-Hyuk Yu ,
Mi-Kyung Lee3, Hee-Soo Park1*
1
School of Food Science and Biotechnology, Institute of Agricultural Science
and Technology, Kyungpook National University, Daegu 41566, Republic
of Korea, 2Departments of Bacteriology and Genetics, University of
Wisconsin, Madison, WI, USA, 3Biological Resource Center (BRC), Korea
Research Institute of Bioscience and Biotechnology (KRIBB), Jeongeup-si,
Jeollabuk-do 56212, Republic of Korea

The filamentous fungus Aspergillus nidulans mainly reproduced by
forming asexual spores called conidia. The formation of conidia, called
conidiation, is governed by the NF-κB type velvet regulators VosA and
VelB. During conidiation, the VosA-VelB hetero-complex regulates the
expression of spore-specific structural and regulatory genes. Previous
our study identified 111 potential genes that are the target of the
VosA-VelB, and then we characterize one of VosA/VelB-inhibited
developmental gene vidB (AN5859), encoding a Zn2Cys6 transcription
factor. In A. nidulans, ∆vidB mutants showed decreased fungal growth,
reduced the amount of cleistothecia production but increased asexual
production. Overexpression of vidB produced more conidia than WT,
suggesting that VidB is required for proper asexual and sexual
development in A. nidulans. In conidia, deletion of vidB exhibited
reduced trehalose amounts, decreased spore viability and increased
thermal sensitivity. Similar to the role of vidB in A. nidulans
development, deletion of the vidB ortholog gene (AFLA_046870) caused
increased conidial production, but decreased sclerotia production in A.
flavus. Overall, these results demonstrate that the roles of VidB are
conserved in Aspergillus spp that VidB is essential for appropriate fungal
growth and balance between asexual and sexual development in
Aspergillus spp.

O-17

The calcineurin pathway is an important signaling pathway for fungal
growth, stress response and pathogenicity in fungi. In this study, we
investigated the function of CrzA, a key transcription factor of the
calcineurin pathway, in an aflatoxin producing fungus Aspergillus
flavus. To investigate the role of the crzA gene, crzA deletion mutant
strains in A. flavus were constructed and their phenotypes including
fungal growth, spore formation and sclerotial formation were examined.
The crzA deficient mutant strains were more susceptible to osmotic
pressure and cell wall stress than the wild type or complemented strains.
In addition, the crzA deletion mutant strain failed to produce aflatoxins.
These results demonstrate that crzA plays an important role in growth,
sporulation, sclerotization, stresses response and aflatoxin production
in A. flavus.
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Rationally Metabolic Engineered E.coli for GABA Production
with Metabolite Profiling and 13C Metabolic Flux Analysis
*

DaeKyun Im, Boncheol Gu, Min-Kyu Oh
Department of Chemical and Biological Engineering, Korea University,
Seoul 02841, Republic of Korea

γ-aminobutyric acid (GABA) is widely used in various fileds from
pharmaceutical industry as an inhibitory neurotransmitter to materials
industry as a monomer for polyamide 4, a biodegradable plastics. Since
natural production of GABA from plants is economically infeasible,
there are many attempts to synthesize GABA using microbes. However,
majority of researches conducted under addition of precursors or
nutritional supplements condition which might increase fermentation
cost. Herein, we demonstrated de-novo synthesis of GABA from glucose
using metabolically engineered E.coli. Knockout of byproduct synthesis
and GABA degradation related genes(sucA, aceA, gabT, puuE) and
overexpression of anaplerotic reaction related, GABA synthesis and
transport related genes(pyc, ppc, gadB, gadC) perturbated central carbon
metabolism and was investigated via metabolite profiling and 13C
metabolic flux analysis (13C MFA) using GC/MS. More than 30
metabolites and 60 central metabolic reactions were successfully
determined and provided valuable information about how central
metabolism adapted introduced genetic manipulations for further
rational metabolic engineering. As a result, our strain could synthesis
over 2 g/L of GABA within 30 h under defined minimal medium without
supplements.
Keyword : GABA, Metabolite Profiling, 13C Metabolic Flux Analysis
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Su-yeon Lim, Min-Ju Kim, Hee-Soo Park
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and Technology, Kyungpook National University, Daegu 41566, Republic
of Korea

Characterization of the Homeobox Genes in Aspergillus nidulans
SungHun Son, He-Jin Cho, Ye-Eun Son, Hee-Soo Park*
School of Food Science and Biotechnology, Institute of Agricultural Science
and Technology, Kyungpook National University, Daegu 41566, Republic
of Korea

The homeodomain-containing transcription factors play an important
role in growth, development, and secondary metabolism in fungi and
other eukaryotes. In this study, we characterized the roles of the
homeobox transcription factors in the model organism Aspergillus
nidulans. We identified 8 homeobox genes in Aspergillus nidulans by
genetic analysis and generated mutants for each gene. The deletion of
AN1217 caused defect growth, conidiation and sexual development.
Absence of AN2020 resulted in less conidiation but more sexual
development. Overall, these results propose that the homeobox genes
have effect in sexual and asexual development in A. nidulans.

O-20

O-21

The Roles of vidC in Fungal Growth and Development in
Aspergillus nidulans

Exploration of Growth Phase Dependent Essential Genes through
CRISPRi Library High-Throughput Sequencing in Escherichia coli

Ye-Eun Son1, Sung-Hun Son1, He-Jin Cho1, Jae-Hyuk Yu2, Mi-Kyung
Lee3, Hee-Soo Park1*
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Research Institute of Bioscience and Biotechnology (KRIBB), Jeongeup-si,
Jeollabuk-do 56212, Republic of Korea

Suhyung Cho1,2, Donghui Choe1, Eunju Lee1, Ji Hyang Wee3, Sang Yong
Kim3, Byung-Kwan Cho1,2*
1
Department of Biological Sciences and KI for the BioCentury, Korea
Advanced Institute of Science and Technology, Daejeon 34141, Republic of
2
Korea, Intelligent Synthetic Biology Center, Daejeon 34141, Republic of
Korea, 3Department of Food Sci. and Tech., Shin Ansan University,
Gyeonggi-do 15435, Republic of Korea

In the model organism Aspergillus nidulans, the VosA-VelB heterocomplex acts as a transcription factor that regulates mRNA expression
of the genes related to sporogenesis. Previous our study identified direct
target genes of VosA-VelB in conidia. In this study, we characterized one
of VosA/VelB-inhibited developmental gene vidC (AN4206). The vidC
gene encodes a DnaJ domain containing protein, an ortholog of
Sacchromyces cerevisiae XDJ1 involved in the DNA damage repair
system. The vidC deletion mutant strains exhibited defect conidiation
and cleistothetia production. The vidC deletion mutant conidia contain
less amount of trehalose compared to wild type. In addition, the vidC
deletion mutant conidia were more sensitive to thermal stress compared
to wild-type conidia. Overall, these results suggest vidC plays crucial
role in fungal growth and development in A. nidulans.

Cells have been adapted to survive according to the given environment
through dynamic genetic modification/mutation, transcription and
translation regulation. They determine continuously the priority of genes
which is required upon the external stresses. Consequently, essential
genes required for surviving can be protected from genetic modification
or mutation, or whose transcription or translation are activated toward
beneficial direction, in reverse, harmful or useless genes become lose
their function or can be deactivated. Since cells require suitable
responses according to various conditions, the hierarchy of the essential
genes can be also altered except core genes. To observe the transition
of the gene essentiality is important for understanding the mechanism
how cells protect and resist themselves from external stresses. Moreover,
determination of the essential gene set in living organisms is a
fundamental framework for understanding of principal genetic
functions in molecular level and designing of a synthetic life along with
various biotechnological applications. Here, we examined the changes
of gene essentiality by growth phases such as colony, exponential, and
saturation as introducing ~42,000 kinds of CRISPRi library into E. coli
with 100 bp resolution and depth of 0.5 x 107 in genome-wide scale. The
gene essentiality in core proteins such as transcription and translation
was sustained in all phases and the core enzyme expressed high
essentiality in the essential central metabolic pathway such as glycolysis,
TCA cycle, and pentose phosphate pathway. However, in colony phase,
the proteins such as lipopolysaccharide, peptidoglycan biosynthesis,
biofilm, and adhesion proteins showed higher essentiality than in liquid
cultured cells, suggesting to be required for growth in solid media. Our
exploration of gene essentiality by CRISPRi library introduction, will
enable to support valuable information to interpret the gene function
according to the various environmental conditions. [Supported by the
Basic Science Research Program (2018R1A1A3A04079196) through
the National Research Foundation of Korea (NRF) funded by the
Ministry of Science, ICT, and Future Planning (MISP).)]
Keyword : CRISPRi, Essential gene, NGS sequencing
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Transcriptome Analysis of Alexandrium tamarense and the
Algicidal Bacteria Pseudoruegeria sabulilitoris

Systematic Integration of Meta-Structural Data Reveals the Diverse
Regulatory Features in Streptomyces venezuelae ATCC 15439

SangHyeok Cho1, Yujin Jeong1, HyeonSeok Shin1, Eunju Lee1, So-Ra Ko2,
Chi-Yong Ahn2, Hee-Mock Oh2, Byung-Kwan Cho1,3*, Suhyung Cho1
1
Department of Biological Sciences and KAIST Institutes for the BioCentury,
KAIST, Daejeon 34141, Republic of Korea, 2Biological Resource Center,
Korea Research Institute of Bioscience and Biotechnology, Daejeon 34141,
Republic of Korea, 3Intelligent Synthetic Biology Center, Daejeon 34141,
Republic of Korea

Soonkyu Hwang1, Yujin Jeong1, Yongjae Lee1, Namil Lee1, Woori Kim1,
Suhyung Cho1, Sun Chang Kim1,5, Bernhard Palsson2,3,4, Byung-Kwan
1,5*
Cho
1
Department of Biological Sciences and KAIST Institutes for the BioCentury,
KAIST, Daejeon 34141, Republic of Korea, 2Department of Bioengineering,
University of California San Diego, La Jolla, CA 92093, USA, 3Department
of Pediatrics, University of California San Diego, La Jolla, CA 92093, USA,
4
Novo Nordisk Foundation Center for Biosustainability, Technical
University of Denmark, Lyngby 2800, Denmark, 5Intelligent Synthetic
Biology Center, Daejeon 34141, Republic of Korea

Alexandrium tamarense is one of eukaryotic marine dinoflagellates that
causes harmful algal blooms (HABs) in ocean and damages marine
industries. A. tamarense produce toxins which affect many organisms
including fish and shellfish, as well as other mammals through the food
chain. In previous study, we screened Pseudoruegeria sabulilitoris from
South Sea of Korea which has algicidal effect on A. tamarense. To
understand the underlying mechanism behind the algicidal effect, we
analyzed the transcriptomic changes of A. tamarense and the algicidal
bacteria during co-culture using RNA-seq technique. By analyzing
transcription levels during time-series, which were 0h, 2h, 6h, and 12h
after co-culture, we observed that the genes encoding core proteins of
photosystems in A. tamarense were down-regulated from 2h. Whereas,
the genes related to energy production, several secondary metabolite
production, and transport systems of P. sabulilitoris were up-regulated
at 12h. The genome-wide analysis of massive RNA-seq data generated
from harmful algae and its algicidal bacteria may suggest a clue to solve
the HAB problem.This work was supported by the Basic Core Technology
Development Program for the Oceans and the Polar Regions
(NRF-2016M1A5A1027455) through the National Research
Foundation of Korea (NRF) funded by the Ministry of Science and ICT
(MSIT).
Keyword : Harmful algae, Alexandrium tamarense, Algicidal bacteria
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Korea, 2Intelligent Synthetic Biology Center, Daejeon 34141, Republic of
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Acetogens synthesize acetyl-CoA via CO2 or CO fixation, producing
organic compounds. Despite ecological and industrial importance, their
transcriptional and post-transcriptional regulation has not been
systematically studied. With completion of the genome sequence
(4.28-Mb), we measured changes in the transcriptome of psychrotolerant
acetogen Acetobacterium bakii in response to autotrophic and cold
growth conditions. Unexpectedly, acetogenesis genes were highly
upregulated under heterotrophic growth at low temperature. Primary
transcriptome, hinted at by post-transcriptional regulation via changes
in RNA secondary structures of 5’-untranslated regions (5’-UTR), was
experimentally determined, and 1,379 transcription start sites (TSS) and
1,100 5’-UTR were found. Interestingly, acetogenesis genes contain
longer 5’-UTR lengths with lower RNA-folding free energy than other
genes, revealing that their conditional premature transcription
termination is inhibited by the concealment of poly-U tract under low
temperature growth condition. Our findings suggest that posttranscriptional regulation via RNA conformational change is necessary
for cold-adaptive acetogenesis. This work was supported by the
Intelligent Synthetic Biology Center of Global Frontier Project
(2011-0031957) and C1 Gas Refinery Program (2015M3D3A1A
01064882) of the National Research Foundation of Korea (NRF), funded
by the Ministry of Science and ICT (MSIT).
Keyword : Acetobacterium bakii, Acetogen, Post-transcriptional
regulation
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Streptomyces are considered as valuable engineering targets for
enhancing various antibiotics production. However, Streptomyces have
complex developmental and genomic features, which constrain the
detection of the genome structural and regulatory information that are
required for engineering. Here we apply five next-generation sequencing
techniques to a platform strain for antibiotics production, Streptomyces
venezuelae ATCC 15439, to better understand the genomic traits.
Conflicts in current genome sequence and gene annotation are found and
corrected to obtain precise information for further analysis. Also, we
identify 2,241 transcription start sites (TSSs) and 1,519 transcript end
positions (TEPs), and annotate 1,284 transcription units. These allow us
to observe transcriptional regulatory features such as conserved motifs
around the TSSs and the usage of different types of transcription
terminators. Moreover, 105 premature TEPs are identified in 5’
untranslated region, which is known to control both transcription and
translation levels of gene. We observe that the premature TEPs are
belonged most to transcription- or translation-involved genes,
confirming they mainly control the primary metabolism. The
comprehensive analyses will provide important information for
applying engineering technique to this valuable species.This work was
supported by the Novo Nordisk Foundation (NNF10CC1016517), and
the Bio & Medical Technology Development Program (NRF-2018
M3A9F3079664) and the Basic Core Technology Development
Program for the Oceans and the Polar Regions (NRF-2016
M1A5A1027458) through the National Research Foundation of Korea
(NRF) funded by the Ministry of Science and ICT (MSIT).
Keyword : Streptomyces, Multi-omics
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Genomic Analysis of Salmonella enterica serovar Virchow
FORC_080 Isolated from Human Stool in South Korea
Duhyun Ko, Han Hyeok Im, HyeLim Choi, Bo Kyoung Hwang, Sang Ho
Choi*
Department of Agricultural Biotechnology, Center for Food Safety and
Toxicology, Seoul National University, Seoul 08826, Republic of Korea

Salmonella enterica serovar Virchow is a foodborne pathogen which
invades host epithelial cells and causes non-typhoidal salmonellosis
such as diarrhea and nausea. S. Virchow FORC_080 was isolated from
human stool in South Korea and analyzed at the genomic level to
understand its pathogenesis. The genome of the FORC_080 contains
virulence genes within Salmonella pathogenicity islands (SPIs) and also
several genes encoding type III secretion system (T3SS) effectors
important for invasion. As predicted from the genome analysis, the
invasion activity of FORC_080 was comparable to that of S.
Typhimurium SL1344, a virulent strain. When compared to the SL1344,
the FORC_080 harbors three additional fimbrial gene clusters which
may account for the higher abilities of the FORC_080 to adhere to the
host epithelial cells and to form biofilm. The FORC_080 also contains
antibiotic resistance genes which are not present in SL1344, which
confers multidrug resistance to the FORC_080. All these results provide
enhanced insight into the pathogenesis of S. Virchow and may be useful
for prevention of foodborne illnesses. This research was supported by
a grant (14162MFDS972, 19162MFDS037) from Ministry of Food and
Drug Safety in 2019.
Keyword : Genomics, Foodborne pathogen, Salmonella enterica
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Genetic Association between the rs12252 SNP of the
Interferon-Induced Transmembrane Protein Gene and Influenza A
Virus Infection in the Korean Population
Yong-Chan Kim, Byung-Hoon Jeong*
Korea Zoonosis Research Institute, Chonbuk National University, Iksan
54531, Republic of Korea

Genetic association between the rs12252 SNP of the Interferon-Induced
transmembrane protein gene and Influenza A Virus Infection in the
Korean population Yong-Chan Kim, Byung-Hoon Jeong Korea
Zoonosis Research Institute, Chonbuk National University, Iksan,
Korea Interferon-induced transmembrane protein 3 (IFITM3) is a potent
host antiviral effector protein that blocks the invasion of various viruses,
including the influenza A virus (IAV). The C allele of the rs12252 single
nucleotide polymorphism (SNP) shows vulnerability to the pandemic
2009 H1N1 IAV in European and Asian populations. Here, we estimated
the disease susceptibility of the rs12252 SNP with the pandemic 2009
H1N1 IAV infection in the Korean population. We carried out direct
sequencing of the IFITM3 gene and compared the genotype and allele
frequencies of the rs12252 SNP of the IFITM3 gene in healthy Koreans
and pandemic 2009 H1N1 IAV-infected patients. Notably, we observed
that healthy individuals had a similar genotype distribution of the
rs12252 SNP (P = 0.140) as patients. The dominant model and recessive
model did not find a statistically significant difference in genotype
distribution between healthy individuals and patients. In addition, the
allele distribution of the rs12252 SNP of in healthy individuals and
patients also showed a similar genetic distribution (P = 0.757). Although
the rs12252 SNP was a potent susceptible factor in various ethnic groups,
the rs12252 SNP was not a susceptible factor in the Korean population.
Keyword : IFITM3, H1N1, Polymorphism
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Comparative Metabolomics Analysis of Ruminal Fluid with
Different Stages in Steers Using Liquid Chromatography Mass
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No polymorphisms in the coding region of the prion-like protein gene
(PRND) in horses Min-Ju Jeong, Byung-Hoon Jeong* Korea Zoonosis
Research Institute, Chonbuk National University, Iksan, Korea Prion
diseases are fatal neurodegenerative diseases characterized by the
accumulation of an abnormal prion protein isoform, which is converted
from the normal prion protein (PrP). Prion diseases have been reported
in an extensive number of species but not in horses up to now; therefore,
horses are known as resistant species to prion diseases. The prion-like
protein gene (PRND) is closely located downstream of the prion protein
gene (PRNP) and the prion-like protein (Doppel) is a homolog with PrP.
Previous studies have shown that the association between prion diseases
and polymorphisms of the PRND gene is reported in main hosts of prion
diseases, including in humans, cattle, and sheep, and that polymorphisms
of the PRND gene are related to the reproductive ability in males. Hence,
we examined the genetic variations of the PRND gene in 242
Thoroughbred horses using automatic direct sequencing. Interestingly,
polymorphisms within the open reading frame (ORF) of the PRND gene
were not detected in large Thoroughbred horses. In addition, we
conducted a comparative analysis of the amino acid sequences of the
PRND gene to identify the differences between horses and other species
using ClustalW2. The amino acid sequence of the PRND gene of horses
showed the highest identity to that of sheep (83.7%), followed by that
of goats (83.1%), cattle (82.6%) and humans (75.3%). To the best of our
knowledge, this study is the first genetic study of the PRND gene in
horses.
Keyword : PRND, Horse, polymorphism
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The rumen metabolites are an important for growing and fattening stages
in ruminants. This study was conducted to identify the bovine ruminal
fluid metabolome between growing to fattening stage. Rumen fluid was
collected from the 20 steers between growing and fattening stages.
Metabolome analysis showed that 45 metabolites were identified by
liquid chromatography mass spectrometry. The metabolic profiles of
ruminal fluid were clearly separated based on partial least square
discriminant analysis. Five metabolites, alanine, histidine, choline,
glutamine, and carnitine, based on variable importance in the projection
plot were identified and showed high sensitivity as candidate biomarkers
at late fattening stage (FDR < 0.05, P < 0.05). Three metabolic pathways,
such as alanine metabolism, histidine metabolism, arginine and purine
metabolism were enriched with the different stages. The differently
expressed metabolites and their related metabolic pathways may
contribute to the potential biomarkers for different feeding stages. In
conclusion, our findings suggest that the metabolomics approach could
be a powerful method for the detection of biomarkers underlying the
fattening stages in cattle.
Keyword : Cattle, metabolomics, rumen
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Distributional Analysis of Scrapie Susceptibility-Associated Indel
Polymorphism of Shadow of Prion Protein Gene (SPRN) in
Korean Native Black Goats

The First Report of Polymorphisms and Genetic Features of the
Prion-Like Protein Gene (PRND) in a Prion Disease-Resistant
Animal, Dog

Seon-Kwan Kim, Byung-Hoon Jeong*
Korea Zoonosis Research Institute, Chonbuk National University, Iksan,
Jeonbuk 54531, Republic of Korea

Sae-Young Won, Byung-Hoon Jeong*
Korea Zoonosis Research Institute, Chonbuk National University, Iksan
54531, Republic of Korea

Distributional analysis of scrapie susceptibility-associated indel
polymorphism of shadow of prion protein gene (SPRN) in Korean native
black goats Seon-Kwan Kim, Byung-Hoon Jeong Korea Zoonosis
Research Institute, Chonbuk National University, Iksan, Jeonbuk 54531
The prion diseases in sheep and goats is called scrapie, belonging to group
of transmissible spongiform encephalopathies (TSEs) and caused by
abnormal misfolding of prion protein which is encoded by prion protein
gene (PRNP). The shadow of prion protein gene (SPRN) gene is the only
prion gene family member that shows similar protein expression profile
with PRNP gene in central nervous system. The genetic susceptibility
of this gene has been reported in variant Creutzfeldt–Jakob disease and
scrapie. However, there was no study in SPRN gene in Korean native
black goats. Here, we investigated genotype and allele frequencies of
SPRN gene polymorphisms in 213 Korean native black goats and
compared with those of scrapie-affected animals in previous studies. We
found total 6 polymorphisms including 1 non-synonymous single
nucleotide polymorphism (SNP) and 1 synonymous SNPs in open
reading frame (ORF) region, 3 SNPs and 1 indel polymorphism
(c.495_496insCTCCC) in the 3’UTR by direct DNA sequencing. A
significant difference of c.495_496insCTCCC indel polymorphism
allele frequencies was found between Italian scrapie-affected goats and
Korean native black goats (P<0.001). Furthermore, a significant
difference of allele frequencies of c.495_496insCTCCC indel
polymorphism was also found between Italian healthy goats and Korean
native black goats (P<0.001). To evaluate the biological impact of novel
non-synonymous SNP, c.416G>A (Arg139Gln), we used PROVEAN
analysis. PROVEAN predicted the SNP as ‘Neutral’ with the score
-0.297. To the best of our knowledge, this was the first genetic study of
SPRN gene in Korean native black goats.
Keyword : SPRN, Goat, Polymorphism

The first report of polymorphisms and genetic features of the prion-like
protein gene (PRND) in a prion disease-resistant animal, dog Sae-Young
*
Won, Byung-Hoon Jeong Korea Zoonosis Research Institute, Chonbuk
National University, Iksan, Korea Prion disease has displayed large
infection host ranges among several species; however, dogs have not
been reported to be infected and are considered prion disease-resistant
animals. Case-controlled studies in several species, including humans
and cattle, indicated a potent association of prion protein gene (PRNP)
polymorphisms in the progression of prion disease. Thus, because of the
proximal location and similar structure of the PRNP gene among the
prion gene family, the prion-like protein gene (PRND) was noted as a
novel candidate gene that contributes to prion disease susceptibility.
Several case-controlled studies have confirmed the relationship of the
PRND gene with prion disease vulnerability, and strong genetic linkage
disequilibrium blocks were identified in prion-susceptible species
between the PRNP and PRND genes. However, to date, polymorphisms
of the dog PRND gene have not been reported, and the genetic linkage
between the PRNP and PRND genes has not been examined thus far.
Here, we first investigated dog PRND polymorphisms in 207 dog DNA
samples using direct DNA sequencing. A total of 4 novel single
nucleotide polymorphisms (SNPs), including 1 nonsynonymous SNP
(c.149G>A, R50H), were identified in this study. We also found two
major haplotypes among the 4 novel SNPs. In addition, we compared
the genotype and allele frequencies of the c.149G>A (R50H) SNP and
found significantly different distributions among 8 dog breeds.
Furthermore, we annotated the c.149G>A (R50H) SNP of the dog PRND
gene using in silico tools, PolyPhen-2, PROVEAN and PANTHER.
Finally, we examined linkage disequilibrium between the PRNP and
PRND genes in dogs. Interestingly, we did not find strong genetic linkage
between these two genes. To the best of our knowledge, this was the first
genetic study of the PRND gene in a prion disease-resistant animal, dog.
Keyword : PRND, Dog, polymorphism
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Genetic Characteristics and Polymorphisms in the Chicken
Interferon-Induced Transmembrane Protein (IFITM3) Gene

Evolution of Escherichia coli for Optimal Growth in a Rich
Medium
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Genetic characteristics and polymorphisms in the chicken interferoninduced transmembrane protein (IFITM3) gene Yong-Chan Kim,
Byung-Hoon Jeong Korea Zoonosis Research Institute, Chonbuk
National University, Iksan, Korea The interferon-induced
transmembrane protein 3 (IFITM3) gene is classified as a small
interferon-stimulated gene and is associated with a broad spectrum of
antiviral functions against several fatal enveloped viruses, including
influenza A viruses (IAVs). The rs12252 single nucleotide
polymorphism (SNP) of the IFITM3 gene in humans was associated with
susceptibility to H1N1 influenza in a 2009 pandemic. In addition,
overexpression of the IFITM3 protein potently inhibits the highly
pathogenic avian influenza H5N1 virus in ducks and chickens. Although
chickens are a major host of influenza viruses, studies on chicken IFITM3
gene are very rare. To investigate the genetic characteristics of the
chicken IFITM3 gene, we performed direct sequencing in 108 Dekalb
White and 32 Ross breeds. We also investigated the genotype and
haplotype frequencies and linkage disequilibrium of the IFITM3 gene
polymorphisms and evaluated whether the non-synonymous SNPs are
deleterious. We found significantly different genotype, allele and
haplotypes frequencies between two chicken breeds. We found that birds
have a long C-terminal domain and inverted topology of the IFITM3
protein compared to mammals. We also identified fourteen genetic
polymorphisms in the chicken IFITM3 gene. L100M and N125H were
predicted as ‘probably damaging’ and L100M can alter the length of its
conserved intracellular loop (CIL). Furthermore, chickens, but not
mammals, contain CpG islands (CGIs) in this promoter region.
Keyword : IFITM3, chicken, Polymorphism

Escherichia coli is the most widely used model organism for scientific
research and a platform cell factory for industrial application because
it grows quickly and is easy to edit the genome. Experimental evolution
is a powerful tool for adapting bacteria to a specific environmental
condition. Bacterial fitness increases along the evolutionary process and
an evolved strain can reproduce better than ancestral strains in the
adapted condition. Previous experimental evolution studies were
limited to minimal media and defined media under stressed conditions,
such as nutrient deficiency, pH, heat, and metabolite stress conditions.
Here, we present a phenotypic and genome sequence alterations after
adaptation of E. coli K-12 W3110 in LB medium. Nine clones were
isolated from three evolved populations. At the physiological level,
evolved strains grew faster than the ancestral strain in LB medium. Also,
almost all evolved strains lost their motility except for one clone. Illumina
HiSeq 2000 was used to identify the genome sequences of ancestral and
evolved strains. In descendant strains, SNPs and Indels were identified
compared with the ancestral strain. Mutated genes were involved in
motility, transcription, metabolism, and DNA repair. Reverse genome
engineering using TM-MAGE technique revealed key mutations
contribute to rapid growth. The results of this study shed light on several
mechanisms that drive the adaptation process in a rich medium.
Keyword : Experimental evolution, Next-generation sequencing, Rich
medium
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and F-Box and WD Repeat Domain-Containing 7
Ji Hoon Jung, Hyemin Lee, Hyo-Jung Lee, Ju-Ha Kim, Deok Yong Sim,
Eunji Im, Jisung Hwang, Ji Eon Park, Woon Yi Park, Sung-Hoon Kim*
College of Korean Medicine, Kyung Hee University, Seoul 02841, Republic
of Korea

Poster Session

To elucidate the underlying oncogenic mechanism of zinc finger protein
746 (ZNF746), current study was conducted in colorectal cancers
(CRCs). Herein, ZNF746 was overexpressed in HCT116, SW620, and
SW480 cells, which was supported by CRC tissue microarray and TCGA
analysis. Also, DNA microarray revealed the differentially expressed
gene profileparticularly related to cell cycle genes and c-Myc in ZNF746
depleted HCT116 cells. Furthermore, ZNF746 enhanced the stability of
c-Myc via their direct binding through nuclear colocalization by
immunoprecipitation and immunofluorescence, while ZNF746 and
c-Myc exist mainly in nucleoplasm. Conversely, ZNF746 depletion
attenuated phosphorylation of c-Myc (S62) and glycogen synthase
kinase 3β (GSK3β) (S9) and also activated p-c-Myc (T58), which was
reversed by GSK3inhibitors such as SB-216763 and Enza. Also, c-Myc
degradation by ZNF746 depletion was blocked by knockdown of
Fbox/WD repeat-containing protein 7 (FBW7) ubiquitin ligase or
proteosomal inhibitor MG132. Additionally, the growth of ZNF746
depleted HCT116 cancer cells was retarded with decreased expression
of ZNF746 and c-Myc. Overall, these findings suggest that ZNF746
promotes CRC progression via c-Myc stability mediated by GSK3 and
FBW7.
Keyword : c-Myc, ZNF746, colorectal cancer
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ETV2 Regulation of miRNA Expression
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Ji Young Chang , William Won Jong Park , Joo Kyung Kim , Changwon
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ETV2 is a transcription factor that directly regulates the expression of
genes, critical for cardiovascular development. Testing and determining
the direct downstream target of ETV2 is crucial in determining the ETV2
function. By performing the next generation sequencing (miRNA
sequencing) in conjunction with a chromatin immunoprecipitation
(ChIP) assay, the Park laboratory revealed micro RNA (miR) AA as a
novel direct downstream of ETV2. In a subsequent analysis, it was found
that the regions of miR-AA determined by the ChIP-sequencing analysis
can respond to ETV2. In previous experiments that the Park laboratory
conducted, we have discovered that only two out of four promoter regions
of the miRNA AA are activated in response ETV2 when luciferase assay
was performed with the clones (Fig. 1). To further the understand
mechanisms by which ETV2 induces the expression of miR-AA, we
sought to perform another luciferase assay that specifically looks at one
region to further determine the binding of miR-AA with ER71 by
mutating putative ER71 binding elements in the region. We found that
the region 2 of miR-AA with mutated ER71 binding elements failed to
respond ER71, suggesting ER71 can directly regulate the expression of
miR-AA. Currently, we are planning to determine whether ER71 directly
bind the defined region of miR-AA in vivo by ChIP-PCR assay.
Keyworkd : ETV2, miRNA, ChIP-sequencing assay
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Dongmin Yang, In-Geol Choi*
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Shotgun metagenomics is a data-driven approach to understand diverse
microbial communities by deep sequencing of all available DNA
fragments in the environmental samples. Thanks to the progress of next
generation sequencing(NGS), shotgun metagenomics becomes
accessible. Once sequence reads are obtained, shotgun metagenome
annotation process can be divided into multiple steps. First, raw reads
are trimmed by quality and assembled for longer contigs, closer to
original genomes. Then, the diverse contigs are binned by using various
criteria such as taxonomic information, statistical properties and contig
coverage. High quality bins are often regarded as metagenome assemble
genome(MAG) and annotated for gene-centric analysis. Here, we
developed Shotgun Metagenomic Analysis Pipeline(SMAP) wrapped
in graphic user interface(GUI), carrying out all process of shotgun
metagenomics, from trimming to binning. SMAP integrates public tools
and in-house algorithm. Especially in the advanced binning step,
in-house algorithm improved the quality of binning by catching more
than 40% of bins than public tools from metagenome data simulated from
10 genomes with 20x coverage. Our algorithm caught all 10 high-quality
bins, whereas existing tools catch 5 or 6 genomes from the simulated data.
Users can start analysis from any step in the procedure, since each step
are working in a standalone module. SMAP will make shotgun
metagenomics easier and contribute to quick understanding of diverse
microbial community.
Keyword : Bioinformatics, Shotgun metagenomics, Microbiome
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Gain of Function is Critical for the Evolution of Diverse
Agar-Degrading Pathways for Metabolic Versatility
*

Duleepa Pathiraja, In-Geol Choi
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Korea University, Seoul 02841, Republic of Korea

Degradation of recalcitrant agar polysaccharides is a multi-step process
restrained by a repertoire of agarolytic enzymes harbored in marine
microorganisms. Members in this repertoire are mostly classified into
exo-acting β-agarase (GH16, GH86, GH118), endo-acting β-agarase
(GH50), α-agarase (GH96), agarolytic β-galactosidase (GH2) and
neoagarobiose hydrolase (GH117). A variety of natural agarolytic
pathways can be combinatorically organized by these enzymes in
microbial genomes during the evolution. To trace the evolution of agar
metabolic pathway, we retrieved 102 agarolytic microbial genomes and
predicted versatile agarolytic pathways. Based on experimentally
verified enzymatic parameters, simple kinetic models were constructed
for all possible theoretical enzyme combinations, capable of
hydrolyzing agar into monosaccharides. These kinetic models were
simulated to determine the feasibility and efficiency of natural agarolytic
pathways. Comparative genome analysis combined with kinetic model
simulation revealed that i) minimum agarolytic pathway can be
composed of β-agarase and NABH and ii) evolution of agarolytic
genomes is facilitated by the gain of function to make more diverse
metabolic pathways. This observation suggests that versatile agarolytic
pathways were emerged to seek for ecological niche to avoid competition
over the same substrate rather than to make a chemically efficient
metabolic pathway.
Keyword : Agar degradation, Gain of function, Metabolic versatility
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Development of Shotgun Metagenome Annotation Pipeline
Integrating Open Source Metagenome Analysis Programs

Biosynthesis of Marine-Derived Natural Product and Production of
New Derivatives
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1
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Eunji Kim , Hea-lyung Shin , Jin A Jung , Hang Soo Cho , Dong-Chan
Oh2*, Yeo Joon Yoon1*
1
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2
Seoul 30760, Republic of Korea, Natural Products Research Institute,
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The novel cyclic depsipeptides were isolated from marine-derived
Streptomyces sp. strain and showed inhibitory effects towards diverse
cancer cells and bacteria as well as antituberculosis activities against
Mycobacterium tuberculosis. The peptides include unusual
non-proteinogenic amino acid units, N-methyl-4-methoxytrytophan
and β-hydroxyphenylalanine, which play essential roles in biological
activities. To investigate the biosynthetic machinery and modifications
of the unusual amino acid moieties, the whole genome sequencing and
the identification of the gene cluster governing the peptides biosynthesis
from Streptomyces sp. strain was carried out in this study. Gene
inactivation and complementation associated with bioinformatics
analysis allowed the functional prediction of modification enzymes as
well as the generation of new and potentially clinically significant
derivatives. Also, site-directed mutagenesis of amino acids in the
binding pocket of adenylation domain in the depsipeptide biosynthesis
resulted in the highly selective production of target compounds.
Keyword : Marine natural product, Biosynthetic gene cluster,
Antituberculosis agent
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Development of a Subunit Vaccine against White Spot Syndrome
Virus Using Homologous Recombination in Microalgae

Genome Sequencing of Penicillium sp. F7 Isolated from Rotten
Onion in Cold Storage

Su-Hyun Kim, Min-Jeong Kim, Ye-Lin Kim, Da-Yea Moon, Aryan
Rahimi-Midani, Najib Abdellaoui, Tae-Jin Choi*
Department of Microbiology, Pukyong National University, Busan 48513,
Republic of Korea

Heejung Cho, Ji Yeon Park, Dong Suk Park*
National Institute of Agricultural Sciences, Rural Development
Administration, Jeonju 54874, Republic of Korea

White Spot Syndrome Virus (WSSV), an enveloped dsDNA virus
belongs to the Nimaviridae, causes a fatal disease called White Spot
Disease (WSD) in shrimp and other crustaceans. The disease can cause
death within 2-7 days with a mortality rate up to 100% and makes huge
economic loses in place throughout the world. WSSV has five major
proteins, three (VP26, VP24, and VP15) are present in the nucleocapsid
and two (VP28 and VP19) reside in the envelope. In this study, we aim
to express the VP28 protein of WSSV, which is the major target for WSSV
vaccine. Microalgae transformation system using electroporation
targets the knock-out of nitrate reductase (NR) gene by homologous
recombination. NR gene by producing nitrate reductase can reduce ClO3
to ClO2 which inhibit wild type microalgae from growing in presence
of ClO3-. Hence, absent of the NR gene in transformed C. vulgaris
PKVL7422 enable to survive in ClO3 presence. Transformants were
selected by spreading the transformed cells on a BG-11 agar plate
containing 200mM ClO3- and 0.5% glucose under dark condition for 2-3
weeks. The transformation has been confirmed 589bp using insert gene
targeting PCR method and insert gene-specific primers and confirmed.
In additionally it will be confirmed SDS-PAGE and Western blot.
Keyword : WSSV, Transformation, Vaccine
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Onion (Allium cepa) is an important vegetable worldwide. In Korea, this
crop is important as a seasoning vegetable, and it is harvested in June
and stored until the following April in cold storage facilities. Stored
onions deteriorate due to physiological and pathological disorders,
resulting in a 15-30% loss by the end of the storage period. In March 2018,
to investigate the causal agent of onion rot, we isolated microorganisms
from rotten onions, which were obtained from a cold storage warehouse
in Yeongam, Jeollanam-do, Republic of Korea. We isolated twenty
bacteria and forty-five fungi on PDA medium. Among them, we
sequenced F7 isolate belonging to Penicillium sp. based on ITS sequence
homology. We used the Pacbio RSII platform with a 20-kb library and
P6-C4 chemistry. We produced 537,978 of long reads and 5,038,336,633
bp of raw data of 150-fold sequencing depth. de novo assembly were
performed using PacBio SMRT Analysis 2.3.0 HGAP.2 software. The
genome of this isolate was assembled to 12 contigs, which of a total size
of 32,751,085 bp, GC content 47.39 %, and contig N50 9,633,751 bp.
The results of gene prediction and annotation were 11,033 of predicted
genes, 78 rRNAs, 286 tRNAs, and 8,724 repeats.
Keyword : Penicillium sp., Onion, Genome
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Genome Sequencing of Botrytis sp. Isolated from Rotten Onion in
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Drug interactions, including drug-drug interactions (DDIs) and
drug-food constituent interactions (DFIs), are one of the major reasons
of adverse drug events (ADEs), for which causing mechanisms are often
not clear. Although relevant computational methods and tools have been
developed, their prediction accuracy and coverage need to further
improve. Here, we report DeepDDI, a computational framework for
predicting drug-drug and drug-food interactions using structural
information of two molecules in pair as input. DeepDDI predicts 86 DDI
types with a mean accuracy of 92.4% using an optimized deep neural
network, and generates human-readable sentences as an output, which
describe changes in pharmacological effects and/or the risk of ADEs as
a result of the interaction between two molecules in pair. DeepDDI was
applied to suggest potential causal mechanisms for the reported ADEs,
and also predict alternative drug candidates for drug pairs having
negative health effects. DeepDDI also predicts DFIs of 3,288,157 drug–
food constituent pairs (2,159 approved drugs and 1,523
well-characterized food constituents). These results suggest that
DeepDDI can be a potentially useful resource for safe drug prescription,
drug development, and dietary suggestions while taking certain drugs.
Keyword : Drug interactions, Adverse drug events, Deep learning
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Onion (Allium cepa L.) is important as a seasoning vegetable in Korea.
Onions are harvested in June, and stored at 4℃ in storage facilities.
Stored onions deteriorated due to physiological and pathological
disorders, resulting in a 15 ~ 30 % loss by the end of the storage period.
We isolated causative organisms from the rotten onions and, among
them, twenty-one isolates were Botrytis sp. based on ITS sequence
homology. Among Botrytis sp. isolates, we sequenced F66-1 isolate to
find a clue to control of this pathogen using Pacbio RSII platform with
a 20-kb library and P6-C4 chemistry. We produced 647,557 of long reads
and 7,302,007,770 bp of raw data of 150-fold sequencing depth. de novo
assembly were performed using PacBio SMRT Analysis 2.3.0 HGAP.2
software. The genome of this isolate was assembled to 19 contigs, which
of a total size of 48,612,466 bp, GC content 40.28 %, and contig N50
3,011,235 bp. The results of gene prediction and annotation were 12,149
of predicted genes, 64 rRNAs, 400 tRNAs, and 30,213 repeats.
Keyword : Botrytis sp., Onion, genome

DeepDDI: A Computational Framework for the Prediction of Drug
Interactions Using Deep Learning
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Identification and Molecular Characterization of Nitrate Reductase
Gene in Chlorella vulgaris PKVL-7422

Expression of IL-8 and IFN-γ as Molecular Adjuvant for Flounder
Oral Vaccines Using Transformed Microalgae

Najib Abdellaoui, Da-Yea Moon, Aryan Rahimi-Midani, Ye-Lin Kim,
Min-Jeong Kim, Su-Hyun Kim, Tae-jin Choi*
Department of Microbiology, Pukyong National University, Busan 48513,
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Da-Yea Moon, Aryan Rahimi-Midani, Ye-Lin Kim, Min-Jeong Kim,
Su-Hyun Kim, Najib Abdellaoui, Tae-jin Choi*
Departmentof Microbiology, Pukyong National University, Busan 48513,
Republic of Korea

Chlorella vulgaris is an important freshwater alga that is widely used
as a food source for humans and animals. Recently, the Chlorella received
considerable attention for its application in aquaculture, production of
biofuels, productions of nutrients, and production of therapeutic
proteins. lately, our lab acquired a new species of Chlorella vulgaris
PKVL7422 characterized by fast growth, ease of culture and possible
culture under dark conditions. However, the genes involved in nitrogen
assimilation still unknown. In this work, we identified the nitrate
reductase gene of C. vulgaris PKVL 7422 using rapid amplification of
cDNA ends and genome walking. The NR gene of C. vulgaris PKVL
7422 is approximately 8kb long and composed of 17 introns and 18 exons
which encodes 877 amino acids. The alignment analysis of nitrate
reductase gene showed that it possesses the five domains and several
invariant residues in plant NRs. These results provide new insight into
the molecular organization of nitrate reductase gene in algae.
Keyword : Chlorella vulgaris, nitrate reductase gene, phylogeny

Interleukin-8 (IL-8) is produced by macrophages to signal other immune
cells and granulocytes into sites of inflammations. Interferon
gamma(IFN-γ) increases the expression of MHC. Expression of IL-8
and IFN-γ in flounder play critical role in acute inflammation which has
been shown to be proper adjuvant for vaccines. In most cases absent of
proper expression system for eukaryotic proteins has led to inefficient
treatment on flounder. Hence, In this study we have hired microalgae
transformation system to express IL-8 and IFN-γ. Microalgae
transformation system is based on knock out of Nitrate Reductase (NR)
gene which help the transformed microalgae to grow in presence of KClO
₃. Both genes were codon optimized and both were introduced to
pBluescript SK(+)vector. 10ng of interest gene were prepared using PCR
method. Gens were transformed into microalgae C.vulgaris PKVL7422
by electroporation and transformed microalgae was grown on BG11
media containing KClO₃ as selective marker. Microalgae were grown
in dark and light condition for two weeks to select the transformedmicroalgae.
Primes based on IL-8 and IFN-γ genes with product size of 309bp and
439 bp were used to confirmed the insertion of the genes. PCR result has
shown both genes are inserted in microalgae which will be used to
produce the IL-8 and IFN- γ. The expression of proteins will beconfirmed
using western blotting method. This study has confirmed that microalgae
can be useful for enhancing flounder vaccine adjuvant.
Keyword : Micoalgae, molecular adjuvant, fish Cytokine
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Genome-scale metabolic model (GEM) is a computational model that
contains information on metabolic genes and their corresponding
gene-protein-reaction (GPR) associations in a specific cell. Since the
initial release of a human GEM for the first time in 2007, human GEMs
have been updated in terms of their GPR associations over the years.
Despite the continued efforts on improving the human GEMs, they still
have rooms for improvement. One such challenge is to further improve
GPR associations of the human GEM so as to systematically incorporate
transcript-level information, such as RNA-Seq data. Another challenge
is to systematically predict multiple reactions that can arise from
alternative splicing of individual metabolic genes. To this end, we
developed Recon 2M.1 that has consistent gene-transcript-proteinreaction associations, and shows biologically reasonable simulation
results. Importantly, the framework was developed, which systematically
generates gene-transcript-protein-reaction associations (GeTPRA). We
demonstrate herein how the GeTPRA framework can be applied to
upgrade a human GEM for various medical applications. Recon 2M
series and the GeTPRA framework can be used as platform technologies
for studying specific human cell’s metabolism and relevant metabolic
diseases.
Keyword : Gene-transcript-protein-reaction associations, human
genome-scale metabolic model, Recon
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Shiga toxin producing E. coli (STEC) is one of the pathogens that cause
diarrhea and uremic syndrome in humans and livestock. Bacteriophages,
natural killers of bacteria, are viruses which replicate in bacteria. Based
on their host specificity, application of bacteriophages have been
suggested as tools to control foodborne STEC. However, temperate
phage, which can transfer harmful genes through horizontal gene
transfer, is actually limited to use in STEC control. Therefore, to control
STEC we isolated lytic phage vB_EcoM-ECP26 from the sewage and
its host spectrum, morphology, complete genomic and phylogenetic
analysis were carried out. ECP26 showed broad host spectrum in
non-O157 STEC as well as O157 STEC compared to other E. coli phages.
The genome of ECP26 consists of 136,993 nucleotides and GC contents
of 43.59%, 214 putative ORFs and 5 tRNAs. Among the predicted ORFs,
only 63 (29.4%) were revealed protein functions and did not detected
the presence of known virulence associated and antibiotic resistance
genes. ECP26 was assigned to the rV5-like virus genus of the Myoviridae
family based on its high similarity not only with V5 but also with the
PDX and FV3 bacteriophages, all of which highly specific to STEC.
Therefore these sequence and characterization data would be useful for
lytic phage studies to control foodborne STEC.
Keyword : Bacteriophage, Genome analysis, rV5-like phage
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The Role of α1A-Adrenergic Receptor on the Cardiac Function in
Pregnancy-Associated Hypertensive Mice

Engineering Architecture of Inducible Promoters for Regulated
and Enhanced Gene Expression in Yarrowia lipolytica
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[Background] We previously generated the pregnancy-associated
hypertensive (PAH) mice, that exhibit similar phenotypes in
Hypertensive disorders of pregnancy (HDP) by activating AT1 signaling
(Takimoto et al, 1996). Moreover, we found that α1A-adrenergic
receptor (α1A-AR) functionally interacts with apelin-receptor, which
has high homology to AT1 receptor, and regulates coronary artery
vasospasm (unpublished). Therefore, we examined the role of α1A-AR
on HDP pathology by using PAH mice. [Methods] To elucidate the
importance of α1A-AR in HDP, we established PAH/α1A-AR-KO mice
by using CRISPR/Cas9 system. Heart rates and systolic blood pressure
were measured by tail-cuff methods during pregnancy. At the day begore
delivery, we measured cardiac function by echocardiography and
harvested a maternal heart. [Results] In PAH/α1A-AR-KO mice, heart
rates were increased, while systolic blood pressure was significantly
attenuated during late pregnancy. Next, the cardiac functions were not
different among them, but the lack of α1A-AR induced cardiac
hypertrophy more severe than that in PAH mice. Finally, we investigated
transcriptomes of these hearts by using RNA sequencing, and identified
32 differentially expressed genes.
Keyword : Pregnancy-associated hypertension, α1A-adrenergic receptor,
RNA sequencing

Among the available eukaryotic expression systems, non-conventional
yeasts are gaining increasing interest as cell factories for the production
of recombinant proteins or biomolecules with biotechnological or
pharmaceutical applications. The yeast Y. lipolytica, one of
non-conventional model yeast, has been used for several industrial
applications such as heterologous protein synthesis, citric acid and
erythritol production. In order to develop Y. lipolytica as an efficient cell
factory, a better understanding and engineering of promoter architecture
are crucial for developing efficient inducible promoters. In this study,
we have focused on inducible promoters from two genes (EYD1 and
EYK1) that involved in the catabolism of erythritol in Y. lipolytica. We
constructed a versatile set of inducible promoters derived from these
promoters (i.e. multiple tandem repeat or reduction of regulatory motif,
hybrid of regulatory motif with other core promoter) with Golden Gate
Assembly. We characterized the strength of these promoters by
analyzing fluorescence of reporter protein (RedStar II) in Y. lipolytica
strains with different genetic backgrounds (i.e. WT and eyk1D). From
this study, we developed hybrid-erythritol-inducible promoters with
variable strength which allow to modulate and to fine-tune gene
expression level. As a proof of concept, the lipase CalB from Candida
antarctica was expressed under inducible promoters in newly
constructed host strain. This new chassy strain (JMY7126) contain
deletions of protease and lipases encoding genes (xpr2D, lip2,7,8D) and
of the EYK1 gene (eyk1D) to used erythritol as free induced. We
demonstrate that engineered promoters pEYK1-3AB and pHU8DYK
yielded to significant higher CalB productivity (2.8 and 2.5-fold,
respectively) as compared to the pTEF promoter. A multi-copy strain
present a 1.6-fold higher lipase productivity (45,125 U/mL) in batch
bioreactor, which represents to date the most efficient process identified
for CalB production in yeast. The efficient erythritol-inducible
promoters and the new chassy strain (JMY7126) developed in this study,
together with the process conditions represent an improved Y. lipolytica
platform for heterologous protein production.
Keyword : Gene expression, Promoter, Lipase
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In this study, we analyzed the osnR gene, which plays a negative
regulatory role in oxidative stress responses in Corynebacterium
glutamicum. Unlike the osnR-deleted strain (ΔosnR), the osnRoverexpressing strain (P180-osnR) showed retarded growth and increased
sensitivity to various oxidants including H2O2. The transcription levels
of the genes, such as sodA, ahpD, trxB, and mtr, which are involved in
the detoxification of reactive oxygen species, were decreased in the
P180-osnR strain. However, the transcription of katA, encoding
H2O2-detoxifying catalase, was unchanged in the strain. In addition, the
transcription of the whcE and whcA genes, which are whiB-like
regulatory genes involved in stress responses, were decreased in the
P180-onsR strain. Furthermore, the transcription levels of s (afactorencoding genes, such as sigB, sigH and sigE, were decreased by 40%
as compared to that of the wild type strain. Further, the stimulation of
sigH transcription by H2O2 was not observed in the P180-osnR strain.
Based on these findings, we propose that the osnR gene plays a global
regulatory role in oxidative stress responses by affecting the
transcription of genes encoding ECF-type sigma factors. [This research
was supported by Basic Science Research Program through the National
Research Foundation of Korea (NRF) funded by the Ministry of
Education (NRF-2016R1D1A3A03916638).]
Keyword : Corynebacterium glutamicum, oxidative stress, sigma factor
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Adaptive Laboratory Evolution Enhances GABA Production by
Escherichia coli W

Serial Adaptation of E. coli on Glycerol and Lactate Reveals
Order-Independent Evolution
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Biodiesel industry has grown steadily over the past decades to replace
fossil fuels; however, a surplus amount of glycerol is produced as a
by-product in the process of biodiesel transesterification. Many efforts
have been made to convert the low-cost glycerol into high-value products
as a carbon source. In this study, E. coli W, one of the fastest growing
E. coli strains, was adaptively evolved using glycerol as a sole carbon
source. Through resequencing of the parental W strain and the evolved
strain CY02, we found dominant point mutations in the glycerol kinase
glpK and a global transcription regulator crp in the evolved strain. The
GlpK mutant utilizes glycerol efficiently through preventing the
allosteric inhibition by fructose 1,6-bisphosphate. The CRP mutant
improves the fitness by reducing carbon wasting. Using two distinct
biochemical and metabolic strategies, the growth rate, maximum cell
density, and GABA production of E. coli W have been increased by 27%,
35%, and 50% in the glycerol medium, respectively. This study provides
an insight of how cells reorganize their metabolic network during an
adaptation to the new environment and how the remodeling can be used
to advance production of high-value products. This work was supported
by the Intelligent Synthetic Biology Center of the Global Frontier Project
(NRF-2011-0031957) and Biomedical Technology Development
Project (NRF-2018M3A9H3024759) through the National Research
Foundation of Korea (NRF) funded by the Ministry of Science, ICT, and
Future Planning (MSIT).
Keyword : E. coli, ALE, GABA
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As a model organism of cyanobacteria, Synechocystis sp. PCC 6803 has
been vastly studied in various aspects, while transcription termination
and translation of Synechocystis have not been investigated. Here, we
elucidate genetic features of transcription terminators and translation
profiles under stress conditions using Term-seq, RNA-seq and Ribo-seq
techniques. Integrative analysis of the omics data revealed 805 transcript
3’ end positions (TEPs). Interestingly, we found TEPs with C-rich motif
at the intragenic regions showing an enrichment of proline-rich amino
acids, which suggests that the ribosome pausing leads to intragenic
transcription termination. Upon investigation of the TEPs in 5’
untranslated regions and condition-dependent transcription termination,
we found that low temperature globally inhibits translation efficiency.
Furthermore, several subunits of cytochrome b6f and ferredoxin
complex were also repressed at the translation level. This comprehensive
analysis provides valuable information for further engineering of
photosynthetic organisms. This work was supported by the Basic Core
Technology Development Program for the Oceans and the Polar Regions
(NRF-2016M1A5A1027458) through the National Research Foundation
of Korea (NRF) funded by the Ministry of Science and ICT (MSIT).
Keyword : Synechocystis, Term-seq, Ribo-seq
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To reveal the genotype-phenotype correlation during evolution, fitness
landscape metaphor was proposed and it represents the fitness dynamics
with corresponding genotypes. Because of epistatic interactions, the first
mutation profile has an important role to determine the future fitness
trajectory in the landscape. However, the effect of epistasis on the
mutation profile in serial adaptation with carbon-shift has not been
studied. Therefore, Escherichia coli was sequentially evolved under
glycerol and lactate in different orders. Each order of serial adaptation
showed different phenotypes and especially hypermutator phenotype
was occurred in the lactate-glycerol order. In spite of the numerous
mutations, there were overlapping mutations in both orders of serial
adaptation. These mutations, including rph, ppsA, ydcI, and glpK,
increased fitness regardless of the order of serial adaptation and their
epistatic interaction was not detected. Finally, we found the carbonspecific mutation profiles and they can explain the order-independent
evolution under carbon-shift condition. This work was supported by the
Intelligent Synthetic Biology Center of Global Frontier Project
(2011-0031957) through the National Research Foundation of Korea
(NRF) funded by the Ministry of Science and ICT (MSIT).
Keyword : Evolution, Adaptive Laboratory Evolution, Systems Biology
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Primary Transcriptome and Translatome Analysis Determines
Transcriptional and Translational Regulatory Elements Encoded in
the Streptomyces clavuligerus Genome
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Determining transcriptional and translational regulatory elements in
GC-rich Streptomyces genomes is essential to elucidating the complex
regulatory networks that govern secondary metabolite biosynthetic gene
cluster (BGC) expression. To obtain the information, a high-quality
genome sequence of β-lactam antibiotic-producing Streptomyces
clavuligerus ATCC 27064 is completed. This provides a fundamental
reference genome sequence to integrate multiple genome-scale data
types, including dRNA-Seq, RNA-Seq, and ribosome profiling. Data
integration results in the precise determination of 2,659 transcription
start sites which reveal transcriptional and translational regulatory
elements, including -10 and -35 promoter components specific to sigma
(s) factors, and 5'-untranslated region as a determinant for translation
efficiency regulation. Particularly, sequence analysis of a wide diversity
of the -35 components enables us to predict potential s-factor regulons.
Lastly, the primary transcriptome landscape of the β-lactam biosynthetic
pathway suggests temporal changes in metabolism for the synthesis of
secondary metabolites driven by transcriptional regulation. This work
was supported by the Novo Nordisk Foundation [NNF10CC1016517 to
B.O.P.], and the Intelligent Synthetic Biology Center of Global Frontier
Project [2011-0031957 to B.-K.C.], and the Bio & Medical Technology
Development Program [2018M3A9F3079664 to B.-K.C.] of the
National Research Foundation (NRF) funded by the Korean government
(MSIT).
Keyword : Streptomyces, TSS, sigma factor

Comparative Genomic Analysis Determines Strain-Dependent
Chloramphenicol Production in Streptomyces venezuelae Strains
WooRi Kim1, Namil Lee1, Soonkyu Hwang1, Yongjae Lee1, Suhyung
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5
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Streptomyces are prolific in their capability to produce various secondary
metabolites, which have pharmaceutical potential. Among the
Streptomyces, Streptomyces venezuelae is widely known as a producer
of chloramphenicol, which has a broad spectrum of antibiotic activity,
and three S. venezuelae strains have been reported to produce
chloramphenicol. Here, to fully harness their biosynthetic potential, we
completed the genome sequences of the type strain ATCC 10712 and two
additional S. venezuelae strains without any sequence gaps. By
comparing the genome sequences, we revealed that genomic distance
between four S. venezuelae strains was very close along with the
conservation of secondary metabolite clusters, but they showed different
production levels of chloramphenicol. This indicates that the
biosynthesis of secondary metabolites is governed by different
regulatory networks and the fine regulatory control is required to achieve
a high production level at strain level. This work was supported by the
Novo Nordisk Foundation (NNF10CC1016517). This work was also
supported by the Intelligent Synthetic Biology Center of Global Frontier
Project (2011-0031957) and the Bio & Medical Technology
Development Program (2018M3A9F3079664) through the National
Research Foundation of Korea (NRF) funded by the Ministry of Science
and ICT (MSIT).
Keyword : Streptomyces venezuelae, complete genome, chloramphenicol
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Development of Versatile Genetic Tools for Engineering
Endoparasitic Fungus
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Nematophagous fungi have drawn attention as potential biocontrol
agents over recent years. They are known as carnivorous fungi which
can attack and digest nematodes in various ways. Although the infection
abilities of endoparasitic fungi had been observed, the underlying
mechanism how they attack pathogenic nematodes has not been fully
understood. The lack of genetic manipulation approaches can be a major
obstacle to study the molecular and cellular mechanisms underlying
fungal parasitism of nematodes. Here, we report a genetic tool for
transforming foreign DNA molecules into endoparasitic fungus via
Agrobacterium tumefaciens-mediated transformation (ATMT) to
understand unique virulent properties of nematophagous fungi. Based
on ATMT, GFP and RFP were successfully expressed under the control
of heterologous GAPDH promoter from C. heterostropus. Furthemore,
we showed the feasibility of targeted gene knockout using ATMT. The
genetic tools developed in this study provide a foundation for
understanding of molecular infection mechanism of fungal parasitism
of nematodes. This work was supported by the Intelligent Synthetic
Biology Center of Global Frontier Project (2011-0031957) through the
National Research Foundation of Korea (NRF), funded by the Ministry
of Science and ICT (MSIT).
Keyword : Fungi transformation, nematophagous fungi
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Streptomyces lividans is an attractive host for production of heterologous
proteins and secondary metabolites of other Streptomyces species. To
fully harness the pharmaceutical potential of S. lividans, understanding
its metabolism and genetic regulatory elements is essential. This study
aimed to determine its transcription unit (TU) architecture and elucidate
its diverse regulatory elements, including promoters, ribosome binding
sites, 5'-untranslated regions, and transcription terminators. Total 1,978
transcription start sites and 1,640 transcript 3'-end positions were
identified, which were integrated to determine 1,300 TUs, consistent
with transcriptomic profiles. The conserved promoter was found as
5'-TANNNT and 5'-TGAC, representing the -10 and -35 elements,
respectively. Analysis of transcript 3'-end positions revealed the
presence of distinctive terminator sequence and the RNA stem structure
responsible for the determination of the 3'-boundary of a transcript.
Functionally related genes are likely to be regulated simultaneously by
using similar promoters and being transcribed as a poly-cistronic TU.
Poly-cistronic TUs were further processed or alternatively transcribed
into multiple TUs to fine-regulate individual genes in response to
environmental conditions. The TU information and regulatory elements
identified will serve as invaluable resources for understanding the
complex regulatory mechanisms of S. lividans and to elevate its
industrial potential. This work was supported by the Novo Nordisk
Foundation (NNF10CC1016517). This work was also supported by the
Intelligent Synthetic Biology Center of Global Frontier Project
(2011-0031957) and the Bio & Medical Technology Development
Program (2018M3A9F3079664) through the National Research
Foundation of Korea (NRF) funded by the Ministry of Science and ICT
(MSIT).
Keyword : Streptomyces, Transcription, Transcription unit
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Ribosome Pausing at AT-Rich Codons Regulates Translation in
Streptomyces tsukubaensis

Inactivation of a Mismatch-Repair System Diversifies Genotypic
Landscape of Escherichia coli during Adaptive Laboratory Evolution
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Streptomyces tsukubaensis NRRL 18488 is one of the preferred strains
for the production of secondary metabolites including the
immunosuppressant agent tacrolimus. To fully exploit its genetic
potential, the systematic understanding of its secondary metabolism and
related regulatory mechanisms is required. Toward this end, we
completed the S. tsukubaensis 7.9 Mb linear genome sequence followed
by integration with multi-omics measurements. Along with accurate
re-annotation of the secondary metabolic gene clusters, a total of 2,389
transcription units were determined via primary transcriptome analysis.
Integrated analysis of transcriptome and translatome data revealed that
secondary metabolic gene clusters, especially the tacrolimus
biosynthetic gene cluster, undergo translational control with decreased
translational efficiency according to growth. Furthermore, we
demonstrated that the endogenous Shine Dalgarno like motif has little
correlation with ribosome pausing, whereas AT-rich codons delay
translational elongation. Strong ribosome pausing was observed at the
rare TTA codon in the tacrolimus biosynthetic gene cluster, indicating
that its biosynthesis is regulated at the translational level. This
comprehensive genome-scale analysis provides insight into secondary
metabolism translational regulation in S. tsukubaensis. This work was
supported by the Novo Nordisk Foundation (NNF10CC1016517). This
work was also supported by the Intelligent Synthetic Biology Center of
the Global Frontier Project (2011-0031957), the Basic Science Research
Program (2018R1A1A3A04079196), the Basic Core Technology
Development Program for the Oceans and the Polar Regions
(2016M1A5A1027458), and Bio & Medical Technology Development
Program (2018M3A9F3079664) through the National Research
Foundation (NRF) funded by the Ministry of Science and ICT (MSIT).
Keyword : Streptomyces, Genome, Translatome

Adaptive laboratory evolution (ALE) is used to find causal mutations
that underlie improved strain performance under the applied selection
pressure. Here, we employed mutS-inactivated cells as an approach to
facilitate ALE. The wild-type E. coli MG1655 and mutS knock-out
derivative (ΔmutS) were evolved in parallel for 800 generations on
lactate and glycerol minimal media in a serial-transfer experiment.
Whole-genome re-sequencing of each lineage at 100-generation
intervals revealed that mutations proliferate rapidly in the mutS- than in
the wild-type; random mutations were heavily accumulated in the mutSstrains; and a significant number of random mutations accumulated in
the ΔmutS strains. We then measured fitness of the end-point populations
on an array of non-adaptive carbon sources. Interestingly, collateral
fitness increases on non-adaptive carbon sources were more pronounced
in the ΔmutS strains than the parental strain. Fitness measurement of
single mutants revealed that the collateral fitness increase seen in the
mutator lineages can be attributed to a pool of random mutations.
Together, this study demonstrates that short-term mutator ALE expands
possible genotype space, resulting in versatile bacteria with an elevated
fitness levels across various carbon sources.
Keyword : Adaptive laboratory evolution (ALE), mutS inactivation,
Fitness landscape
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Bacteroides thetaiotaomicron represents a major symbiont of the human
gut microbiome with huge implications in human health. Despite its
importance, systematic understanding of the transcriptional landscape
of B. thetaiotaomicron remains sparse. Here, we describe the primary
transcriptome landscape of a B. thetaiotaomicron type strain VPI-5482
cultured in four different laboratory-controlled environments. Analysis
of differential RNA-Sequencing (dRNA-Seq) data revealed nearly
3,000 transcription start sites embedded in the genome along with their
principal promoter elements. Furthermore, several hundreds of genes
were found to harbor more than one transcription start sites, indicating
the presence of regulatory functions at transcription level. The gene
expression profiles grossly differed depending on the types of available
nutrients, demonstrating distinct survival strategies in rich and
nutrient-limited conditions. In particular, cells cultured in minimal
medium containing mucin, a source of host-derived glycans, as the sole
carbon supply exhibited significant up-regulation in repertoires of genes
associated with the enzymatic degradation of the carbohydrates of the
glycan-origin. Gene expression analysis paralleled with the availability
of genome-wide transcription start site data enabled a more precise
interpretation of the transcriptional landscape of B. thetaiotaomicron.
These results will help provision resource for the study of the
transcriptomic profiles and in-depth understanding of nutrient-specific
transcriptional regulation in B. thetaiotaomicron. This work was
supported by the Korea Bio Grand Challenge (2018M3A9H3024759)
through the National Research Foundation of Korea (NRF) funded by
the Ministry of Science and ICT (MSIT).
Keyword : dRNA-Seq, Gene Expression, Bacteroides thetaiotaomicron
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Acetogens synthesize acetyl-CoA via CO2 fixation, producing organic
compounds. Despite ecological and industrial importance, their
transcriptional and translational regulation has not been systematically
studied. Here, we report the first systematic analysis of metabolism of
model acetogen Acetobacterium woodii at the transcriptional and
translational level, under heterotrophic and autotrophic conditions.
Interestingly, Wood-Ljungdahl (WL) pathway and energy conservation
system showed increased mRNA levels in the presence of CO2 and H2,
but decreased translation efficiency. In particular, the members of
methyl-branch enzymes are produced at the same synthesis rates, while
the enzymes of the carbonyl branch show one to five ratio for the relative
protein synthesis rates under autotrophic condition. Additional 5'UTR
analysis suggested that the 5'UTR structure and SD sequences regulate
the translational efficiency under autotrophic condition. Our findings
provide potential strategies to optimize the metabolic process of syngas
fermenting for better productivity. This work was supported by the
Intelligent Synthetic Biology Center of Global Frontier Project
(2011-0031957) and C1 Gas Refinery Program (2015M3D3A1A
01064882) of the National Research Foundation of Korea (NRF), funded
by the Ministry of Science and ICT (MSIT).
Keyword : Acetogens, Wood-Ljungdahl pathway, Translational regulation
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Multimerization and Phosphorylation of a Transcription Activator
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Production of exopolysaccharides (EPS), the essential components for
biofilm maturation, is achieved by expressing three EPS clusters by
RpoN and NtrC in Vibrio vulnificus. Expression of the EPS clusters in
ntrC mutant were further induced by dicarboxylic acids, although those
in the rpoN mutant were not affected. This finding led us to propose the
involvement of another RpoN-dependent transcription factor in
inducing the expression of EPS clusters. Under the growth conditions
with dicarboxylic acids, the cellular levels of a dicarboxylate transporter
regulator, DctD was increased. In a dctD mutant, the expression of both
clusters was severely impaired, and the EPS production and biofilm
formation were significantly decreased. Gel-shift assays showed
specific interactions of DctD with the probes including the regulatory
regions of EPS clusters. A phospho-form of DctD exhibited
DNA-binding activity, as shown in the other response regulators
belonged to the AAA-typed transcription factor, of which transcription
activity is known to be acquired via formation of multimers. Therefore,
this study demonstrates that increased phospho-DctD under the
dicarboxylate-rich conditions induces the expression of EPS-clusters to
facilitate biofilm maturation.
Keyword : Exopolysaccharides, Biofilm, Dicarboxylic acids
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Understanding the global metabolic network perturbed significantly by
the supplied carbon sources becomes crucial for systematic optimization
of metabolic engineering of yeast Saccharomyces cerevisiae. Here, we
investigated the effect of carbon sources on the global metabolic network
of yeast via profiling of the intracellular and extracellular metabolites
of S. cerevisiae engineered to catabolize various sugars, especially
including xylose and cellobiose. Unbiased metabolite profiling of
engineered S. cerevisiae elucidated the promiscuous enzymatic
activities of xylose reductase and xylitol dehydrogenase, resulting in the
accumulation of galactitol and tagatose during galactose fermentation.
Moreover, during glucose fermentation, trisaccharide was accumulated
out of the cells probably due to transglycosylation activity of β
-glucosidase expressed for cellobiose catabolism. Meanwhile, higher
accumulation of fatty acids and secondary metabolites was observed
during the xylose and cellobiose fermentations, respectively. Our results
emphasized that the heterologous enzymes functionally expressed in S.
cerevisiae can show the promiscuous activities that lead to low yield and
productivity of the target product. Furthermore, global metabolic
network regulated significantly by the carbon sources resulted in
different patterns of metabolite production. This metabolomic study can
provide useful information for yeast strain improvement and systematic
optimization of yeast metabolism to produce bio-based products.
Keyword : Metabolite profiling, Saccharomyces cerevisiae, promiscuous
activity
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Using proteomic approaches, research into the extensive pathogenicity
of enterohemorrhagic Escherichia coli 0157:H7 was determined. There
has never been a prior inquiry into the possibility of a virulence
mechanism with respect to E. coli 0157:H7 within a host through a
metabolic approach. Time-of-fight mass spectrometry and gas
chromatography were each used to profile the intracellular metabolites
of C. elegans fed with pathogenic E. coli 0157:H7, as well as
non-pathogenic E. coli. A significant increase was observed in the level
of mTOR metabolites signaling pathways, including amino acids and
glucose, in C. elegans which was fed with E. coli 0157:H7. Furthermore,
there was a rise in the lipid oxidation and nucleotide-salvage related
metabolite prevalence. Organic acidurias and atypical hemolytic uremic
syndrome-associated metabolic intermediates also increased when fed
with 0157:H7. Meanwhile, there was a decrease in trehalose levels, an
mTOR-independent autophagy enhancer. The indication of these results
is that 0157:H7 infection has an altering effect on metabolite prevalence
within C. elegans. Therefore, the suggestion can be drawn that
metabolomics may be applicable to the elucidation of the virulence
mechanisms of pathogenic bacteria.
Keyword : Caenorhadbitis elegans, Escherichia coli 0157:H7,
Metabolic profiling
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L-Fucose has high potential for use in the large-scale production of
bio-based products. Although catabolic pathways of fucose have been
enzymatically tested, the effects of fucose on intracellular metabolism
in industrial microorganisms such as Escherichia coli are still not
identified. To investigate the effects of fucose on intracellular
metabolism and to suggest clues for efficient conversion of fucose into
bio-based products, metabolomic and transcriptomic analyses were
performed on E. coli. When fucose was the carbon source for E. coli,
two omics analyses revealed that excess gluconeogenesis and quorum
sensing led to severe depletion of ATP, resulting in accumulation and
export of fuculose extracellularly. Therefore, metabolic engineering and
optimization are needed for E. coil to more efficiently ferment fucose.
This is the first omics study investigating the effects of fucose on
intracellular metabolism of E. coli.
Keyword : Multi-omics, Fucose, Escherichia coli
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P_Pathogenesis and Host-Microbe Interactions
P-1
Foot-and-Mouth Disease Virus VP1 Impair the Type I Interferon
Signaling

Clostridium butyricum S45-5 Mediated Broad Spectrum Antiviral
Activity in vitro and in vivo

Pathum Ekanayaka, Jong-Soo Lee*
College of Veterinary Medicine, Chungnam National University, Daejeon
34134, Republic of Korea

Pathum Ekanayaka1, L.N. Ranathunga1, Young-Hyo Chang2, Jong-Soo Lee1*
1
College of Veterinary Medicine, Chungnam National University, Daejeon
2
34134, Republic of Korea, ABS Research Support Center, KRIBB, Daejeon
34141, Republic of Korea

Foot-and-mouth disease (FMD) is a highly contagious pathogen acts as
a causative agent of an acute vesicular disease and spreads rapidly among
pigs, cattle and other livestock causing wide range of economic
devastation. Upon virus infections, Type-I interferon (IFN) pathway
plays as a key factor in host defense mechanisms which protects the host
by producing pro-inflammatory cytokines. Though, based on the current
research highlights, as a highly infectious virus, FMD virus holds diverse
cellular invasion mechanisms to attenuate the host cells to facilitate its
vast infection by down regulation of host defense systems through its
viral proteins. In this study, we assess the molecular mechanisms which
cause for the negative regulation of Type-I IFN pathway by FMD virus
structural protein VP1 and its K83E point mutant. Based on the findings,
transient overexpression of VP1 K83E point mutation impair the IFN-β
and IFN-α suppression in 293T and PK15 cells, respectively, showing
the reduction of Vesicular stomatitis virus (VSV) replication than VP1
wild-type (WT) transfected cells. Moreover, related to IFN-β and IFN-α
outcomes, the similar pattern can observe with the other antiviral gene
expression profiles. Additionally, luciferase reporter assay results
propose that, VP1 WT binds with the MAVS but not with the mutant and
lastly, the binding assay with MAVS, VP1 WT and its mutant provide
evidence for that hypothesis. These data thus suggest that, as one of
cellular invasion mechanism of FMD virus, VP1 binds with MAVS, and
suppress the Type-I IFN pathway by blocking the MAVS and TRAF-3
binding and K83E point mutation of VP1 is solid enough to impair that
negative mechanism. [The Ministry for Food, Agriculture, Forestry and
Fisheries (Grant no. 315044-3, 318039-3), the National Research
Foundation of Korea (NRF) grant) (No. 2018M3A9H4079660)]
Keyword : FMDV, VP1, Type-I IFN pathway
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Probiotics are likely to have an impact through gut mucosa by inhibiting
the growth of pathogenic microorganisms and by enhancing local and
systemic immune responses in the host body. In this study, we screened
122 strains of Clostridium species and observed that Clostridium
butyricum S45-5 (CBS45-5) has striking antiviral properties. Our study
revealed the broad antiviral spectrum of CBS45-5 in vitro, the
prophylactic efficacy against divergent influenza A subtypes in
C57BL/6NHsd mouse model and the underlying mechanism through
immunological assays. An effective dose of CBS45-5 significantly
reduced the replication of Influenza A virus (PR8), Vesicular Stomatitis
Virus (VSV), Newcastle Disease Virus (NDV) and Herpes Simplex
Viruses (HSV) both in immune (RAW264.7) and epithelial (HEK293T)
cells. Such antiviral properties can be explained by the induction of
antiviral molecules present in type I IFN signaling pathway and as an
evidence, through this study we found induced secretion of
pro-inflammatory cytokines, type I IFN and its resulted transcriptional
activation of antiviral related genes upon CBS45-5 treatment. Further,
oral administration of CBS45-5 exhibited prophylactic effects in
C57BL/6NHsd mice against lethal doses of highly pathogenic influenza
A sub types (H1N1, H3N2 and H5N2) and displayed reduced lung viral
titers followed by faster weight recovery. Moreover, CBS45-5 in mice
caused an increase production of IFN-β, IL-6, IgA and IFN-λ in the
serum, small intestine and lungs fluid. Overall, based on our data reveals
a novel immune-regulatory and antiviral role of CBS45-5 through
inducing cellular antiviral state in vitro and in vivo. In addition, CBS45-5
having good characteristics which shows its suitability to use as
probiotic, and consequently, it could be a novel probiotic candidate
which having immunobiotic and antiviral function. [This research was
supported by the National Research Foundation of Korea (Grant no.
2019R1A2C2008283)]
Keyword : Clostridium S45-5, probiotics, antiviral activity
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Vaccine Adjuvant CAvant WO-A1 Enhances Immunogenicity and
Protective Efficacy of Recombinant Influenza Antigen

Recombinant FMDV OVM Can Induce Protection against Lethal
FMDV Challenge

W.A.Gayan Chathuranga, Eun-Seo Lee, Jong-Soo Lee*
College of Veterinary Medicine, Chungnam National University, Daejeon
34134, Republic of Korea

W.A.Gayan Chathuranga1, N.A. Nadeeka Nethmini1, Jong-Hyeon Park2,
Jong-Soo Lee1*
1
College of Veterinary Medicine, Chungnam National University, Daejeon
34134, Republic of Korea, 2College Foot and Mouth Disease Division,
Animal Quarantine and Inspection Agency, Anyang, Republic of Korea

Vaccines widely utilize to control and eliminate avian influenza virus
(AIV) epidemics from poultry industry. More than seven decades
evolved vaccine development process have been developed vaccines
with good protection efficacy. However, potential is there to develop
further improved high efficacy vaccines. Effective adjuvant antigen
combination plays an important role with respect to the efficacy of the
vaccine. In this study, we evaluated that the newly formulated adjuvant
CAvant WO-A1 (CAVAC, Korea) in term of effectiveness to enhance
the immunogenicity of promising influenza antigen compared with
ISA70 (SEPPIC, France). As antigens, we used the conserved matrix
protein 2 (sM2) and stalk domain of hemagglutinin (HA2) fusion protein
(sM2HA2) which studied previously and inactivated H9N2 antigen.
Intramuscular administration of sM2HA2 or inactivated H9N2
combined with CAvant WO-A1 induced higher level of antigen specific
humoral and cell-mediated immune response comparative to ISA70
combined groups. Moreover, CAvant WO-A1 adjuvanted groups
conferred better protection against the lethal infection of Avian influenza
subtypes of A/Aquatic bird/Korea/W81/2005(H5N2) or A/Chicken/
Korea/116/2004(H9N2) compared with ISA70 groups. These results
indicate that CAWIO as a promising adjuvant for avian influenza
vaccines. [The Ministry for Food, Agriculture, Forestry and Fisheries
(Grant no. 316043-3)]
Keyword : Influenza virus, sM2HA2, CAvant WO-A1
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Anti-Respiratory Syncytial Virus Activity of Plantago asiatica and
Clerodendrum trichotomum Extracts in-vitro and in-vivo
1

1

Development of subunit vaccine considers as one way to replace
traditional inactivated vaccine against Foot-and-Mouth Disease virus
(FMDV). An effective adjuvant critically affects the efficacy of the
vaccine. Here, we evaluated a multi-epitope recombinant protein antigen
candidate with effective immunogenic adjuvant for FMDV. To construct
multi- epitope-based antigen, conformational epitope sites containing
G-H loop and C-terminus of VP1 gene were selected from three
topotypes of O type FMDVs, O/Jincheon/SKR/2014, O/Andong/SKR/
2010 and O1/Manisa/ Turkey/69 and conjugated as an O type VP1
multi-epitope (OVM). E-coli expressed OVM protein was expressed in
soluble form and purified by FPLC and IMAC system. Intramuscular
(IM) administration of OVM with ISA 201 induces humoral and
cell-mediated immunity and completely protect from lethal infection of
FMDV O/Jincheon/SKR/2014 in mice. Moreover, our vaccine induced
the production of sufficient neutralizing antibodies against each three
topotypes of FMDV and virus neutralizing titer in swine. Further efforts
are being made to enhance vaccine efficacy by introducing known TLR4
agonist Tryptophanyl-tRNA Synthetase (WRS) protein. Combined
inoculum with WRS show higher humoral and cellular immunity
compare to WRS absent inoculum. Together, our findings suggest that
OVM as a promising an alternative to traditional inactivated virus
antigen and the potential use of WRS as an adjuvant in FMDV vaccine.
[The Ministry for Food, Agriculture, Forestry and Fisheries (Grant no.
315044031, 318039-3) and the National Research Foundation of Korea
(NRF) grant (No. 2018M3A9H4078703)]
Keyword : FMDV, O type VP1 multi-epitope (OVM), WRS
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The herbs Plantago asiatica and Clerodendrum trichotomum have been
commonly used for centuries in indigenous and folk medicine in tropical
and subtropical regions of the world. In this study, we show that extracts
from these herbs have antiviral effects against Respiratory Syncytial
Virus (RSV) in vitro cell cultures and an in vivo mouse model. Treatment
of HEp2 cells with a non-cytotoxic concentration of Plantago asiatica
or Clerodendrum trichotomum extract significantly reduced RSV
replication, RSV-induced cell death, RSV gene transcription, RSV
protein synthesis, and also blocked syncytia formation. Interestingly,
oral inoculation with each herb extract significantly improved viral
clearance in the lungs of BALB/c mice. Based on reported information
and a high-performance liquid chromatography (HPLC) analysis, the
phenolic glycoside acteoside was identified as an active chemical
component of both herb extracts. An effective dose of acteoside exhibited
similar antiviral effects as each herb extract against RSV in vitro and in
vivo. Collectively, these results suggest that extracts of Plantago asiatica
and Clerodendrum trichotomum could provide a potent natural source
of antiviral drug candidate against RSV infection. [The Ministry for
Food, Agriculture, Forestry and Fisheries, Republic of Korea (Grant no.
315044-3, Grant No. 318039-3)]
Keyword : Plantago asiatica, Clerodendron trichotomum, RSV
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Anti-Respiratory Syncytial Virus Activity by Coptidis Rhizoma
Extract in-vitro and in-vivo

Sequencing, Genetic and Physical Organization of Multidrug
Resistant Edwardsiella tarda Infecting Lytic Phage ETP-1 Genome

Chathuranga Kiramage1, A.N. Dodantenna1, Hong Ik Kim2, Jong-Soo
Lee1*
1
College of Veterinary Medicine, Chungnam National University, Daejeon
34134, Republic of Korea, 2Vitabio Corporation, Daejeon 34540, Republic
of Korea

Chamilani Lalanthi Nikapitiya1, H.P.S.U. Chandrarathna1, Jehee Lee2,
Mahanama De Zoysa1*
1
College of Veterinary Medicine, Chungnam National University, Daejeon
34134, Republic of Korea, 2Fish Vaccine Research Center, Jeju National
University, Jeju Self-Governing Province 63333, Republic of Korea

Coptidis Rhizoma is derived from the dried rhizome of Ranunculaceous
plants and is a commonly used traditional Chinese medicine. However,
Coptidis Rhizoma is commonly used for its many therapeutic effects,
antiviral activity against RSV has not been reported in detail. In this study,
we evaluated the antiviral activities of Coptidis Rhizoma extract (CRE)
against RSV in human respiratory tract cell line (HEp2) and BALB/c
mice. An effective dose of CRE significantly reduces the replication of
RSV in HEp2 cells and reduces the RSV-induced cell death. This antiviral
activity against RSV was through the induction of type I
interferon-related signaling and the antiviral state in HEp2 cells. More
importantly, oral administration of CRE exhibited prophylactic effects
in BALB/c mice against RSV. In HPLC analysis, we found the presence
of several compounds in the aqueous fraction and among them; we
confirmed that palmatine was related to the antiviral properties and
immune-modulation effect. Collectively, CRE and its components
exhibit promising immunomodulatory role with prophylactic effect
thus, could be a potential source as promising natural antivirals that can
confer protection to RSV. [The Ministry for Food, Agriculture, Forestry
and Fisheries, Republic of Korea (Grant no. 315044-3, 316043-3,
318039-3)]
Keyword : Coptidis Rhizoma (CR), palmatine, RSV

The antibiotics are the most commonly use strategy against bacterial
infection in aquaculture industry. At present, use of such chemotherapy
is gaining a problematic issue in aquaculture, that most of the
economically important pathogenic strains become multi drug
resistance (MDR) to commonly used commercial antibiotics. Phages are
viruses that infect bacteria, can selectively eliminate or control their
bacterial host, leaving natural microbes unaffected, hence, it is a
promising alternative. In this study, MDR Edwardsiella. tarda infecting
phage ETP-1 was isolated and characterized in basic and genome level.
After done the complete genome sequencing and De Novo Assembly,
the screening of tRNA and rRNA genes, locations of protein-coding
sequences and their functional annotations were performed. Sequence
was assembled to one contig, and it was a circular, 41,785 bp with 48.3%
of G+C containing genome. Genome has 49 coding sequences (CDS)
and containing glycosyl hydrolase 108 family protein, PD-(D/E)XK
nuclease super family protein, ABC transporter permease, tail spike
protein, DNA polymerase CDS etc. No tRNA or rRNA encoding genes
were identified. The isolated ETP-1 was more closely related to
previously reported phages, IW-1 and KF-1 that infecting E. tarda.
Phylogenetic tree constructed with other phages based on large
terminase subunit sequences also showed that ETP-1 was clustered with
IW-1 and KF-1. This confirmed that ETP-1 was a member of the family
Podoviridae. However, beforeselecting the phage as an alternative
antibiotic, the detailed genetic characterization is needed to determine
the unfavorable genes related to toxin-, virulence- and lysogeny-associated.
[National Research Foundation of Korea (NRF) grant funded by the
government of Korea (MSIT) (2017010990) and a part of the project
titled ‘Fish Vaccine Research Center’ funded by the Ministry of Oceans
and Fisheries, Korea].
Keyword : Edwardsiella tarda, multidrug resistance, phage ETP-1
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Nuclear Receptor SHP Negatively Modulates the Type I Interferon
Signaling

Lactobacillus-Displayed CTA1-PEDSe Induces Protective Immune
Responses against PED Virus

Jong-Soo Lee, Jae-Hoon Kim*
College of Veterinary Medicine, Chungnam National University, Daejeon
34134, Republic of Korea

Jong-Soo Lee, C.Y. Hewawaduge, Dung Tan Huynh, Chul-Joong Kim
College of Veterinary Medicine, Chungnam National University, Daejeon
34134, Republic of Korea

Nuclear receptor SHP is an orphan nuclear receptor and interacts with
diverse nuclear receptors and transcription factors. Although regulatory
function of SHP was demonstrated in various signaling pathways, the
role of SHP in type I IFN signaling pathway has not been studied. In this
study, using Bone Marrow-Derived Macrophage and alveolar
macrophage of SHP knock-out mice and SHP knock-down cell lines,
we could check that loss of SHP enhance IFN-β cytokine secretion
against PR8, Poly(I:C), 5’ppp-dsRNA, HSV and Poly(dA:dT).
Moreover, we could find SHP was translocated to nucleus and bound with
Creb binding partner (CBP) after virus infection. CBP as transcription
co-activator, interacts with transcription factors and make complex
which is known as enhanceosome binding on enhancer region upstream
of the IFN-β gene transcription start site. β-catenin is also one of the
components of enhanceosome binding with CBP to recruit CBP to
enhanceosome. Here, we confirmed that SHP inhibit this CBP and β
-catenin interaction in nucleus. Our findings suggest the novel function
of SHP that negatively regulates type I IFN signaling pathway. [the
National Research Foundation of Korea (NRF) grant funded by the
Korea government (MEST) (No. 2019R1A2C2008283)]
Keyword : Nuclear receptor SHP, Creb binding partner, type I interferon

Porcine epidemic diarrhea (PED) causes significant economic impact
throughout the swine-raising countries including South Korea. PED
virus (PEDV) belongs to the member of Coronaviridae family and COE,
SS2, SS6 regions of PEDV spike protein play pivotal roles in the
generation of neutralizing antibodies against PEDV infection. In this
study, we have conjugated PEDSe multi-epitope (Spike multi-epitope,
Se=COE, SS2, SS6) with or without non-toxic mucosal immunogenic
adjuvant, Cholera toxin subunit A1 (CTA1) to develop an effective and
safe mucosal vaccine against PEDV. Our target antigens (PEDSe), fused
with or without CTA1 were expressed on the surface of Lactobacillus
casei, using a trans-membrane anchor protein of Bacillus subtilis subsp.
Chungkookjang pgsA (γ-pgsA), named pgsA-CTA1-PEDSe/L. casei
and pgsA-PEDSe/L. casei, respectively. The surface localization of the
fusion proteins on L. casei was verified by cellular fractionation and flow
cytometer analysis. Oral and intranasal (i.n) inoculations of recombinant
L. casei (rL. casei) into mice significantly enhanced PEDSe-specific
serum IgG and mucosal IgA levels compared to the control groups in
respective samples. The results showed that rL. casei surface-displayed
CTA1-conjugated PEDSe induced potently PEDSe-specific humoral
and cell-mediated immune responses than pgsA-PEDSe/L. casei in both
oral and i.n routes. Interestingly, mucosal immunization with rL. casei
generated a large amount of neutralizing antibodies and provided the
long-lasting immune responses against PEDV. Therefore, rL. casei
surface-displayed CTA1-conjugated PEDSe could be a promising
vaccine candidate against PEDV. [The Ministry for Food, Agriculture,
Forestry and Fisheries, Republic of Korea (Grant no. 315044031,
318039-3)]
Keyword : Lactobacillus casei, PEDV, mucosal immunization
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Mucosal Administration of Lactobacillus casei Surface-Displayed
H5N2/HA1 Protects Avian Influenza Virus Infection in Mice
Jong-Soo Lee, Dung Tan Huynh, Chul-Joong Kim
College of Veterinary Medicine, Chungnam National University, Daejeon
34134, Republic of Korea
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Avian influenza A viruses have an upward trend of changing into high
pathogenic avian influenza (HPAI). Immunization is a pivotal part of
preventive strategy for influenza outbreaks. To develop an efficacious
antigen against influenza, H5N2/HA1 representative for hemagglutinin
subunit HA1 of avian influenza H5 subtypes was surface-displayed on
Lactobacillus casei. Mice were mucosally administered with PBS,
pgsA/L. casei, pgsA-HA1/L. casei. Mucosal vaccination induced the
HA1-specific humoral immunities. Interestingly, pgsA-HA1/L. casei
enhanced a TH2 biased response associated with an enhancement of
IgG2a antibody. Mucosal administration of pgsA-HA1/L. casei also
evoked the HA1-targeted cell-mediated immune responses elucidated
through the productions of IFN-γ and IL-4 in splenocytes as well as IL-4
secretions in cLN, MLN, and PP cells. The lung virus titers were
consistent with survival proportion and body weight changes in mucosal
administration with pgsA-HA1/L. casei. The reciprocal of
HA1-neutralizing antibodies were determined from mice vaccinated
with pgsA-HA1/L. casei. Mucosal administration of pgsA-HA1/L. casei
triggered the complete protectiveness against H5N2 virus challenge.
Therefore, pgsA-HA1/L. casei would be a prospective candidate for
accelerating influenza vaccine development. [Ministry of Health and
Welfare (Grant No. HI16C1032)]
Keyword : Influenza virus, Lactobacillus casei, immune response
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WRS Functions as a Cytokine on Virus Infection

Helicobacter and Gastric Microbiota in Relation to Carcinogenesis

*

Jong-Soo Lee, Hyun-Cheol Lee, Jiho Lim
College of Veterinary Medicine, Chungnam National University, Daejeon
34134, Republic of Korea

The ARSs are the enzymes that is essential for translation. Without its
canonical function that catalyse specific amino acid to its cognate tRNA,
however, some ARS in higher eukaryotes possess non-canonical
function to regulate additional cell metabolism. As a part of the new
function of ARS, we report that Tryptophanyl-tRNA-synthetase (WRS)
is involved in antiviral innate immune system. TryptophanyltRNA-synthetase is immediately secreted in response to virus infection
and extracellular Tryptophanyl-tRNA-synthetase stimulates toll-like
receptor 4. We show this stimulation increases the level of cytokines and
eventually inhibit virus replication in vitro and in vivo. This study
uncovers that secreted full-length Tryptophanyl-tRNA-synthetase
possess a non-canonical function in activating and mediating innate
immune responses. [The Ministry for Food, Agriculture, Forestry and
Fisheries, Republic of Korea (Grant no. 315044031, 316043-3,
318039-3)]
Keyword : WRS, Innate immunity
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Anti-Mmycobacterial Activity of Isoniazid in vitro
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Department of Biochemistry, University of Missouri, Columbia, USA

Sutherlandia frutescens is a fast growing, drought tolerant plant
commonly found in southern Africa, which has traditionally been used
as an indigenous medicine for a variety of ailments, including the human
immunodeficiency virus (HIV). While a recent clinical trial conducted
in South Africa with 100 patients concluded that S. frutescens did not
change the course of the antiviral therapy, concerns were raised about
possible interference with preventive isoniazid (INH) treatment used
against tuberculosis. The latter hypothesis was tested in vitro using
extracts of S. frutescens in combination with INH for the elimination of
Mycobacterium tuberculosis (Mtb). Preliminary data indicate that S.
frutescens does not impact the potency of INH against Mtb growing in
broth medium. Significant impacts were however observed against
bacteria replicating inside macrophages, with data indicating that this
effect was not specific to INH and could be observed with other plant
extracts. Together, these results indicate that S. frutescens may alter the
macrophage machinery to decrease the activity of INH, opening broader
questions regarding food-drug interactions and their possible impact in
the appearance of drug-resistance.
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University, Seoul 03772, Republic of Korea, 2Division of Life Sciences,
Gyeongsang National University, Jinju 52828, Republic of Korea,
3
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Gastric cancer 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 source causing the gastric cancer. We hypothesized that
there are some bacteria which act as inhibitors or accelerators of
carcinogenesis. Therefore, the aim of this study is to characterize
microbiota structures of the stomach in accordance with disease states.
16S rRNA sequence analysis was performed to the collected biopsy
samples from several disease states including atrophic gastritis,
intestinal metaplasia and gastric cancer as well as from normal states
including superficial chronic gastritis. The gastric microbial structure
shows a large variation that depends on individuals, however mostly
constitutes of five phyla: Actinobacteria, Bacteroidetes, Firmicutes,
Fusobacteria and Proteobacteria. Abundance of H. pylori is a factor that
affects significantly to the gastric microbial structure. In ß-diversity
analysis, samples are clustered according to its H. pylori abundance.
However, the abundance of H. pylori is not consistent with disease states.
We found gastric microbial structures can be stratified into several
groups that are associated with normal or disease states. In this study,
we characterized group-specific taxa and analyzed correlation between
taxa and disease. This study allows us to understand the gastric
microbiota structure and provide us a possibility to develop
microbiota-based pharmabiotics.
Keyword : Gastric cancer, gastric microbiota, Helicobacter pylori
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Alteration of the Human Gut Microbiota by Gwakhyangjeonggisan
a Traditional Korean Medicine

The Influence of Environmental and Host-Genetic Factors to
Human Gut Microbiome Asssemblage
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Gwakhyangjeonggisan (GS) has been used in traditional Korean
medicine for the treatment of irritable bowel syndrome with diarrhea.
GS is composed of 11 kinds of medicinal herbs that may affect the human
gut microbiome. 20 healthy adult volunteers, composed of 17 males and
3 females were recruited for the experiment. Stool samples were taken
before and after the intake of GS which was taken daily by the volunteers
for 2 weeks. The bacterial 16S rRNA genes were amplified from stool
metagenomics DNA and sequenced using a next generation sequencing
(NGS) machine to analyze the gut microbiota. The NGS data were
analyzed by bioinformatics programs such as QIIME, PICRUSt,
Cytoscape, and Calypso. Two subjects (10%) complained of diarrhea
after taking the traditional medicine, although the unique phylogenetic
position of the subjects’ microbiota that previously existed did not
change significantly after GS intake. Gut microbiota compositions of
these subjects originally showed less than 55% of the ratio between the
genera Prevotella and Bacteroides, which are known to be involved in
digestion of food in human gut. PICRUSt analysis revealed that “Glycan
biosynthesis/ metabolism” and “Replication/repair” functions in the gut
microbiota of the diarrhea subjects were less compared to the
asymptomatic subjects. On the other hand, “Cell motility” and
“Membrane transport” tended to increase. In conclusion, GS produced
a negative effect to the human gut microbiota in subjects which have less
than 55% of the ratio between Prevotella and Bacteroides. This study
will serve as a basis to understand whether the traditional Korean herbs
should be prescribed separately according to the human gut microbiota.
Keyword : Gwakhyangjeonggisan, healthy Korean adult, network
analysis

The gut microbiome is essential to human health. However, little is
known about the influence of environment versus host genetics in
determining the human gut microbiome assemblage. Here, we present
evidence in support of the role of host genetics in the establishment and
maintenance of individual gut assemblages. We collected fecal samples
from Korean naval trainees (n = 170) over a six-week period and
sequenced the bacterial 16S rRNA gene. The following hypotheses were
tested: 1) microbiome function is linked to its diversity, community
structure, and host genetic makeup and 2) preexisting genetic factors
have a greater effect on gut microbiome formation and composition than
environmental factors. We found that the composition of intestinal
microbial communities differed among naval trainees with different
genetic and environmental backgrounds. However, due to individual
genetic factors, there was little or no difference in individual gut
microbiota after six weeks of living in the same area and receiving the
same diet, the same amount of exercise, and the same amount of physical
stress. This suggests that host genetics, rather than environmental
factors, is a key determinant of individual gut microflora. In addition,
six weeks of physical training resulted in an increase in the genera,
Akkermansia and Faecalibacterium, in most trainees. Overall, this study
has puts forward the suggestion that host genetic is a key factor in
determining the host microbiome assembly.
Keyword : Asian guts, bacterial diversity, gut microbiome
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Reshaping of the Gut Microbiota in Small Heterodimer Partner
Deficient Mice
Juneyoung Lee1, Na-Ri Shin1, Jin-Woo Bae1*, Tae Sung Kim2,
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1
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Medicine, Daejeon 35015, Republic of Korea

The small heterodimer partner (SHP) is an orphan nuclear receptor that
can interact with various nuclear receptors and transcription factors
related to lipids and bile acids metabolism. SHP is activated by farnesoid
X receptor (FXR) and regulates bile acid biosynthesis by inhibiting
cytochrome P450 7A1 (CYP7A1), which is the rate-limiting enzyme in
synthesis of bile acid from cholesterols. Gut microbiota has profound
effects on bile acid metabolism by promoting deconjugation of taurine
and glycine, dehydrogenation and dihydroxylation of primary bile acids.
We investigated how SHP deficiency in mice affects gut microbiota
profile through 16S rRNA gene amplicon sequencing. We found that
microbial diversity (α-diversity) was significantly increased in SHP KO
mice compared to WT mice (p<0.002). Community structures of gut
microbiota from WT and SHP KO were significantly different and
clustered separately (p<0.001). In detail, compared to SHP WT, the
bacterial genera Bacteroides, Butyricimonas and Rikenella were
decreased and Lactobacillus, Allobaculum and unclassified
Peptostreptococcaceae were increased in SHP KO mice. From these
data, we conclude that SHP deficiency can modify the host gut bacterial
community.
Keyword : SHP, gut microbiota, small heterodimer partner

P-17
A Transposon Tagging Mutant of Ralstonia solanacearum
Displaying Reduced Exopolysaccharide Production and Virulence
on Tomato Plant
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Ralstonia solanacearum is the soil borne phytopathogen causing
bacterial wilt in Solanaceae plants by producing exopolysaccharides
(EPS). To investigate the role of EPS in bacterial wilt of tomato plants,
transposon-inserted mutants were generated using a highly virulent R.
solanacearum strain SL341. Among screened six thousand mutants, a
mutant strain, SL341P4 producing less EPS compared to wild-type was
selected for further studies. Tn5 transposon in the mutant strain disrupted
a putative exo-P like gene encoding EPSI polysaccharide biosynthesis
protein, dTDP-glucose 4,6-dehydratase. This mutant showed similar
phenotypic properties to wild-type such as growth rate in rich and
minimal media, activities of pectinase and cellulase and hypersensitive
response on the tobacco leaves. Moreover, this mutant displayed a
smaller colony, less EPS production and reduced virulence on tomato
plant compared to wild-type. Bacterial population of the mutant strain
in the tomato stem and rhizosphere was similar to that of wild-type strain.
Even though the virulence of SL341P4 was reduced, several tomato
plants showed bacterial wilt symptoms, suggesting that EPS is not the
sole virulence factor and tomato endophytic community may be involved
in wilt occurrence with the attenuated strain SL341P4.
Keyword : Ralstonia solanacearum, bacterial wilt, exopolysaccharide
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A Genome-Wide Construction of Lectin-Glycan Interaction (LGI)
Network in the Early Stage of Enterotoxigenic E. coli (ETEC)
Infections
Kang Mo Lee1, Sung Soon Kim1, Jong Hyun Kim1, Cheorl-Ho Kim2,
Seung-Hak Cho1*
1
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Research, Korea National Institute of Health, Cheongju 28160, Republic of
2
Korea, Glycobiology Unit, Department of Biological Science,
Sungkyunkwan University, Suwon 16419, Republic of Korea

Background: Enterotoxigenic Escherichia coli (ETEC) is the main cause
of diarrhea by bacterial infection. The first step in the infection of ETEC
is their adherence to host intestine by binding of lectin-like adhesins to
receptors of the host that include glycans. However, the information on
the lectin-glycan interaction (LGI) of ETEC is not well known.
Therefore, in this study, we investigated putative adhesins
genome-widely to construct an LGI network. Materials/methods: A total
of 20 strains were used in this study: Egypt (5), Argentina (3), Guatemala
(3), Mexico (2), Bangladesh (2), China (1), Indonesia (3) and Japan (1).
The sequencing adapters were removed using TrimmOmatic (version
0.36) and de novo assembly of the genome were performed using SPAdes
(version 3.5.0). Prokka pipeline was used for the prediction and
annotation of open reading frames (ORFs). The outer-membrane
embedded proteins were predicted from the annotated genes of 20 strains
using SignalP program and substantially classified by TMHMM v2.0,
SignalP v5.0 and LipoP v1.0. Results: We predicted a total of 1,228
outer-membrane embedded proteins from the genome of 20 strains.
Threonine synthase activity (p-value = 1.07E-22), transporter activity
(p-value = 1.31E-05) and cell outer membrane (p-value = 0.01E-1) were
the major function of the genes according to the functional annotation
clustering algorithm of DAVID. Conclusions: The putative adhesins and
lectin candidates will be confirmed by T7-phage display experiment and
the LGI network will be constructed. The LGI network will provide
researchers an important information for vaccine or medicine
development against ETEC.
Keyword : Enterotoxigenic E. coli (ETEC), Genome-Wide Screening,
lectin-glycan interaction
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Isolation of Catalase-Proficient Commensal Microbes from Human
Feces and Their Use as Anti-Inflammatory Agents
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Recent advances in microbiome studies illustrated their diverse role in
health and diseases. This open the door for translational microbiome,
in which microbiome or their products can be used as diagnostic or
therapeutic agents, which showed a potential promise to alleviate burden
of existing diseases. Accordingly, we are interesting to explore gut
microbiome for antioxidant-bacteria, we investigated gut-microbiome
communities to pinpoint the species that are highly resistance to reactive
oxygen species (ROS). Using invitro culture screening of human fecal
samples followed by 16S rRNA sequencing approaches, we isolated
three strains of bacillus species (Bacillus subtilis, Bacillus Nakamurai
and Bacillus licheniformis) with hydrogen peroxide resistance up to
2mM from aerobic culture. Interestingly, Bifidobacterium longum has
been known as catalase negative. however, we isolated this strain from
fecal sample, which exhibited resistance to hydrogen peroxide using
anaerobic culture method. Further biochemical tests and comparative
genomics approach using whole genome sequencing are going on to
explain catalase extra activity into those strains. Additional in vivo
experiments using DSS-induced colitis mice model will be done to assess
the feasibility of using those selected strains as anti-inflammatory
agents, to compensate harmful effect of ROS in mice intestine.
Keyword : Reactive oxygen species, antioxidant-bacteria, catalase
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Novel Antibiotic Growth Promotant Alternative Bacteriophages:
Preventing Bacterial Diseases and Reduce Mortality Rate in
Poultry Farm
Yujin Kim, Jong-Pyo Chae, Lam Nguyen Hoang, Kyeong-Won Yeop,
Jieun Kim, Jong-su Eun, Jae-won Kim*
Institute of Integrated Technology, CJ Cheiljedang, Suwon 16495, Republic
of Korea

With emergence of antibiotic-resistant pathogens in human, the usage
of antibiotics in livestock feeds has been regarded as a problem to be
regulated worldwide. EU started banning antibiotics in feed from 2006
and South Korea started the banning from 2011, following by Indonesia
from 2018. In feed industry, many companies have tried to find
alternative agents to antibiotics in feed, but they are limited in efficacy
to control pathogens. We have developed a bacteriophage cocktail for
poultry. It consists of two Salmonella phages, two APEC phages, and
one Clostridium perfringens (CP) phage. Two Salmonella phages killed
38 serotypes (n = 537 strain) of Salmonella with 93.7% coverage
including S. Gallinarum, S. Pullorum, S. Enteritidis, etc. Two APEC
phages killed 161 clinical isolates with 93.2% coverage including E. coli
serogroups O1, O2 and O78. CP phages killed 42 clinical isolates (Toxin
type A, C and E) with 97.6% coverage. To evaluate the anti-pathogen
ability in commercial poultry farms, multi-antibiotics resistant
S.Gallinarum and CP were isolated in a Korean layer hen and an
Indonesian breeder hen farms, respectively. The isolated S. Gallinarum
was resistant to ampicillin, enrofloxacin, and florfenicol. The isolated
CP was resistant to trimethoprim/sulfamethoxazole, colistin,
lincomycin, and neomycin. The phage cocktail was then applied in
5
feeding water (10 pfu/ml) during 8-weeks in the Korean layer hen farm
and 21-week in the Indonesian breeder hen farm. The mortality rates of
phage cocktail feeding treatment were significantly lower than control
as 1.7% (p<0.001) for the layer hen farm and 4.8% (p<0.05) for the
breeder hen farm. These results of bacteriophage cocktail suggest a
potential to apply the product as a new AGP alternative to prevent several
target bacterial diseases, especially on multi-antibiotic resistant
pathogens and improve the poultry farm performance.
Keyword : Bacteriophages, AGP alternative, poultry
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Burkholderia species encompasses gram-negative bacteria with high
genetic diversity. In particular, Burkholderia species are found
everywhere, including the soli and plants, and even the insect and human
bodies. Burkholderia glumae BGR1, a plant pathogenic bacteria among
Burkholderia species, has a wide host range and causes a serious plant
disease called bacterial panicle blight. In contrast, Burkholderia sp.
RPE64 is a bean-bug symbiotic and has a stable symbiosis with the host
insect. The evolutional difference between B. glumae BGR1 and
Burkholderia sp. RPE64, with different interaction pattern in each host
has been supported by the comparative analysis of genomic similarities
and differences. In addition, in host transcriptome analysis of insect
symbiotic and plant pathogenic Burkholderia species using in host RNA
seq was conducted to investigate the relationship between bacteria and
own host. Specific factors that determine the host specificity of
Burkholderia species were predicted by analysis of common expression
genes and differential expression genes. As a result of in host
transcriptome analysis, we found the importance of sulfate transport
system in the interaction of Burkholderia species and host, and could
distinguish putative symbiotic and pathogenic factors.
Keyword : Burkholderia, in host RNA seq, comparative transcriptome
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Pseudomonas syringae Evades Phagocytosis by Animal Cells via
Type III Effector-Mediated Regulation of Actin Filament Plasticity

In situ Structures of Periplasmic Flagella in Borrelia Reveals
Conformational Changes Essential for Flagellar Rotation
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Certain animal and plant pathogenic bacteria have developed virulence
factors including effector proteins that enable them to overcome host
immunity. A plant pathogen, Pseudomonas syringae pv. tomato (Pto)
secretes a large repertoire of effectors via a type III secretory apparatus,
thereby suppressing plant immunity. Here, we show that Pto causes
sepsis in mice. Surprisingly, the effector HopQ1 disrupted animal
phagocytosis by inhibiting actin rearrangement via direct interaction
with the LIM domain of the animal target protein LIM kinase, a key
regulator of actin polymerization. The results provide novel insight into
animal host-plant pathogen interactions. In addition, the current study
firstly demonstrates that certain plant pathogenic bacteria such as Pto
evade phagocytosis by animal cells due to cross-kingdom suppression
of host immunity.
Keyword : Pseudomonas syringae, phagocytosis, type III effector
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Motility and chemotaxis were reported to be crucial for the infectious
life cycle of Borrelia burgdorferi, the Lyme disease spirochete.
However, the knowledge of how the spirochete achieves complex
swimming is limited. Moreover, the roles of most of the B. burgdorferi
putative chemotaxis proteins are still elusive. B. burgdorferi contains
multiple copies of chemotaxis genes (two cheA, three cheW, three cheY,
two cheB, two cheR, cheX, and cheD), which make its chemotaxis system
more complex than other chemotactic bacteria. In this study, we
determined the role of a putative chemotaxis gene cheD. Our
experimental evidence indicates that CheD enhances chemotaxis CheX
phosphatase activity, and modulated its infectivity in the mammalian
hosts. Although CheD is important for infection in mice, it is not required
for acquisition or transmission of spirochetes during mouse-tick-mouse
infection cycle experiments. However, it has an effect on the
survivability of spirochetes in the arthropod vectors. This is the first
report of the role of cheD in the host tissue colonization in any pathogenic
bacterium. Delineating the role of cheD in B. burgdorferi will provide
insights into not only the chemotaxis pathway of this spirochete, but also
its asymmetric swimming and infectious life cycle of the spirochete.
Keyword : Borrelia burgdorferi, CheD, chemotaxis
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The bacterial flagellar motor is a molecular machine that rotates the
flagellar filament at high speed. Torque is generated by the stator-rotor
interaction coupled to an ion flux through the torque generating stator.
Here, we employed cryo-electron tomography to visualize the intact
flagellar motor in the Lyme disease spirochete Borrelia burgdorferi. By
analysis of the motor structures of wild-type and stator mutants, we
localize the torque-generating units precisely and determine
three-dimensional structure of the stator and its interactions with the
rotor. Our study shows that the cytoplasmic domains of the stator are
packed regularly around the circumference of the flagellar C-ring. The
stator-rotor interaction induces a profound conformational change in the
C-ring. Analysis of the motors of a less motile motB-D24E mutant and
a non-motile motB-D24N mutant, in which the proton translocation is
reduced and blocked, respectively, provides evidence that the
conformational change of the C-ring is essential for flagellar rotation.
Keyword : Borrelia burgdorferi, stator, C-ring
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Gut Microbiota Cell-Free Supernatants Exhibit Anti-Inflammatory
and Nitric Oxide Reduction on Macrophages Stimulated with LPS

Host Susceptibility to Vibrio cholerae Infection is Determined by
Intestinal Abundance of Bacteroides vulgatus

Seung Yeob Yu1, Ji-Sun Kim1, Byeong Seob Oh1, Seoung Woo Ryu1,
1
1
1
1
Seung-Hwan Park , Se Won Kang , Kook-Il Han , Keun Chul Lee , Mi
Kyung Eom1, Min Kuk Suh1, Jam-Eon Park1, Seung-Hyeon Choi1,
1,2
3
1*
Jung-Sook Lee , Yeongjin Hong , Ju Huck Lee
1
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, 3Department
of Microbiology, Chonnam National University Medical School,
Jeollanam-do 61469, Republic of Korea
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03722, Republic of Korea

Balanced intestinal microorganisms play an important role in disease
prevention. On the other hand, the dysbiosis of intestinal
microorganisms causes various diseases, and is especially related to
intestinal diseases. It has been known that a signature of inflammatory
bowel disease (IBD) is dysbiosis of the gut-microbiota (GM), leading
to the hypothesis that certain gut-microbiota have the ability of IBD
prevention. Therefore, we tried to identify the anti-inflammatory and
anti-oxidation, both of which are considered as IBD therapy, activities
of gut-microbiota isolated from healthy human feces. To do this, the
cell-free supernatants (CFSs) of the isolated GMs have been investigated
for these activities. We prepared 100 CFSs and used them for cell based
in vitro anti-inflammatory and anti-oxidation assays, in which
macrophages cells (RAW264.7) were stimulated with bacterial
lipopolysaccharide (LPS). Firstly, the RAW264.7 cells were
pre-incubated with the CFSs for 1 hour, and then induced with LPS for
inflammatory and oxidation responses for 24 hours. Finally, the
RAW264.7 cells medium were collected and investigated for the
reduction of IL-6, TNF-a, nitric oxide (NO). As a result, several CFSs
can decrease the amount of IL-6, TNF-a, or NO induced by LPS.
Interestingly, two CFSs from GM 55 and 58 exhibited over 40%
reduction activity in all three factors induced by LPS. We are now
constructing an IBD animal model to verify the above results in vivo
system.
Keyword : Gut-microbiota, IBD, CFS

When perturbed, gut microbiota loses its protective capacity, termed
‘colonization resistance’ against incoming pathogens. However, it
remains unclear how such perturbations compromise host resistance,
especially at the species and metabolite levels. Here, we illustrate how
Bacteroides vulgatus, a dominant species of the Bacteroidetes phylum
in mouse intestines, suppresses infection by Vibrio cholerae, an
important human pathogen. Clindamycin (CL) is an antibiotic that
selectively kills anaerobic bacteria, and accordingly Bacteroidetes are
completely eradicated from CL-treated mouse intestines. The
Bacteroidetes-depleted adult mice developed cholera-like symptoms
when subsequently infected with V. cholerae. Germ-free mice
mono-associated with B. vulgatus became resistant to V. cholerae
infection. CL-treatment induces microbiota compositional changes.
Consequently, relative concentrations of V. cholerae growth-inhibitory
metabolites including butyric acid and propionic acid were reduced to
undetectable upon CL treatment, while levels of compounds that
enhance V. cholerae proliferation soared several folds. Furthermore, the
intestinal colonization process of V. cholerae was well-simulated in
CL-treated adult mice. Together, our results demonstrate that B. vulgatus
is a critical determinant for host resistance against V. cholerae infection
and that CL pre-treatment of adult mice generates a simple yet useful
animal model of cholera infection.
Keyword : Gut microbiome, Vibrio cholerae, Bacteroides vulgatus
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Gram-negative bacterial pathogens deliver a variety of effector proteins
into the host cell via diverse secretion systems. Multifunctional
autoprocessing repeats-in-toxin (MARTX) toxin is characterized as one
of the delivery platforms to transport a repertoire of effector domains.
Upon entering target cells, cysteine protease domain (CPD) present in
all MARTX toxins is allosterically activated and autoprocessed by
cellular inositol hexakisphosphate. Effector domains are then eventually
released from the holotoxin by the activated CPD in the host cytosol that
links to virulence by modifying cellular substrates. In this study, we
identified a unique CPD existed in the MATRX toxin from a clinical strain
of Vibrio vulnificus. Biochemical and structural analysis revealed that
the CPD has distinct roles in the MARTX toxin processing.
Keyword : MARTX toxin, cysteine protease domain, Vibrio vulnificus
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Roles of Cytokines and Chemokines in the Pathogenesis
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Human herpesvirus 8 (HHV-8) is the latest member of the human
herpesvirus family. HHV-8 is an oncogenic virus and thus causes various
tumors including Kaposi’s sarcoma ( KS ) and at least two B cell
lymphomas. Less than 1 % of HHV-8 carriers develop KS and thus it
has been postulated that genetic deficiency may facilitate tumor
initiation and growth. In accordance with this notion, only a handful of
reports describe KS incidence in children with inborn errors. OX40
deficiency is one of them. A pediatric patient with a mutation in one of
the exons of the OX40 gene displayed loss of functionality of effector
memory CD4+ T cells and has developed KS early in childhood,
suggesting the importance of the molecule in the regulation of HHV-8
replication. Therefore we hypothesized that OX40 on T cells may
interact with OX40L on endothelial cells. OX40L is known to be
abundantly expressed in KS lesions as well. First of all, we demonstrated
high levels of OX40 expression on tonsillar T cells and OX40L on
endothelial cells upon infection, interaction of which leads to the
inhibition of viral replication. Of note, 4-1BB-4-1BBL interactions
diminished HHV-8 lytic replication. The regulation of viral replication
in B cells required only 4-1BB-4-1BBL interactions, suggesting a cell
type-specific mechanism involved. Further in-depth studies are required
to delineate the exact role of those interactions in the pathogenesis of
virus-induced pathologies.
Keyword : Herpesvirus, cytokine, chemokine
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Human norovirus (hNoV) infection accounts for 200,000 deaths among
young children world-wide due to dehydration and fatality has been
reported among elderly people in nursing homes who are
immunocompromised. No vaccines and virus-specific therapies are
available mainly due to the lack of a cell culture and small animal model.
To develop a small animal model, human fucosyltransferase 2 (hFUT2)
expression cassette was generated under a strong promoter. Previously,
we generated a transgenic mouse model which expresses hFUT2 under
the thymidine kinase promoter (TK-Tg). While TK-Tg mice are
susceptible to hNoV, its expression levels were low. Therefore, we
generated a ‘Strong’-Tg model and characterized its susceptibility to
hNoV. As Strong-Tg expresses hFUT2 higher, they displayed higher
susceptibility to hNoV infection. Taken together, we report that
Strong-Tg model is generated and its high susceptibility will pave way
to better understanding of hNoV-mediated pathology.
Keyword : Norovirus, transgenic, fucosyltransferase
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Background: Respiratory tract infection is one of the major infectious
complications developed in hematologic malignancy patients, and
opportunistic pathogens can infect lower airways. Although, there are
studies for microbiota, there is little research on the respiratory
microbiome of immunocompromised patients. Material & Method: We
prospectively collected respiratory specimen (throat swab and sputum)
from hematologic patients hospitalized due to pneumonia. To define the
airway microbiome, 16s rRNA metagenomics sequencing of the V2-6,
TM
V8-9 region was performed by using Ion Torrent (Thermo Fisher
Scientific, Korea). Results: In total 20 respiratory samples obtained from
healthy controls and patients, the profile of bacterial commuties was
similar between throat swab and sputum. Compared to the respiratory
tract microbiota of five normal subjects, dysbiosis (a microbial
imbalance or maladaptation) in the upper respiratory tract microbiota
from all seven patients with respiratory infection (RI) was observed.
Firmicutes, Proteobacteria, Bacteroidetes, Actinobacteria, and
Fusobacteria were the five major bacterial phyla recovered (which
together composed over 99%) from sputum and throat swab samples
from controls, whereas Firmicutes and Bacteroides were significantly
more represented and Proteobacteria was rarely detected in the samples
from RI patients. Streptococcus, Veillonella, Prevotella, Granulicatella,
and Rothia were the most predominant genera among seventeen major
bacterial genera in RI samples. While low diversity at species level in
RI patients was determined, Rothia mucilaginosa, Veillonella atypica,
Prevotella melaninogenica, Granulicatella adiacens, Granulicatella
elegans, Veillonella tobetsuensis, Actinomyces odontolyticus, and
Veillonella dispar were spontaneously found in all RI patients only.
Additional taxonomic differences were identified in regards to
significant fold changes between RI patients and controls, with Villonella
spp. and Granulicatella adiacens having significantly higher
abundances in pneumonia patients Conclusion: The difference of
composition and diversity in URT microbiota between RI patients and
normal subjects were apparently characterized, which appears to be a
practical source of bacterial biomarkers for respiratory tract infection
in immunocompromised host.
Keyword : Metagenomics, pneumonia, immunocompromised patients
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Exopolysaccharide of Deinococcus radiodurans Inhibits Biofilm
Formation of Staphylococcus aureus
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Deinococcus radiodurans is an extremely resistant bacteria against
extracellular stress such as ionizing radiation, desiccation, UV radiation,
and oxidizing agents, which is based on the unique physiological
functions and structure of cellular constituents. D. radiodurans-derived
molecules have been used beneficially in various industrial applications.
However, its role in pathogenic infection and infectious diseases has not
been studied yet. In this study, we purified exopolysaccharide from D.
radiodurans (DeinoPol) and investigated the effect of DeinoPol on
biofilm formation of Staphylococcus aureus. DeinoPol could inhibit S.
aureus biofilm formation without affecting the growth of S. aureus.
DeinoPol also inhibited biofilm formation of S. aureus clinical isolates,
including a methicillin-resistant strain. Remarkably, DeinoPol not only
interfered with S. aureus biofilm formation, but it also disrupted a
pre-formed biofilm. Moreover, other EPS purified from various
Deinococcus strains isolated from Baekrokdam in Jeju island also
potently inhibited S. aureus biofilm formation. In conclusion, this study
suggests that DeinoPol can inhibit S. aureus biofilm formation, and
therefore could be applied for preventing and/or treating infectious
diseases caused by S. aureus bioiflm.
Keyword : Deinococcus radiodurans, exopolysaccharide, Staphylococcus
aureus
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The ubiquitination proteasome system is responsible for the destruction
of regulatory proteins and thus critical in maintaining cellular
homeostasis. Thereby, it is not surprising that component of ubiquitin
proteasome system are commonly found deregulated in cancers, just like
F-box and WD repeat domain-containing 7 (FBW7) E3 ubiquitin ligase.
Notably, most FBW7 substrates including myeloid cell leukemia 1
(MCL1), a pro-survival BCL-2 family member, have been shown as
oncogenes in multiple types of human cancer. In line with this, MCL1
is highly expressed in primary effusion lymphoma (PEL) which is caused
by infection with a Kaposi’s sarcoma-associated herpesvirus (KSHV).
Here we show that the KSHV latency-associated nuclear antigen
(LANA) specifically interacts with FBW7, leading to enhance the
stability of MCL1, via inhibition of proteasome-mediated degradation.
The phosphodegrons motif within LANA is required for its interaction
with FBW7, which led to compete with FBW7-MCL1 interaction and
effectively downregulated MCL1 ubiquitination. Consequently,
LANA-FBW7 interaction is required for MCL-1 mediated proliferation
and survival of cultured PEL cells. Knock-down or inhibition of MCL1
unequivocally reduced proliferation and increased activity of caspase 3.
Collectively, our data indicate that KSHV LANA interacts and
sequesters the FBW7 E3 ubiquitin ligase to elevated level of MCL1,
leading to viability of PEL cells and it may contribute development of PEL.
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Reverse genetic systemsfor RNA viruses are based on the complementary

Leviphages express a single-subunit lysis protein (LP), which are
deemed inhibiting the host bacterial growth by an unknown mechanism
without affecting cell wall biosynthesis. To explore the potential
mechanisms by which the leviphage LP can trigger cell lysis, the LP
proteins need to be expressed by an inducible promoter without phage
infection. In this study, the LP genes were amplified from three
leviphages, PP7 that infects Pseudomonas aeruginosa with type IV pili,
MS2 that infects Escherichia coli with F pili, and PRR1 that infects
Gram-negative bacteria with IncP pili. Each LP gene was cloned into
a mini-Tn7-based vector (mTnlac), whose expression is IPTG-inducible
with the ribosome binding sequence optimized for translation in P.
aeruginosa cells. We demonstrated that they (mTnlac-LPPP7, mTnlacLPPRR1, and mTnlac-LPMS2) displayed antibacterial activity upon IPTG
induction, validating the LP expression systems. Interestingly, however,
they exhibited different host spectra among the tested strains of E. coli
and P. aeruginosa: mTnlac-LPPP7 killed only a few P. aeruginosa strains,
whereas mTnlac-LPPRR1 killed all the tested strains of P. aeruginosa, but
not E. coli; in contrast, mTnlac-LPMS2 killed all the strains of E. coli and
P. aeruginosa. Most importantly, mTnlac-LPPP7 killed the susceptible P.
aeruginosa strains synergistically with the bactericidal antibiotics.
Taken together, we have successfully created the LP expression systems
that enable us to elucidate the molecular characteristics and antibacterial
mechanisms of the leviphage LPs.
Keyword : P. aeruginosa, phage, lysis protein

DNA (cDNA) of the RNA viruses,whose transcripts derived from
bacterial RNA polymerases act not only as theprimary mRNA for phage
protein synthesis, but also as the template for phage RNAreplicases (aka.
RNA-dependent RNA polymerases). In this study, we haveoptimized
the protocol for reverse genetic systems for the RNA phage, PP7,which
infects the opportunistic human pathogen, Pseudomonas aeruginosa.
The cDNA from the isolated genomic RNA wasfused to the T7 promoter,
which was cloned in mini-Tn7-Gm. This construct wasintroduced into
the non-susceptible surrogate bacterium, P. aeruginosa PAK. Functional
assembly of PP7 phages from theculture supernatants were assessed by
plaque formation on the susceptiblestrain (PAO1) and the phage particles
were observed under transmissionmicroscope. We found that the host
12
cells should be cultured at 30℃ for themaximal phage production (~10
pfu/ml). By using this system, weexamined for the residues that are
critical for the PP7 life cycle. Mutation analysesrevealed that 2 amino
acid residues (R349 and S360) of the maturation proteinwere critical in
the infectivity in PP7: S360 might be involved in genomerelease step,
whereas R349 might affect phage adsorption and particle release,as
assessed by assays of plaque morphology, phage adsorption, and
genomesynthesis. Taken together, the reverse genetic systems will
provide a newexperimental chassis to understand the function of the
phage proteins in eachstep of the RNA phage life cycle and will help
develop synthetic phage variantswith new traits for applications
regarding selective diagnosis and efficienttherapy.
Keyword : Pseudomonas aeruginosa, RNA phage

Poster Session

Chanseop Park, Eun Sook Kim, Jae-Yeol Lee, Hee-Won Bae, You-Hee Cho
Department of Pharmacy, College of Pharmacy and Institute of
Pharmaceutical Sciences, CHA University, Gyeonggi-do 13488, Republic
of Korea

623

P-35
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Response Networks

A Human Pathogenic Bacterium Shigella Proliferates in the Plant
through the Adoption of Type III Effectors for Shigellosis
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Oxidative stress arises from an imbalance betweenthe excessive
accumulation of reactive oxygen species (ROS) and a cell’s capability
to readily detoxify them. Although ROS are spontaneously
generatedduring the normal oxygen respiration and metabolism, the
ROS generation isusually augmented by redox-cycling agents,
membrane disrupters, and bactericidalantibiotics, which contributes
their antimicrobial bioactivity. It is notedthat all the bacteria deploy an
arsenal of inducible antioxidant defensesystems to cope with the
devastating effect exerted by the oxidative stress:these systems include
the antioxidant effectors such as catalases and themaster regulators such
as OxyR. The oxidative stress response is not essentialfor normal growth,
but critical to survive the oxidative stress conditions thatthe bacterial
pathogens may encounter due to the host immune response and/or
theantibiotic treatment. Based on these, we here define the
ROS-inspiredantibacterial strategies to enhance the oxidative stress of
ROS generation basedon two ROS-generating chemical scaffolds of an
anticancer, sepantronium bromide(YM155) and an antimalarial,
artemisinin.
Keyword : Antibacterial, oxidative stress, ROS
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Human enteropathogenic bacteria has been reported to be transmitted
by fresh vegitables. Shigella, which infects primates, is reportedly
transmitted by fresh vegetables; however, its molecular interactions with
plants have not been elucidated. Here, we show that four Shigella strains,
S. boydii (S. b), S. sonnei, S. flexneri 2a (S. f 2a), and S. flexneri 5a (S.
f 5a), proliferated at different levels in Arabidopsis thaliana.
Microscopic studies revealed that these bacteria were present inside
leaves and damaged plant cells. Green fluorescent protein (GFP)-tagged
S. b and S. f 5a colonized in leaves only, and S. f 2a colonized both leaves
and roots. Using mutants lacking type III secretion systems (T3SS), we
found that T3SS of Shigella that regulate the pathogenesis of Shigellosis
in humans also play a central role in proliferation in Arabidopsis.
Strikingly, the immunosuppressive activity of two T3S effectors, OspF
and OspG, were needed for the proliferation of Shigella in Arabidopsis.
Of note, delivery of OspF or OspG effectors inside of plant cells upon
Shigella inoculation was confirmed by using a split GFP system,
respectively. These findings demonstrate that the human pathogen
Shigella can proliferate in plants by adoption of immunosuppressive
machinery for its original host human.
Keyword : Alternative host, Arabidopsis plants, Shigella spp.
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In vitro Antiviral Activity of Abietane Aiterpenoids Isolated from
Torreya nucifera by Disrupting of Influenza Virus Replication

High-Resolution Cost-Effective Compact Portable Microscope for
in-situ Bacterial Imaging and Monitoring
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Despite the availability of vaccines and antiviral drugs, influenza
remains a major worldwide plague. The emergence of resistance to
anti-influenza drugs has prompted a search for new antiviral strategies.
In this study, we evaluated anti-influenza activity and its underlying
mechanisms (such as PI3K-Akt, ERK, and NF-κB signaling pathways)
related in viral replication of the abietane diterpenoids isolated from
Torreya nucifera. Among the isolated diterpenoids, 18-hydroxyferruginol
(1) and 18-oxoferruginol (4) exhibited anti-influenza activity, with a
50% inhibitory concentration (IC50) value of 13.6 ± 1.4 and 18.3 ± 6.5
mM against A/PR/8/34 (H1N1), 12.8 ± 2.2 and 10.8 ± 0.1 mM against
A/Chicken/Korea/MS96/96 (H9N2), and 29.2 ± 1.9 mM against A/Hong
Kong/8/68 (H3N2) in post-treatment assay. During the virus replication
steps, two compounds inhibited stronger viral RNA in late stages (12‒18
h) than in early stages (3‒6 h). Moreover, two compounds inhibited the
PI3K-Akt signaling involved in the virus replication step at late stage.
ERK and NF-κB signaling pathways related to viral replication were also
notably inhibited by two compounds. In particular, blockade of
PI3K-Akt signaling by these compounds inhibited viral replication via
sabotage of influenza ribonucleoprotein nucleus-to-cytoplasm export.
These results suggest that the diterpenoids may be potent antiviral agents
that act by inhibiting the cellular signaling related in viral replication.
Keyword : Abietane diterpenoids, Torreya nucifera, Influenza virus

Commercial high-resolution optical microscopes are essential for
microscopy imaging; however, they are expensive and bulky, which
limits their use in point-of-care devices, resource-limited areas, and
real-time imaging of a sample in a large apparatus. In this study, we report
a novel compact (10 cm × 5 cm × 5 cm, without the light source)
lightweight (~0.5 kg) submicron-resolution inverted optical microscope
at low cost (~$ 300) specifically for observation of in-situ bacterial
growth. Our technique utilizes the proximity of the image sensor to a
commercial microscope objective lens for compactness of the
microscope. The use of an image sensor with a small pixel size helps to
reduce the information loss, which provides high-resolution images.
Moreover, our technique offers a freedom to tailor the design of
microscope according to the required resolution, cost, and portability for
specific applications, which makes it a suitable candidate for affordable
point-of-care devices. An imaging of the 1-h-grown bacterial strain E.
coli ATCC 25922 was performed and compared with that by the Nikon
microscope. The bacteria were grown in a monolayer to distinguish and
count a single bacterium in the microscopic images. As E. coli ATCC
25922 divides at 20-min intervals, a single bacterium should produce
a total of eight copies in 60 min through three successive divisions. The
bacteria in each colony were distinguishable and countable when
captured by our setup. The cost-effectiveness and compactness of our
device allows individual imaging setups to be used for observations of
a particular bacterial strain. This could help restrict the possible
interactions between different types of bacteria at the laboratory level.
Keyword : Portable microscope, bacterial imaging, submicron-scale
imaging
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Increasing antibiotic resistance have led to the development of new
agents inhibiting bacterial virulence rather than viability. In this study,
we performed high-throughput screening of 8,385 compounds and
identified CM14 that inhibits the activity of HlyU, a key transcriptional
regulator for the virulence of a fulminating human pathogen Vibrio
vulnificus. CM14 reduces HlyU-dependent expression of virulence
genes in V. vulnificus, thereby decreasing hemolytic activity against
human erythrocytes and impeding cytopathicity and cytotoxicity toward
human epithelial cells. Notably, CM14 significantly enhances the
survival of mice infected with V. vulnificus by alleviating hepatic and
renal dysfunction and systemic inflammation. Structural, biochemical,
and mass spectrometric analyses demonstrated a mechanism of CM14
that interferes with the DNA-binding activity of HlyU by inducing a
conformational change via covalent modification. Remarkably, CM14
decreases the expression of various virulence genes in other Vibrio
species and attenuates their virulence phenotypes. Since CM14 is not
toxic toward bacteria, human cells, and mice, this molecule could be
developed as an anti-virulence agent against HlyU-harboring Vibrio
species with a low selective pressure for inducing resistance.
Keyword : Vibrio vulnificus, HlyU, inhibitor
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Role of ppGpp in Antibiotic Susceptibility and Biofilm Formation
of Acinetobacter baumannii

Iron Represses Transcription of Components for the
leuO-Mediated Regulatory Circuits in Vibrio vulnificus
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Acinetobacter baumannii is an opportunistic pathogen in hospitals and
is a well-known important multidrug resistant microorganism.
Treatment of infections caused by A. baumannii nosocomial strains has
become increasingly problematic due to their resistance to antibiotics.
Furthermore, the ability of A. baumannii strains to form biofilms is
believed to play an important role in such resistance. (p)ppGpp are
secondary messengers involved in growth control and various stress
responses in bacteria. We investigated whether ppGpp are involved in
the pathogenesis of A. baumannii, through biofilm assays and antibiotic
susceptibility tests. A ppGpp-deficient A. baumannii strain exhibited
reduction in biofilm formation by more than 3-fold and was more
sensitive to most antibiotics. We found that the expression of csu operon,
which is important in pili biosynthesis for early biofilm formation, was
significantly reduced in the ppGpp-deficient strain. Antimicrobial
susceptibility tests showed high levels of trimethoprim and difference
in gene expression were related to bacterial efflux pump action. As a
result, ppGpp regulates gene expression for biofilm formation and
antibiotic resistance. This study is the first demonstration of the
association between ppGpp and antibiotic susceptibility in A.
baumannii. So far, multidrug resistance A. baumannii has no new
antimicrobial agent, so ppGpp can be a new therapeutic target for rational
drug design.
Keyword : Acinetobacter baumannii, ppGpp, antibiotic susceptibility

Vibrio vulnificus a causative agent for severe lethal septicemia on human
host employs a diketopiperazine compound cyclic (Phe-Pro) (cFP) as
a signal molecule. cFP binds to the inner membrane sensor protein ToxR,
which transduces the signal to the master regulator LeuO. This
cytoplasmic protein then induces expression of histone-like proteins
vHUa and b, which consequently modulate expression of the alternative
sigma factor RpoS. Our previous studies showed that iron modulates the
AI-2 signaling quorum sensing circuit through Fur, which is involved
in the regulation of expression of numerous pathogenic factors. We
extended our study on effect of iron on expression of components
associated with the cFP-mediated signaling pathway. We observed that
Fur-iron binds to the upstream region of the gene encoding the
cytoplasmic regulator LeuO, inhibiting the transcription. The Fur-iron
complex also inhibits the transcription of vhuaβ genes by competition
with LeuO that is necessary to induces expression of those genes
encoding histone-like proteins. We also confirmed that the expression
of the alternative sigma factor RpoS, transcription of which is stabilized
by vHUab is regulated by Fur-iron. However, expression of leuO, vhuaβ,
and rpoS are still affected by iron irrespective of Fur, suggesting that
additional factor(s) is involved in this regulation. We examined effect
of another iron-related function IscR. We found that IscR also affects
the expression of vhuα and β. These results highlighted the importance
of iron in modulation of virulence factors in the pathogenic Vibrio sp.
Keyword : Vibrio vulnificus, Iron, Fur, IscR, leuO, HU, RpoS
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Nitric oxide (NO) and its derivatives are important effectors of host
innate immunity, disrupting cellular function of infecting pathogens.
Transcriptome analysis of Vibrio vulnificus, an opportunistic human
pathogen, identified a set of genes induced upon exposure to NO. Among
them, VvhmpA (V. vulnificus hmpA), encoding a multidomain NO
dioxygenase, was the most greatly induced upon exposure to NO and
was thus further characterized. Absorption spectra demonstrated that
VvHmpA is a heme protein in which the heme iron can exist in either
reduced, NO-bound, or oxidized state. Biochemical studies revealed that
VvHmpA is a flavohemoglobin containing equimolar amounts of heme
and FAD as cofactors. The KM and kcat values of VvHmpA for NO at 37
℃, the temperature encountered by V. vulnificus in the host, were greater
than those at 30 ℃, indicating that VvHmpA detoxifies high levels of
NO effectively during infection. Compared with the wild type, the
VvhmpA mutant exhibited a lower NO-decomposition activity and
impaired growth in the presence of NO in vitro. Also, the cytotoxicity
and survival of the VvhmpA mutant infecting the NO-producing murine
macrophage cells were lower than those of the wild type. Furthermore,
the mouse lethality of the VvhmpA mutant was reduced compared to that
of the parental wild type. The combined results revealed that VvHmpA
is a potent virulence factor that is induced upon exposure to NO and
crucial for the survival and pathogenesis of V. vulnificus during infection.
Keyword : Nitrosative stress, flavohemoglobin, VvHmpA

Vibrio vulnificus produces cyclo(L-Phe-L-Pro) (cFP), which plays a role
as a signal molecule inducing the expression of sets of genes. A cFP signal
is sensed by the inner membrane protein ToxR and, as shown through
isothermal titration calorimetry (ITC) analysis, binds specifically to the
periplasmic domain of ToxR. Binding of cFP triggers a change in the
cytoplasmic domain of ToxR, which then activates transcription of leuO
encoding a LysR-type regulator. We found that LeuO negatively
regulates the expression of itself by binding to the region upstream of
its coding gene. Moreover, we confirmed that the DNA bending
mechanism is related to the self-regulation of leuO by in vitro pull down
assay. In addition, H-NS, which weakly represses leuO expression,
bound to multiple sites in the upstream region that overlap with both
LeuO and the ToxR binding sites. In addition, iron represses
LeuO-mediated signaling through the binding of the regulator Fur to the
region upstream of the leuO promoter. Alignment of nucleotide
sequences of upstream regions of leuO genes from nine pathogenic
Vibrio spp. showed high homology, suggesting that such control patterns
and related factors are well conserved among pathogenic Vibronaceae.
Taken together, multiple environmental signals converge to control the
expression of LeuO, which itself is a master regulator that orchestrates
downstream regulators to modulate factors required for survival and
pathogenicity of the pathogen.
Keyword : leuO, cFP, Vibrio vulnificus
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Hepcidin-Ferroportin Axis Controls the Iron Content of
Salmonella-Containing Vacuoles in Macrophages

Resolving Pseudomonas aeruginosa Airway Infection by a
Commensal Microbe
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Macrophages release iron into bloodstream via the membrane-bound
iron export protein, ferroportin (FPN). The hepatic iron-regulatory
hormone hepcidin controls FPN internalization and degradation in
response to bacterial infection. Salmonella typhimurium is capable of
invading macrophages and proliferating in the Salmonella-containing
vacuole (SCV). Hepcidin is reported to increase the mortality of
Salmonella-infected animals by increasing the bacterial load in
macrophages. Here, we assess the iron levels and find that hepcidin
increases iron content in the cytosol but decreases it in the SCV through
FPN on the SCV membrane. Loss of FPN from the SCV via the action
of hepcidin impairs the generation of bactericidal reactive oxygen
species (ROS) as the iron content decreases. We conclude that FPN is
required to provide sufficient iron to the SCV, where it serves as a cofactor
for the generation of antimicrobial ROS rather than a nutrient for
Salmonella.
Keyword : Salmonella, hepcidin, ROS

We illustrate transplanting Staphylococcus epidermidis in mouse airway
confers host resistance to subsequent Pseudomonas aeruginosa
infection. To explain the airway commensal-pathogen interaction, we
focused on possible inhibitory roles of S. epidermidis in pathogen
colonization because S. epidermidis is a dominant species in the human
nasal cavity. Forty-nine human clinical isolates of S. epidermidis were
categorized based on their capabilities to produce protease and/or
mucinase. Of note, mice transplanted with S. epidermidis strain, SE5,
that produces both protease and mucinase exhibited enhanced survival
rate in response to the P. aeruginosa infection. Furthermore, the number
of P. aeruginosa PAO1 cells recovered from SE5-transplanted group was
significantly smaller than that recovered from control group.
Interestingly, SE5 colonized mouse nasal cavity very well during or until
overcoming P. aeruginosa PAO1 infection compared to the other S.
epidermidis strains. These results strongly suggest that host
susceptibility to P. aeruginosa airway infection is affected by the
presence of a unique commensal microbe. We next asked whether
differential in vivo susceptibilities to P. aeruginosa infection are
mediated by direct microbe-microbe interactions. Surprisingly, S.
epidermidis stain, SE11, cell viability constantly remained in in vitro
co-culturing with P. aeruginosa unlike the other stains that a complete
loss of viability was observed. We then monitored P. aeruginosa in vitro
growth in culture supernatant of each S. epidermidis strain. The result
shows that P. aeruginosa growth was inhibited by certain factors of S.
epidermidis SE11 and SE5 supernatant, but not of other supernatants.
In addition, the profiled proteins of SE11 and SE5 were significantly
different from the other strains. In these findings, we hypothesize that
certain proteins and metabolites produced by S. epidermidis might act
as an antimicrobial agent and contribute to host immunity against P.
aeruginosa infection. In conclusion, we propose the potential use of a
resident microbe as a way to develop novel therapeutics to prevent P.
aeruginosa colonization and infection in human respiratory tract.
Keyword : Pseudomonas aeruginosa, Staphylococcus epidermidis,
airway commensal
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Vibrio vulnificus, a causative agent of food-borne illnesses and
life-threatening septicemia, possesses numerous virulence factors.
Among them, a cytolysin/hemolysin VvhA, essential for hemolytic
activity of the bacteria, is known for inducing host cell death in a
destructive manner. However, the regulatory characteristics of vvhBA
at the transcriptional level has not been yet elucidated in detail. qRT-PCR
analysis showed that vvhBA is preferentially expressed in V. vulnificus
exposed to mouse blood. Furthermore, vvhBA expression was growth
phase-dependent, reaching its maximum during the stationary phase.
Examining the influences of global regulatory proteins on the vvhBA
transcription demonstrated that IscR and HlyU additively activate
vvhBA, whereas H-NS represses vvhBA. Western blot analyses revealed
that the cellular levels of IscR, HlyU, and H-NS were not significantly
affected by one another, indicating that the regulatory proteins function
cooperatively to regulate vvhBA rather than sequentially in a regulatory
cascade. EMSAs and DNase I protection assays demonstrated that the
regulatory proteins directly bind to specific sites within the vvhBA
promoter, PvvhBA. Competitive EMSAs indicated that the additive
binding of IscR and HlyU to PvvhBA alleviates the repression of vvhBA
by H-NS. Interestingly, upon exposure to nitrosative stress or iron
starvation, the vvhBA expression was induced by increased cellular
levels of IscR. The combined results suggest that IscR, HlyU, and H-NS
function cooperatively to precisely regulate the vvhBA expression in
response to environmental changes that V. vulnificus encounters in the host.
Keyword : Vibrio vulnificus, hemolysin, transcriptional regulation
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A pathogenic marine bacterium Vibrio vulnificus forms biofilms to
colonize and persist in environmental niches. V. vulnificus CabA is an
extracellular matrix protein crucial for the structural integrity of robust
biofilms. BrpT and BrpR are transcriptional regulators involved in
biofilm formation of V. vulnificus. To examine the roles of two regulatory
proteins in cabA regulation, the isogenic mutants deficient in BrpT,
BrpR, or both BrpT and BrpR were constructed from a parent strain
JN111. Transcript analysis of the V. vulnificus strains in biofilms revealed
that cabA is activated by both BrpT and BrpR, and brpT is activated by
BrpR. While BrpT activates cabA in the absence of BrpR, BrpR activates
cabA only in the presence of BrpT, suggesting that BrpT and BrpR
function sequentially in a regulatory cascade. EMSA and DNase I
protection assay, together with the deletion analysis of the cabA promoter
PcabA, indicated that BrpT activates cabA by direct binding to the
specific sequences of PcabA. Crystal violet staining revealed that the
level of biofilm formation was reduced in the isogenic mutants relative
to that in JN111 under elevated c-di-GMP condition. Microscopy
analyses of the colony morphology and biofilm structure produced by
JN111 and its isogenic mutants showed that only JN111 developed rugose
colony morphology and robust biofilms. The combined results indicated
that BrpT and BrpR positively regulate the cabA expression in a regulatory
cascade, leading to the development of well-structured biofilms.
Keyword : Vibrio vulnificus, biofilm, extracellular matrix protein

