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Environmental sequencing, that is metagenomics, has become a major driver for uncovering microbial
biodiversity and increasingly also for cataloging molecular functions on our planet. The exponentially increasing
metagenomes need computational tools and resources to allow researchers to access and digest these valuable
data. Based on computational methods and resources, often developed in our group, but also utilizing public
resources, here I (i) introduce into our work on the gut microbiome, from basic understanding, via diagnostics
towards therapeutic guidance and (ii) show on how to apply the underlying concepts to other habitats, like ocean
and soil, to arrive at basic understanding of the underexplored microbial diversity on earth. This includes how
molecular function is evolving and spreading and, in analogy to microbial diagnostics and treatment for human
health, prepares the grounds for bioindicators and remediation strategies in various habitats towards improving
planetary health.
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Department of Physiology, Maastricht University, 2Mosa Meat, B.V., Netherlands

Since the start of scientific development of cultivated meat in 2005 major steps have been made to convert this
medical technology into a food production process. Whereas some of the developments remain based on results
and concepts derived from the far larger and better funded regenerative medicine research, additional challenges
force the cultivated meat society to pursue divergent routes. The unimaginable scale of cell/tissue production and
need for low-cost production are challenges of technical and logistic nature. Not only rigorous optimization of
existing processes but also novel scientific development is required to overcome these challenges. Biomaterials and
coatings play a big role in this innovation. They are currently necessary as scaffolds for cell and tissue production,
and their use will be extended when more complex tissues are being created. To reduce the cost of production,
feedstock that is traditionally pharma-grade will be exchanged for food-grade substitutes and likely cruder
hydrolysates. Consumer related challenges of a more ethical nature are also different between medical and food
applications. The need for animal-component free culture of cells and tissues, abstinence of antibiotics and, for
some consumers, genetic modification severely limit the solution-space available to developers of cultivated meat
and for materials needed. At the same time, consumers are increasingly willing to accept alternative sources of
meat, giving the field an appreciable tailwind. With the huge potential for improvement and extension of applied
tissue engineering for food, this will be an exciting scientific endavor for the next couple of decades. Worldwide,
including Korea, an increasing number of biomedical scientists are working towards solutions that make cultivated
meat a reality.

149

Plenary
Lectures

Cultivated Meat: State of the Art

49th Annual Meeting & International Symposium

2022 KMB Selected Five Leading Technologies in Microbiology and Biotechnology

The Korean society for
Microbiology and Biotechnology

PL3

Hocheol Lim1,2, Hyeon-Nae Jeon2, Sang Won Lee2, Min Hyung Cho2,
Jae-Gu Pan3, and Kyoung Tai No1,2,4*
1

Graduare School, Integrative Biotechnology & Translational Medicine, Yonsei University, Incheon 21983, Republic of Korea,
Bioinformatics and Molecular Design Research Center, Incheon 21983, Republic of Korea, 3Genofocus Inc., Daejeon 34014,
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2

Various computer-based design methods have been introduced into the field of biotechnology and have
produced many achievements not only in academic researches but also in industrial applications. The
computational method for molecular and material design can be divided into a data-based artificial intelligence
model and a mechanics(energy)-based system simulation method. In particular, recently, many design techniques
in which these two methods are hybridized have been proposed. The dramatic increase in computing power over
the past decade has enabled the development of highly predictive artificial intelligence (deep learning) and precise
calculations of large molecules using quantum chemical calculations. (Post HF MO)
In this presentation, we will introduce a protein engineering platform that we have been constructing using
both AI and mechanics methods, CARPET.
The functions included in CARPET are as follows,
• Generating phylogenetic tree using protein sequence data and generate protein mutation pool for improving
binding affinity, thermal stability, and physical properties.
• Protein-substrate & protein-protein binding analysis using post-HF Fragment Molecular Orbital (FMO)
(Using 3D-SPIEs).
• Computational Mutagenesis using Free Energy Perturbation (FEP), Thermodynamic Integration (TI), Neural
Network Potential (NNP), and FMO methods.
• Confirm the designed structures and their functions using Cryo-EM, especially Single Particle Analysis (SPA).
• Protein design through mutation that shows high stability to heat and protease.
• Design of the CDR region and Fc region of antibody for better affinity and specificity.
• Suggestion of good buffer formulation for specific protein.
In this presentation, we will present a brief introduction on the technologies included in the CARPET and some
applications using the CARPET.
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Bernhard O. Palsson
University of California, San Diego, 9500 Gilman Drive, La Jolla, CA 92093, USA

We have reached the point in time where we can realistically contemplate the design of entire genomes. This
will open a new and fundamental chapter in the history of engineering applied to life science. One can thus
hypothesize that a new fundamental engineering discipline will emerge during the 2020s, and most likely the first
Departments of Genome Engineering will be in operation at leading universities around the world by 2030.
Engineering disciplines are built on similar foundations, including, system definition, measurement, modeling
(mechanistic and phenomenological), construction, and control. We now have genome-wide capabilities to build
these foundations for Genome Engineering.
The need to integrate knowledge-types into big data analytics, often referred to as explanatory-artificialintelligence (xAI), is growing. Existing genome-scale modeling tools are well positioned to play an important role,
but they must be integrated with big data analytics. This talk will describe progress with three approaches to such
knowledge enrichment: 1) the use of Independent Component Analysis (ICA) to define independently modulated
sets of genes in bacterial transcriptomes, 2) the use of pangenome analysis for the thousands of bacterial genome
sequences being generated, and 3) the use of genome-scale computational biology models to predict phenotypes.
The design of genomes will happen at bio-foundries in the 2030s. Such Foundries are structured around 4-steps:
Design->Build->Test->Learn. We now have the tools to operate all four steps at the genome-scale.
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RNA nanoformulations have received much attention for their role in bringing the covid pandemic under
control. However, vaccines represent only a fraction of the broad potential use of nucleic acids in human
therapeutics. A central challenge to all of these therapies is the need to deliver nucleic acids inside of specific
tissues in the body. Here we describe our work building nanoparticulate, intracellular delivery systems for nucleic
acid therapy and gene editing. Nanoparticles made from degradable polymers and lipid-like materials have been
developed as delivery systems for a range of macromolecular payloads, and can facilitate in vivo delivery, enabling
gene suppression with siRNA, gene expression with coding RNA, or permanent genetic editing using the CRISPR/
Cas9 system. A second focus of our work is on the development of living therapeutics, where engineered cells
might act as in vivo bio-reactors, providing drug as needed in the patient. We have developed biomaterials that
can act as an immune isolating barriers, enabling non-autologous cells to survive and function without the need
for immune suppression. These devices show particular promise as vehicles for the treatment of diabetes. When
formulated into microcapsules these materials enable functional, long-term islet transplantation in immune
competent, diabetic rodents and non-human primates.
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2
Nucelis LLC, CA 92121, USA, 3Cibus US LLC, CA 92121, USA

Cibus is a leading agricultural trait development company, with Nucelis being a division that employs systems
biology approaches to enable the development of new or improved products in microbial strains.
Our companies share RTDSⓇ (Rapid Trait Development System™) a form of oligonucleotide-directed
mutagenesis for precision genome editing that employs single-stranded oligonucleotides (ssODNs) to precisely
and efficiently make targeted edits in plasmid, episomal, and chromosomal DNA of bacterial, algal, fungal,
mammalian, and plant systems. This mode of gene editing is considered “mutagenesis,” as stated in a recent EU
(European Union) study on the safety of gene edited traits in plants in which the outcomes of ODM as well as
other key components of our RTDS technology platform do not pose more hazards than conventional breeding.
As such, it is an attractive technology for GM-sensitive applications.
In this talk, we will describe applications of RTDS and present data on how simultaneous delivery of gene
repair oligonucleotides (GRONs) in combination with site-specific DNA double strand breakers, such as TALENs
or CRISPRs, enabled precise outcomes at a much greater editing frequency compared to treatment with DNA
double strand-breaking reagents alone. Examples will be presented on this for microbes, algae, as well as plant
protoplasts which are regenerated into whole plants.
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Streptomyces, Old But Always New Friend
Soon-Kwang Hong
Department of Bioscience and Bioinformatics, Myongji University, Yongin 17058, Republic of Korea

microorganisms was first discovered in the world. Most streptomycetes exist in the soil and can be said to be an
ecosystem protector that plays a role as a decomposer in the ecological cycle. Streptomycetes have evolved suitable
for this purpose and have the ability to produce various hydrolytic enzymes for the decomposition of organic
matter scattered around, especially polysaccharides, proteins, and fats. It has attracted attention as a model study
of morphological differentiation because it is the only eubacterium that undergoes morphological differentiation
to form true spores in its life cycle. Moreover, it exhibits physiological differentiation that produces various
secondary metabolites at the time of initiation of morphogenesis, and many studies on regulatory mechanisms
controlling morphogenesis and secondary metabolites biosynthesis have been conducted. As a result, it was found
that numerous DNA binding proteins, protein kinases, and small molecules such as γ-butyrolactone constitute a
complex regulatory network, and our laboratory has made a significant contribution to this area in Streptomyces

coelicolor.
Streptomyces coelicolor has been studied the most in the genus Streptomyces because of its ability to produce
pigmented antibiotics (actinorhodin and undecyl prodigiosin) that can be easily identified by naked-eye, and is
the first microorganism whose genome has been analyzed. As far as we know, Streptomyces coelicolor is the only
species in the genus Streptomyces with agar-degrading ability. Based on genomic sequence data, agar degradation
and metabolism-related genes of this bacterium form a cluster on the chromosomal DNA, which is flanked by the
transposase genes. We have studied the functions of these genes, which are thought to have been horizontally
transferred by transposons in the past, and the functions of the only regulatory gene present in the cluster.
Surprisingly, the dagR gene encoding LacI-family transcriptional regulator controls all the gens in the cluster at
the transcription level and is also deeply involved in the regulation of morphological differentiation and
physiological differentiation of Streptomyces coelicolor. In addition, various biological activities of neoagarooligosaccharides prepared with agar-degrading enzymes and our efforts for industrialization as a new dietary
ingredient of neoagaro-oligosaccharides will be also presented.
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Microbiome Contributions to Drug Metabolism
Andrew L. Goodman
Microbial Sciences Institute and Department of Microbial Pathogenesis, Yale University, New Haven, CT 06520, USA

Oral medicinal drugs can exhibit incomplete absorption in the upper gastrointestinal tract or reach the gut after
enterohepatic circulation. In these circumstances, drugs encounter enormous densities of commensal microbes,
suggesting that microbiome-targeted interventions may be a means to modulate exposure to drugs and drug
metabolites in the GI tract and in circulation. However, the contribution of the microbiome to these processes is
I will describe examples that suggest that gut microbial activity can be responsible for a significant portion of
systemic exposure to a toxic drug metabolite, even if the drug exhibits high bioavailability, if the same metabolite
is readily produced by hepatic extracts in vitro, and if drug metabolite levels are low in feces. I will also introduce
our efforts to explore the spectrum of microbiome-encoded drug metabolizing activities and to identify microbial
genes that predict the capacity of an individual’s gut microbiome to metabolize a drug.
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Gastric Microbiota of Patients with Different Disease States and
Transplantation to Germ-Free Mice
Soon-Kyeong Kwon1,2, Jae Kyung Yoon2, Kwang H. Kim3, Jun Chul Park4, Ki Taek Nam3*,
Yong Chan Lee4*, and Jihyun F. Kim2*
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Division of Life Science, Gyeongsang National University, Jinju 52828, Republic of Korea, 2Department of Systems Biology
and Division of Life Sciences, Yonsei University, Seoul 03722, Republic of Korea, 3Severance Biomedical Science Institute,
Yonsei University College of Medicine, Seoul 03722, Republic of Korea, 4Department of Internal Medicine and Institute of
Gastroenterology, Severance Hospital, Yonsei University College of Medicine, Seoul 03722, Republic of Korea

used for medical purposes such as prevention or treatment of infectious or non-infectious diseases, is the latest
practical application of microbiome research. We are in the process of finding pharmabiotic candidates to be used
for gastric illnesses including gastric cancer (GC), which is one of the leading causes of cancer-related mortality in
Korea. Results of the gastric microbiota analysis of patients and non-patients will be used to derive microbial
species that are characteristic of each group. At the same time, we have been constructing a gastric microbiome
culture collection for the purpose of securing strains to be used for pharmabiotics, and a humanized mouse model
of gastric cancer to test the efficacy of selected pharmabiotic strains. To construct humanized gastric mouse
model, we transplanted gastric microbiota from human patients to germ-free mice and compared gastric
microbiota profiles between patients with GC in comparison with non-cancer patients. This study allows us to
understand the gastric microbiota structure related to carcinogenesis and provide us useful model analyzing the
causality of associations in human gastric microbiome studies.

159

International
Symposium

The development of pharmabiotics, which are commensal microorganisms (or their metabolites) that can be

49th Annual Meeting & International Symposium

2022 KMB Selected Five Leading Technologies in Microbiology and Biotechnology

The Korean society for
Microbiology and Biotechnology

IS1-3
Mutual Regulation between the Host and Symbionts
in Health and Diseases
Soo-Jeong Kwon, Sang-Hyun Cho, Yong-Joon Cho, and Joo-Hong Park*
School of Biological Sciences, Seoul National University, Seoul 08826, Republic of Korea

The mammalian gastrointestinal tract accommodates trillions of bacteria, which play important roles in host
immunity and metabolism. The gut microbiome modulates the development of the immune system, including
intestinal T cells that express RORγt in the intestine, thereby maintaining immune homeostasis. Compositional
inflammatory diseases. Conversely, the host immune system can influence the colonization of symbiotic bacteria
in a diet-dependent manner. In addition to immunity, symbiotic bacteria also regulate host lipid metabolism. The
human symbiont Bacteroides thetaiotaomicron promotes lipid digestion and absorption in the intestine,
aggravating metabolic disorders. B. thetaiotaomicron inhibits expression of the gene encoding a lipoprotein lipase
inhibitor, angiopoietin-like protein 4 (ANGPTL4), thereby increasing lipase activity in the small intestine.
Collectively, these findings suggest that mutual regulation between the host and symbiotic bacteria is essential for
host health and diseases.
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Hyun Ju You1,2,3
1

Department of Environmental Health Sciences, Graduate School of Public Health, Seoul National University,
Seoul 08826, Republic of Korea, 2Bio-MAX/N-Bio, Seoul National University, Seoul 08826, Republic of Korea,
3
Microbiome Therapeutics Institute, KoBioLabs, Inc., Seoul 08826, Republic of Korea

Nonalcoholic fatty liver disease (NAFLD) is associated with obesity but also found in non-obese individuals.
and an independent Western cohort was used for external validation. Subjects were classified into three subgroups
according to histological spectra of NAFLD or fibrosis severity. Significant alterations in microbiome diversity
were observed according to fibrosis severity in non-obese, but not obese, subjects. Ruminococcaceae and

Veillonellaceae were the main microbiota associated with fibrosis severity in non-obese subjects. Furthermore,
stool bile acids and propionate were elevated, especially in non-obese subjects with significant fibrosis. Fibrosisrelated Ruminococcaceae and Veillonellaceae species underwent metagenome sequencing, and four representative
species were administered in three different mouse NAFLD models to evaluate their effects on liver damage.
NAFLD is also associated with high carbohydrate (HC) intake. Stool samples were collected from 204 Korean
subjects with biopsy-proven NAFLD (n=129) and without NAFLD (n=75). Hepatic DNL-related transcripts were
also analyzed (n=90). Data from the Korean healthy twin cohort (n=682), a large sample of individuals without
NAFLD, were used for comparison and validation. Consuming an HC diet is associated with alteration in the gut
microbiome, impaired glucose homeostasis, and upregulation of hepatic de novo lipogenesis genes, altogether
contributing to NAFLD pathogenesis.
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DNA Sequence
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University of Science and Technology, Daejeon 34113, Republic of Korea

A deep learning model is developed for the prediction of essential genes in microbial organisms. We collected
classified into essential and non-essential genes, respectively. The modified convLSTM model which has an
additional layer of amino acid properties extracted from the DNA sequence were proposed and compared its
performance with that of a conventional convLSTM model. The AUC-ROC and MCC of the proposed model
were 0.95 and 0.45 which are slightly better than those of the conventional convLSTM model. But the proposed
model has approximately 8 times lesser number of parameters and approximately 10 times faster convergence time
than the conventional convLSTM model. Gene ontology analysis reveals that the positively predicted genes are
largely involved in transporter, gene-specific translational regulator, and metabolite inter-conversion enzyme,
which are rather reasonably explained in terms of the essentiality. This study is valuable in developing a deep
learning model that can predict essential genes using only DNA sequence information. We anticipate that this
approach will contribute to investigating the biological functions of genes and easily applied to other deep-learning
studies with DNA sequence.
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Development of Neutralizing Antibody against All SARS-CoV-2
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Bo-Seong Jeong1 and Byung-Ha Oh1,2*
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Therazyne Co. Ltd., Daejeon 34141, Republic of Korea

Computational protein design has become a powerful approach for creating valuable proteins. We have
developed a computational pipeline to discover antibodies that bind to a pre-defined surface of target proteins,
domain (RBD) of the SARS-CoV-2 spike glycoprotein of all currently circulating variants of the virus, including
Omicron, with potent affinity (pico- to femtomolar dissociation constants, KDs). Initially, a lead antibody was
computationally discovered using sequence design protocols in the Rosetta software suite, and crystallographically
validated to bind, albeit weakly, to a highly conserved surface of the RBD of wild-type SARS-CoV-2 (Wuhan
strain). Subsequently, a tightly binding Ab (K D=7.2 nM) was developed through experimental affinity
enhancement. This then served as a template for the quick computational discovery of an antibody that binds the
RBD of the Alpha variant (with the N501Y mutation) with extremely high affinity (KD < 1 pM). Consistently,
D27LEY exhibited a strong in vitro neutralization activity against the wild-type virus and the Alpha, Delta and
Omicron variants.

164

International
Symposium

which led to the discovery and development of a human neutralizing antibody that binds to the receptor-binding

49th Annual Meeting & International Symposium

2022 KMB Selected Five Leading Technologies in Microbiology and Biotechnology

The Korean society for
Microbiology and Biotechnology

IS2-3
Robust De Novo Design of Protein Binding Proteins from
Target Structural Information Alone
Longxing Cao*
Department School of Life Sciences, Westlake University, Hangzhou 310030, P.R. China

Protein-protein interaction plays a key role in almost all the fundamental life processes, such as virus infection,
immune recognition and cell signaling transduction. Designing de novo proteins that could specifically interact
with native proteins has shown great potential for drug development and new diagnostic tools. Historically, binder
crystal structures. The ability to design protein binders without using any of the native complex information could
broadly expand the horizon of “computationally targetable” protein targets. I will present a method to design de
novo protein binders to natural targets where the only information required is the target structure. Successful
application of this method to several natural proteins will be shown, including designing picomolar miniprotein
inhibitors that could neutralize the SARS-CoV-2 virus. More generally, the approach now enables targeted design
of binders to sites of interest on a wide variety of proteins for therapeutic and diagnostic applications.
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human civilization throughout the last two years. Since the discovery of a human common cold virus, B814, in
1965, seven human coronaviruses (hCoVs) have been identified: 229E, NL63, OC43, HKU1, SARS-CoV, MERSCoV, and SARS-CoV-2. Coronaviruses use discontinuous transcription to produce several types of subgenomic
messenger RNAs (sgmRNAs) from a single transcription start site by skipping certain regions during
transcription. Transcription regulatory sequences (TRSes), present in the donor and acceptor sites of template
switching, instruct continuous transcription. The stochastic template switching shapes the viral transcriptome and
proteome, and it also often triggers recombination between unexpected sites within a viral genome or between
different viral strains infected in the same host cell. Identifying the precise mechanism of template switching could
allow the prediction of transcriptome structural changes or novel peptides in emergent strains and disrupt the
production of viral structural proteins. We sequenced the transcriptomes of cells infected with one of six human
coronaviruses using three complementary techniques: short-read poly(A)+ and total RNA sequencing, and
nanopore direct RNA sequencing. We identified the conserved and divergent molecular determinants of human
coronaviral discontinuous transcription by comparing transcript structures, strand-specific quantities, and
template switching frequencies. In addition, we constructed a machine learning model that predicts templateswitching activity from sequences near TRS combinations. Some recombination events observed in the viral
genomes sequenced during the COVID-19 pandemic were adequately predicted by our model. Our update to the
pan-coronaviral template switching mechanism would enable monitoring of continuously changing viral strains
for the emergence of novel viral proteins and genomic recombinations that might impact the viral pathogenicity.
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Identification of Key Metabolic Microbes of Amino Acids
Associated with Health and Diseases in the Human Gut
Mahrukh Butt, Jae Kyeong Lee, Hye Su Jung, Kyung Hyun Kim, Baolei Jia, and Che Ok Jeon*
Department of Life Science, College of Natural Science, Chung-Ang University, Seoul 06974, Republic of Korea

The human gut microbiota impacts host metabolism and has been implicated in the pathophysiology associated
with host’s various health and metabolic syndromes. However, because of the complexity of the gut microbiomehost ecosystem and host physiologies, investigating the effects and metabolic activities of gut microbes on host’s
role in human health. In particular, the metabolisms of aromatic amino acids, including tryptophane and histidine,
in human gut are important because it has been reported that their metabolisms are closely associated with various
human health and diseases. Here, we introduced an approach to discover and characterize microbes showing a key
metabolic activity in human gut through sequence similarity network and genome neighborhood network
analyses of tryptophane- and histidine-metabolic genes using human gut microbiome data. This information can
contribute to future diagnostic and therapeutic applications of key metabolic bacteria for improving human health
and preventing human diseases associated with tryptophane and histidine metabolisms.
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Dietary Fibers as Modulators of Colonic Microbiota and Health
Yunus Emre Tunçil
Department of Food Engineering, Necmettin Erbakan University, Konya, Turkey

The human colon is home to trillions of microorganisms, which are physiologically important for the host
health. For example, in case of symbiosis, these organisms have been shown to stimulate immune system, aid in
digestion and absorption of nutrients and inhibit pathogen colonization in the colon. On the other hand, in case
of dysbiosis, this community could trigger the formation of chronic diseases including cancer, inflammatory bowel
balance for better health. There are many factors affecting colonic microbial composition such as host genetics,
age, health status, sex and diet. Among these factors, diet, especially dietary fibers, have been accepted as one of
the important ones, because some members of colonic microbiome require this undigestible dietary substances to
fulfill their energy requirements. Dietary fibers can be considered as one of the most diverse compounds found in
the earth due to possessing different structural properties. Considering that dietary fiber utilization abilities of
colonic microbiota is tightly tuned to its structural features, different fibers varied in structural characteristics
drive to modulation of colonic microbiota composition, its function and related health outcomes. In this
presentation, firstly the interactions between dietary fiber and colonic microbiome will be covered, and then
future opportunities to modulate colonic microbiota (and its function) for improved health will be discussed.
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Korean Red Ginseng Presents an Anti-Obesity Effect via
Modulation of Gut Microbiome
Sung-Gook Cho and Gi-Seong Moon*
Major of Biotechnology, Korea National University of Transportation, Jeungpyeong 27909, Republic of Korea

Although the anti-obesity effect of Korean red ginseng (Panax ginseng Meyer) has been revealed, its underlying
mechanisms are not clearly understood. Here, we demonstrate an involvement of gut microbiome in the inhibitory
effect of Korean red ginseng on high-fat-diet (HFD)-induced mouse obesity, and further provides information on
were fed with either SGE or GE every third day for one month, and their food intakes, fat weights, plasma glucose,
and insulin and leptin levels were measured. Immunofluorescence assays were conducted to measure pancreatic
islet size. Stools from the mice were subjected to metagenomic analysis. Both SGE and GE attenuated HFDinduced gain of body weight, reducing HFD-induced increase of food intakes and fat weights. They also reduced
HFD-increased plasma glucose, insulin, and leptin levels, decreased both fasting and postprandial glucose
concentrations, and improved both insulin resistance and glucose intolerance. Immunofluorescence assays
revealed that they blocked HFD-induced increase of pancreatic islet size. Our pyrosequencing of the 16S rRNA
gene V3 region from stools revealed that both SGE and GE modulated HFD-altered composition of gut
microbiota. Therefore, we conclude that Korean red ginseng inhibits HFD-induced obesity and diabetes by
altering gut microbiome.
Keywords: Gut microbiome, obesity, high-fat diet, Korean red ginseng, saponin
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Supplementation of Kimchi Alleviates Neuroinflammation by
Modulating the Gut-Brain Axis in Diet-Induced Obese Mice
Hak-Jong Choi
Kimchi 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. In this
study, we evaluated the suppressive effects of kimchi intake on obesity-induced inflammation in mice fed an HFD.
significantly reduced the body weight, fat mass gain, and levels of pro-inflammatory cytokines in serum.
Furthermore, kimchi diminished the HFD-induced activation of astrocyte and microglial cells (reactive gliosis, a
hallmark of CNS injury and inflammation) in hypothalamus region. IgG accumulation assay showed that kimchi
ingestion suppressed HFD-induced breakage of the blood brain barrier (BBB) via upregulating the expression of
tight junction molecules in cerebrovascular endothelial cells. In addition, kimchi modulated gut microbiome
profiles, which showed an increase in the abundance of Akkermansia muciniphila. Moreover, kimchi enhanced
acetate level and BBB integrity in A. muciniphila-colonized gnotobiotic mice. These results suggest that kimchi
may exert beneficial effects to prevent and ameliorate obesity and associated neuroinflammation by changing gut
microbiota composition and short-chain fatty acids production.
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Male C57BL/6 mice were fed an HFD or HFD with kimchi (pH 5.2–5.8). Oral administration of kimchi
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Determination of mRNA Fate by Alu Elements
Yoosik Kim
Department of Chemical and Biomolecular Engineering, Korea Advanced Institute of Science and Technology (KAIST),
Daejeon 34141, Republic of Korea

Long double-stranded RNAs (dsRNAs) are duplex RNAs that can induce an immune response when present in
mammalian cells. These RNAs are associated with viral replication, but recent evidence suggests that human cells
naturally encode endogenous dsRNAs. Similar to their viral counterparts, cellular dsRNAs are recognized by
dimerization and autophosphorylation. Activated/Phosphorylated PKR (pPKR) then regulates translation and
provides cue to multiple signaling pathways.
Our laboratory investigates the regulation and function of cellular dsRNAs through their interaction with RNAbinding proteins, including PKR. In particular, inverted repeats of Alus (IRAlus) can reside in the 3′ UTR of
numerous mRNAs and can form intramolecular dsRNA, which affect the subcellular localization and translation
of the host mRNA. However, the transcriptome-wide regulatory potential of these 3′ UTR IRAlus remains largely
unknown. Here, I present our recent effort in identification of IRAlus-containing mRNAs and the regulation of
these RNAs through alternative polyadenylation. Our analysis reveals that over 1,000 transcripts may contain
IRAlus in their 3′ UTRs. We further find that genes involved in the ubiquitin-mediated proteolysis are regulated
by the 3′ UTR IRAlus. Our work unveils the dynamic regulation of 3′ UTR IRAlus-mediated gene silencing
through alternative polyadenylation sites and suggests dsRNA structure as a regulator of numerous biological
processes.
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IS4-2
Lipid-Nanoparticle (LNP) Technology for mRNA Vaccines
Eun-Kyoung Bang*
Creative Research Center for Brain Science, Brain Science Institute, Korea Institute of Science and Technology,
Seul 02792, Republic of Korea

Vaccines prevent disease by injecting spedific antigens into the body and inducing production of antibodies to
the antigens. Vaccines can be classified according to the type of antigen to be injected. The viral vector vaccine and
mRNA vaccine, currently supplied as a COVID-19 vaccine, transfer the gene of antigens to the human body,
the antigen is specified when there is a platform. These advantages were prominent in the development of the
COVID-19 vaccine, and Moderna, the first company to enter clinical trials, entered phase 1 clinical trials only 69
days after outbreak, and it takes less than 10 months for mRNA vaccines to be approved for emergency use by the
FDA.
Although the concept of mRNA vaccine was already proposed in 1980s it did not develop significantly due to
its low stability and delivery efficiency. Before the COVID-19 pandemic came, clinical trials were already
underway with mRNA vaccines against various carcinomas, Zika, influenza, CMV, and etc. There were various
materials, such as protamine, dendrimer, and polymer, used to improve the stability and delivery of mRNA, but
among them, lipid nanoparticle (LNP) was already approved as a formulation for a new siRNA drug (OnpattroⓇ,
Alnylam) in 2018, so it was quickly applied to the COVID-19 mRNA vaccine. The LNP formulation of the
currently approved mRNA vaccine is not significantly different from that of OnpattroⓇ, and these delivery
technologies are all based on the same patent.
Based on my experience of delivery technique for siRNA delivery using varuous method such as direct
modification, conjugation, cationic lipid, and cationic polymer, my current research is related to LNP-based
mRNA vaccine delivery. In this lecture, I would like to review the LNP used in mRNA vaccine and briefly
introduce our current research.
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IS4-3
Leveraging mRNA Platform Technologies to Enable Pandemic
Supply of COVID-19 Vx
Tatenda Shopera1, Rodney Combs1, Andreas Kuhn2, Sriram Srinivasan1, Jason Lotvin3,
Jennifer Schoborg1, and Khurram Sunasara1
1

BioProcess R&D, Biotherapeutics Pharm. Sci, Pfizer Inc., Chesterfield, MO 63017, USA, 2RNA Biochemistry & Manufacturing,
BioNTech RNA Pharmaceuticals GmbH, Mainz, Germany, 3Vaccine Research Division, Early BioProcess Dev,
R&D Vaccines, Pfizer Inc., Pearl River, NY 10965, USA

On March 17, 2020 Pfizer and BioNTech announced that they would jointly develop BioNTech’s mRNA-based
companies and building from an earlier 2018 agreement to develop an mRNA-based influenza vaccine. Just 248
days later, on Nov 20, 2020 an Emergency Use Authorization was submitted to the FDA demonstrating that
mRNA vaccines have lived up to their promise of quick development times. This significantly rapid development
of a COVID-19 vaccine was enabled by leveraging mRNA platform technologies coupled with use of rapid process
development, scale-up and commercial manufacturing platform technologies. This talk will emphasize the lessons
learned and advantages of leveraging pDNA and mRNA platform technologies to rapidly expedite mRNA drug
substance process development enabling pandemic supply of a COVID-19 mRNA Vaccine.
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IS4-4
COVID-19 mRNA Vaccines against Major Variants of Concerns
Jong-Won Oh
Department of Biotechnology, Yonsei University, Seoul 03722, Republic of Korea

The COVID-19 pandemic is not yet over, and it appears to be becoming endemic in some countries where the
Omicron variant is waning. The current COVID-19 mRNA vaccine, which was developed using multiple platform
technologies and distributed for emergency use at an unprecedented speed, is based on the viral spike protein (S)
antigen of an early emerged S clade severe acute respiratory syndrome coronavirus-2 (SARS CoV-2, SCoV2). Over
of a new variant, almost every 6 months, including the currently prevalent Omicron variant of concern (VOC)
and a precedent VOC Delta variant. Due to the wide variability of the receptor binding domain of the S protein,
these VOCs are less reactive to neutralizing antibodies against the original vaccine antigen. In addition, even the
titers of these neutralizing antibodies decline within a few months after vaccination. Although S antigen-specific T
cells can contribute, albeit somewhat differently toward mutated S antigens, in clearing SCoV2, the search for
more effective mRNA vaccines against multiple VOCs or a currently prevailing VOC has become more urgent. In
parallel with the development of next-generation prophylactic mRNA vaccines, global efforts need to be made to
develop a therapeutic and broad-spectrum vaccine against SCoV2 and related coronaviruses. This presentation
will review the current status of the COVID-19 vaccine for VOCs and platform technologies that need to be
improved in the development of the second generation COVID-19 vaccine against VOCs, and will share our
results from recent studies of Delta and Omicron S antigen-targeting mRNA vaccines tested in mice, with a
particular focus on S antigen design and effective expression.
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the past two years, SCoV2 has undergone rapid adaptive evolution in the human population, leading to generation

49th Annual Meeting &
International Symposium

International
Symposium
Engineering in Green and White
IS5 Yeast

Biotechnology

49th Annual Meeting & International Symposium

2022 KMB Selected Five Leading Technologies in Microbiology and Biotechnology

The Korean society for
Microbiology and Biotechnology

IS5-1
Metabolic Engineering of Non-Conventional Yeast for Producing
Cellulosic Biofuels and Chemicals
Sangdo Yook1,2, Ye-Gi Lee1,2, and Yong-Su Jin1,2*
1

Department of Food Science and Human Nutrition,
Carl R. Woese Institute of Genomic Biology, University of Illinois at Urbana-Champaign, Urbana, IL 61801, USA

2

Non-conventional yeast strains, such as Yarrowia lipolytica and Issatchenkia orientalis, have received extensive
attention due to their potential to produce acetyl-CoA-derived products, such as lipids and polyketides and high
xylose, the second abundant sugar in cellulosic hydrolysates. Therefore, it is necessary to confer xylose metabolism
into Y. lipolytica and I. orientalis for producing cellulosic biofuels and chemicals. This study introduced a
heterologous metabolic pathway consisting of xylose reductase (XR), xylitol dehydrogenase (XDH), and
xylulokinase (XK) from Pichia stipitis into Y. lipolytica and I. orientalis strains. When the engineered Y. lipolytica
was evolved under xylose conditions, the evolved strains consumed xylose faster than their parental strain. Their
genome sequences were determined to identify genetic perturbations underlying the improved xylose utilization
phenotypes. The evolved Y. lipolytica utilized lignocellulosic hydrolysates with a 2.4-fold higher specific growth
rate and a 2.3-fold higher lipid titer than its parental strain. In order to construct a xylose metabolic pathway in

I. orientalis, an expression cassette with XR, XDH, and XK was integrated into an intended chromosomal locus in
the genomes of four I. orientalis strains isolated from various sources. The resulting I. orientalis strains produced
ethanol from cellulosic hydrolysates efficiently even under low pH conditions. These results suggest that

Y. lipolytica and I. orientalis can be employed for the enhanced conversion of lignocellulosic hydrolysates into
biofuels and chemicals.
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tolerances against harsh environmental conditions. However, Y. lipolytica and I. orientalis cannot metabolize
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IS5-2
Production of Micosporine-Like Amino Acids,
Natural Sunscreen Materials, in Yeasts
Sojeong Kim, Hyunbin Jin, and Ji-Sook Hahn*
School of Chemical and Biological Engineering, Seoul National University, Seoul 08826, Republic of Korea

Concerns about the health and environmental impacts of currently used sunscreen materials are driving the
demand for safe natural sunscreens. Mycosporine-like amino acids (MAAs) are secondary metabolites with UV
absorption properties produced in various microorganisms, particularly cyanobacteria and algae. By introducing
yeast strains efficiently producing various types of MAAs. MAAs are produced from sedoheptulose 7-phosphate
(S7P), an intermediated in the pentose phosphate pathway. Therefore, xylose, metabolized via the pentose
phosphate pathway, was used as a co-substrate with glucose to improve MAA production. By introducing different
biosynthetic genes and applying metabolic engineering strategies, we produced different types of MAAs including
mycosporine glycine, shinorine, phorphyra-334, and micosporin-2-glycine, demonstrating that yeasts are
promising hosts to produce these natural sunscreen materials.
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IS5-3
Yeast Metabolic Engineering to Produce Cosmetic Biomaterials for
Industrial Applications
Soo-Jung Kim
Department of Integrative Food, Bioscience and Biotechnology, Chonnam National University,
Gwangju 61186, Republic of Korea

Yeast systems have numerous advantages for industrial applications such as easy culture, high tolerance to harsh
fermentation condition and resistance to bacteriophage. Recent metabolic engineering is often harnessed to
produce 2,3-butanediol (2,3-BDO) with high titer and yield for industrial applications. First, high titer was
obtained in Saccharomyces cerevisiae by intensifying 2,3-BDO biosynthetic pathway and eliminating ethanol
pathway for redirection of carbon fluxes toward 2,3-BDO instead of ethanol. Second, cofactor engineering and
employment of industrial brewing yeast were attempted to reduce glycerol as a by-product and increase yield of
2,3-BDO, respectively. Additionally, I will talk about metabolic engineering to produce enantiopure meso-2,3BDO with 99.8% of theoretical yield of 2,3-BDO. As another cosmetic biomaterial, I will present sustainable
production of mycosporine-like amino acids, especially shinorine, from lignocellulosic biomass by metabolically
engineered S. cerevisiae. These results will support that metabolically engineered S. cerevisiae might be a good
host to produce cosmetic biomaterials for industrial applications.
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Development of Advanced Brewing Yeast
Do Hyoung Kim*
BIOCRAFT Inc., Wanju 55365, Republic of Korea

The process of making alcoholic drinks is known as brewing. This process relied on spontaneous fermentation
with complex mixtures of native/wild microorganisms. S. cerevisiae is a phylum division of fungi that can convert
sugar into ethanol, so it is widely used in the field of fermentation of alcohol. For centuries, humans have produced
alcoholic drinks using fermentative yeasts, Saccharomyces cerevisiae, of which wine and beer are the most welldrinks, the number of yeasts used in the brewing industry is surprisingly low. Furthermore, the current set of
commercial S. cerevisiae strains and its derived hybrids is insufficient to provide novel properties to beer and
wine, stressing the need for new and improved strains for the industry.
Recently, the brewing industry has been experiencing a period of change and experimentation primarily driven
by customer demand for product diversity. The greater diversity of yeast that can be applied in brewing, along with
an improved understanding of yeasts’ evolutionary history and biology, is expected to have a significant and direct
impact on the brewing industry, with potential for improved product diversity, brewing efficiency, and above all,
customer satisfaction.
Here, we introduce the modern approaches to brewing yeast design and development. This approach has
coincided with a greater appreciation of the role of yeast in determining the character of alcoholic drinks and the
widespread availability of powerful tools for yeast research.
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IS6-1
Systems and Synthetic Biology: Constructing Smart and
Programmable Microbes to Address Global Problems
Tae Seok Moon*
Department of Energy, Environmental and Chemical Engineering & Division of Biology and Biomedical Sciences,
Washington University in St. Louis, One Brookings Dr., Box 1180, St. Louis, MO 63130, USA

The past decade has witnessed the tremendous power of systems and synthetic biology in the creation of genetic
parts, devices, and systems, which helps understand complex biological systems. However, its potential for realprogrammable cells that are able to integrate multiple environmental signals and to implement synthetic control
over biological processes. My research interests are focused on developing microbes that are able to process
multiple input signals and to generate user-defined outputs. Specifically, I aim to build genetic programs in order
to control various bacterial processes such as gene expression, chemical reactions, and evolution. I will present
unpublished results of my research projects by discussing the potential and challenges of systems and synthetic
biology to address global problems, including plastic and agricultural waste issues, non-invasive diagnostics and
disease treatment using smart probiotics, sustainable bioproduction, and biocontainment of engineered
organisms.
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world applications has not been fully exploited. One of its promising applications is the construction of
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A New Yeast Biomanufacturing Platform for High-Value
Products from Oils or Fats
Dongming Xie*
Massachusetts Biomanufacturing Center, Department of Chemical Engineering, University of Massachusetts,
Lowell, MA 01854, USA

The United States produces more than 20 million tons of plant oils and animal fats every year, a value that is
about twice as much as total sugars produced. While sugars are used as the primary carbon source in current
considered as common agriculture commodities for food and feed applications and generate low or limited
economic values. Our research lab at UMass Lowell is trying to establish a new yeast biomanufacturing platform
that uses metabolically engineered yeast Yarrowia lipolytica to convert oils or fats into a series of high-value
products such as wax esters for application as biolubricants and omega-3 fatty acids for diet supplementary and
pharmaceuticals.
For biosynthesis of wax esters (WEs), which are used to replace the sources from Jojoba plant and Sperm
Whales, key genes such as fatty alcohols (FAR) and WE synthase (WES) were successfully expressed and
optimized in Y. lipolytica. When waste cooking oils were used to replace glucose as the sole carbon source, a 70fold increase in WE production was observed. The produced WEs contributed up to 56% (w/w) of the yeast
biomass, which is the highest level reported so far by any microorganisms.
For biosynthesis of omega-3 eicosapentaenoic acid (EPA C20:5), here we present the metabolic pathways and
fermentation strategies for direct conversion of canola oil into omega-3 EPA, which include (1) acceleration of oil
substrate uptake by increasing lipase activity, (2) enhancing intracellular omega-3 EPA formation and
accumulation via pathway engineering and optimization in fatty acid synthesis and metabolism, (3) minimizing
lipid leaking from the yeast cells, and (4) fermentation engineering to avoid limitations in mass transfer and
mixing. Our results showed that more than 50% improvements in omega-3 EPA production were observed when
the canola oil was used to partially or completely replace glucose as the carbon source. To our best knowledge, this
is the first research reporting a direct and efficient microbial conversion of a plant oil into a much more valuable
omega-3 oil at high titer and yield.
The strategy to enhance the production levels by overcoming the mixing and mass transfer issues in
fermentation processes with hydrophobic substrates will also be discussed in this presentation.

184

International
Symposium
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Engineering Molecular Translation Systems
Joongoo Lee*
Department of Chemical Engineering, Pohang University of Science and Technology (POSTECH),
Pohang 37673, Republic of Korea

Molecular translation systems provide a genetically encoded framework for protein synthesis. Engineering these
systems to incorporate non-canonical amino acids into peptides and proteins has opened many exciting
opportunities in chemical and synthetic biology. From a chemical engineer’s perspective, I will describe i) our
beyond natural limits and ii) my investigation into engineering the translational apparatus. I will then discuss our
goals and strategies to deepen fundamental understanding of the origin of life and enable new classes of functional
materials such as precision polymers, therapeutics, and biosensors.
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Efficient Production of Retinol in Yarrowia lipolytica by Increasing
Stability Using Antioxidant and Detergent Extraction
Hyemin Park1#, Dongpil Lee1#, Jae-Eung Kim1, Seonmi Park1, Joo Hyun Park1, Cheol Woong Ha1,
Minji Baek1, Seok-Hwan Yoon1, Kwang Hyun Park2, Peter Lee1*, and Ji-Sook Hahn2*
1

Bio Research Institutes, CJ CheilJedang, Suwon 16495, Republic of Korea,
School of Chemical and Biological Engineering, Institute of Chemical Processes, Seoul National University,
Seoul 08826, Republic of Korea

2

The demand for bio-based retinol (vitamin A) is currently increasing, however its instability represents a major

Yarrowia lipolytica. The β-carotene 15,15’-dioxygenase (BCO) cleaves β-carotene into retinal, which is reduced to
retinol by retinol dehydrogenase (RDH). Therefore, to produce retinol, we first generated β-carotene-producing
strain based on a high-lipid-producer via overexpressing genes including heterologous β-carotene biosynthetic
genes, GGS1F43I mutant of endogenous geranylgeranyl pyrophosphate synthase isolated by directed evolution, and

FAD1 encoding Flavin adenine dinucleotide synthetase, while deleting several genes previously known to be
beneficial for carotenoid production. To produce retinol, 11 copies of BCO gene from marine bacterium 66A03
(Mb.Blh) were integrated into the rDNA sites of the β-carotene overproducer. The resulting strain produced more
retinol than retinal, suggesting strong endogenous promiscuous RDH activity in Y. lipolytica. The introduction of

Mb.BCO led to a considerable reduction in β-carotene level, but less than 5% of the consumed β-carotene could
be detected in the form of retinal or retinol, implying severe degradation of the produced retinoids. However,
addition of the antioxidant butylated hydroxytoluene (BHT) led to a >20-fold increase in retinol production,
suggesting oxidative damage is the main cause of intracellular retinol degradation. Overexpression of GSH2
encoding glutathione synthetase further improved retinol production. Raman imaging revealed co-localization of
retinol with lipid droplets, and extraction of retinol using Tween 80 was effective in improving retinol production.
By combining BHT treatment and extraction using Tween 80, the final strain CJ2104 produced 4.86 g/L retinol
and 0.26 g/L retinal in fed-batch fermentation in a 5-L bioreactor, which is the highest retinol production titer ever
reported. This study demonstrates that Y. lipolytica is a suitable host for the industrial production of bio-based
retinol.
Keywords: Antioxidant, β-carotene, Detergent, Retinol, Yarrowia lipolytica
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IS7-1
Start-Up of a Venture Company Based on New Thermoplastic Starch
Hiroshi Uyama
Graduate School of Engineering, Osaka University, Suita, Japan

Reducing the plastics amount and developing marine-biodegradable plastics are important social issues related
to plastic waste. Using biomass as starting material for plastics contributes to global sustainability without
depletion of scarce resources, because of their large potential to substitute petrochemical derivatives to bio-based
ones in industries. Recently, we have developed marine-biodegradable composites consisting of cellulose and
starch, the most abundant two natural polymers. The durability lack of polysaccharides in water restricts their
reinforced hydroxypropyl starch (HPS) film, which has adequate strength and stability in water. The film exhibited
reduced swelling in water and enhanced mechanical strength in wet condition compared to neat TCNF or HPS
film because hemiacetal bonding was formed between TCNF and HPS. Furthermore, the addition of HPS
enhanced microbial growth, which increased the degradability of the TCNF/HPS film in marine conditions.
However, such a film was prepared by time-consuming solvent casting method and did not show thermoplasticity,
which is essential for plastic applications of materials.
Based on these backgrounds, we have developed a new thermoplastic starch (TPS) by a unique approach with
specially designed extruder technology and established a venture company, KYU Co., Ltd. in September 2021. We
named our TPS pellet “Golden Starch (GS)” because it looks golden. Starch itself does not show thermoplasticity,
but GS can blend a variety of common plastics such as polyethylene (PE) and polypropylene (PP) as well as
biodegradable plastics such as poly(lactic acid) (PLA), poly(butylene adipate-co-terephthalate) (PBAT), and poly
(butylene succinate) PBS by a conventional extruder to produce novel bioplastics with tuned properties.
The blending of GP with non-biodegradable PE or PP contributes to reduction of plastic usage and the resulting
PE/GS film prepared by inflation molding interestingly showed the improved mechanical properties in
comparison with PE. Our GS can be molded independently; thus multi-layer molded products with GS as one
layer can be manufactured. For example, KYU succeeded in the preparation of the three-layer film of PE/GS/PE
by inflation molding for the first time, which mechanical and gas barrier properties were higher than those of PE.
Thermoplasticity of GS enables the production of the plastics showing the enhanced biodegradability in soil and
marine conditions by blending PLA, PBAT, or PBS. Mechanical properties of the GS-containing biodegradable
plastics are easily tuned by the selection of the biodegradable polyesters and the blending ratio with GS.
KYU creates a fabless business model based on its own technology related to GS and collaborates with partner
companies (including under discussion). The mass production of GS is planned by the collaboration of the partner
company with KYU and shortly we can provide GS to our customers, leading to market spread of starchcontaining plastics.
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Development of AMD Therapeutics in Inspharmtech Co.
Seoyoung Park1 and Sangtaek Oh1,2*
1

Inspharmtech Co, 2Department of Bio and Fermentation Convergence Technology, Kookmin University,
Seoul 02707, Republic of Korea

Neovascular age-related macular degeneration is a common cause of irreversible vision loss in the elderly. Antivascular endothelial growth factor has been effective in treating pathological ocular neovascularization, but it has
limitations including the need for repeated intraocular injections for the maintenance of therapeutic effects in
decreased the expression of angiogenic/inflammatory factors and suppressed epithelial-mesenchymal transition in
retinal pigment epithelial (RPE) cells by inhibiting the Wnt/β-catenin pathway. In addition, it repressed the
expression of cyclin D1 and c-myc, downstream target genes of β-catenin, thereby inhibiting the proliferation of
human umbilical vein endothelial cells (HUVECs). In contrast, (–)-CGK012, enantiomer of (+)-CGK012, did not
affect the the levels of β-catenin and its target genes in RPE cells and HUVECs. Topical ocular instillation of (+)CGK012 significantly reduced choroidal neovascularization area in laser-induced choroidal neovascularization
rabbit model. Notably, (+)-CGK012 by topical ocular instillation was highly permeable to choroid tissue and
downregulated the levels of β-catenin and angiogenic/inflammatory factors in vivo. Our findings demonstrate that
(+)-CGK012 functions through suppression of the Wnt/β-catenin pathway with conceivable advantages over
existing cytokine-targeted anti-angiogenic therapies.
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most patients and poor or non-response to this agent in some patients. (+)-CGK012, a novel decursin derivative,
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Development of Alcohol Yeast for Beer Brewing and
Isoprenoid Production
Yong-Cheol Park1,2
1

Department of Bio and Fermentation Convergence Technology, Kookmin University, Seoul 02707, Republic of Korea,
2
BIOCRAFT Inc., Seoul 02718, Republic of Korea

A GRAS yeast of Saccharomyces cerevisiae is popular for brewery, winery and bakery industry and also has
been used as a workhorse for bioethanol, biochemical and biopharmaceutical production. As food and cosmetic
been screened, bred and genetically engineered. Even though wild types of Saccharomyces strains have almost
identical genotypes, they showed different phenotypes for baking and brewing. In this presentation, recent
research and industrial progresses in Saccharomyces strain development for beer brewing and metabolic
engineering for expanding its application to other fields are presented.
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ingredients, and active microorganism giving typical characteristics to many foods, Saccharomyces strains have
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The Great Digital Transformation & Bio Industry
Seung-Kyou Lee
Korea Biotechnology Industry Organization, Seongnam 13488, Republic of Korea

This is the age of digital transformation. Especially in the midst of the digital transformation caused by
COVID-19 pandemic, the bio industry is changing over and over, and it shows infinite possibilities through
change and convergence. Digital transformation is becoming the most talked about regardless of industries, and it
is no exception in the bio industry. Among them, digital healthcare is bringing innovation to the bio industry in
medical devices that quickly and accurately read with artificial intelligence technology are becoming a major
means for diagnosis, and in new drug development, AI is applied to all new drug development processes such as
drug design, preclinical design, and clinical design. It greatly reduces time and cost in new drug development
process. Big date is also used foe new drug development, response to infectious diseases, research for preventive
medicine, and health management to create the synergy effects. Digital transformation, such as new drug
development, digital drug, diagnosis, clinical design, is being used in various parts of the industry to accelerate
innovation. In addition, it has also been applied in the field of molecular diagnostics, opening the door to a
technology called Digital PCR that reacts sensitively to a very small amounts of genes. We would like to discuss
whether biotechnology meets new innovative technologies and shows alternative synergy, and what innovations
and changes are approaching.
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almost all fields, including medical devices, new drug development, disease diagnosis and prediction. Innovative
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R&BD on GRAS Fermented Food Microbial Metabolites and Gut
Microbiota by the Work Together with Kookmin University and
KookminBio Corporation
Moon-Hee Sung1,2
1

Kookmin University, Seoul 02707, Republic of Korea, 2KookminBio Corporation, Seoul 02826, Republic of Korea

KookminBio Corporation begins to establish a new paradigm for the gut microbiome related industry through
its research on the discovery and development of functional bio-food and pharmaceutical materials produced by
KookminBio Corporation will become a one of leading global R&BD venture companies that prevent and treat
diseases through the modulation of microbiome in the gut.
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A Novel β-Lactamase Gene Regulation Mechanism
Dongju Lee1†, Jongwook Park1†, Hyojeong Yi1†, Kwang-Hwi Cho2, and Heenam Stanley Kim1
1

Division of Biosystems & Biomedical Sciences, College of Health Sciences, Korea University, Seoul 02841, Republic of Korea,
2
School of Systems Biomedical Science and Research Center
for Integrative Basic Science, Soongsil University, Seoul 06978, Republic of Korea

β-lactam antibiotics are the most frequently used drugs against infectious diseases. Although production of
β-lactamases by bacteria is the main cause of treatments being compromised, much of the gene regulation
governing the levels of these enzymes has not been explored. To date, two types of mechanisms are known: one
regulatory protein or a two-component system (TCS) and the other that involves detecting β-lactam molecules
directly with a TCS. In this study, we report a novel mechanism in that a β-lactamase gene is regulated by a TCS,
but in this case, in response to cell envelop disturbance. We used a genetics-based approach to identify a TCS
present in a strain of Burkholderia thailandensis that is essential for the regulated expression of a class A
β-lactamase gene, penL, by sensing subtle envelope disturbance caused by β-lactams, polymyxin B, or other
chemical agents. The genes encoding stress responses and resistance to various antibiotics were co-regulated, as
were the catabolic genes that enabled the B. thailandensis strain to grow on penicillin G or phenylacetate, a
degradation product of penicillin G. This regulon has likely evolved to facilitate bacterial survival in the soil
microbiome that contains a multitude of antibiotic producers. Practically, this regulatory system makes this TCS,
which we named BesRS, an excellent drug target for the purpose of increasing antibiotic efficacy in combination
therapies for Burkholderia infections.
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that involves detecting cell wall fragments that are freed due to hydrolysis of the cell wall by β-lactams with a
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IS8-2
Genomic Profiling to Identify Genes for Staphylococcus aureus
Invasion
Wonsik Lee* and JuOae Chang
Department of Pharmacy, School of Pharmacy, Sungkyunkwan University, Suwon 16419, Republic of Korea

Pathogenic bacteria such as Staphylococcus aureus can infect and survive inside phagocytic and non-phagocytic
cells and use them as a sanctuary against antibiotics during antibiotic regime. Bacterial survival inside host cells
can serve as an escape mechanism from antibiotics and result in persistent infection and organ damage, suggesting
people every year globally. To combat multidrug-resistant infections by S. aureus, the development of new
antibiotics and novel antibiotic targets in S. aureus are essential. Using next-generation sequencing, we use
transposon sequencing to find potential targets for new antibiotics on a genome-wide scale in S. aureus and
identified essential genes for survival in various conditions including antibiotic treatment. In our study, we used
the NGS-based Tnseq to identify genes that are essential for intracellular invasion only but not for survival outside
the cell. Our approach can identify novel druggable gene targets, and contribute to a better understanding of S.

aureus invasion.
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a need to target and eradicate intracellular bacteria. Antibiotic-resistant S. aureus such as MRSA kills thousands of
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Antimicrobial Drug Discovery Using a Whole Animal
Infection Model
Wooseong Kim*
College of Pharmacy, Graduate School of Pharmaceutical Sciences, Ewha Womans University,
Seoul 03760, Republic of Korea

The emergence of antibiotic-resistant and –persistent bacteria is a major threat to human health. Although
efforts for drug discovery are ongoing, conventional bacteria-centered screening strategies have thus far failed to
importance. Caenorhabditis elegans, a model organism used for studying host-pathogen interaction, offers a
promising solution for identification of traditional antibiotics that inhibit bacterial growth, in addition to antiinfective agents that enhance host-immunity or nullify bacterial virulence factors. We developed an automated
high-throughput Caenorhabditis elegans–methicillin-resistant Staphylococcus aureus (MRSA) killing assay in 384well plates to screen approximately 82,000 small synthetic molecules and successfully identified 185 compounds
that significantly decreased the ability of MRSA to kill the nematodes. I will present new membrane-active
antimicrobials identified among the 185 hit compounds. These membrane-active antimicrobial agents selectively
disrupt Gram-positive bacterial over mammalian membranes. They exhibit antimicrobial activity against
multidrug-resistant Gram-positive pathogens, strong bactericidal activity against both growing and persistent
MRSA cells, has a low probability of selecting for resistance, synergism with gentamicin, and shows significant in

vivo efficacy against a murine MRSA infection model. I will also share how we optimized their chemical structures
to improve potency and cytotoxicity profiles using molecular dynamic simulations combined with structureactivity relationship analyses. In conclusion, our success of the large-scale screens demonstrates that the

C. elegans-based anti- infective high-throughput screening system has the potential to create a paradigm shift in
antibiotic discovery platforms used in combatting our current antibiotic resistance crisis.
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yield new classes of effective antibiotics. Therefore, new paradigms for discovering novel antibiotics are of critical
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A Novel LAMP Method Detecting β-Lactamase Genes
Mitsuko Seki1,2*
1

Division of Pediatric Dentistry, Department of Human Development and Fostering, Meikai University School of Dentistry,
Japan, 2Division of Microbiology, Department of Pathology and Microbiology, Nihon University School of Medicine, Japan

Rapid evaluation of antimicrobial susceptibility is of great clinical importance in the treatment of nosocomial
infections from Gram-negative bacteria, which increasingly carry carbapenemases and metallo-β-lactamases. In
this study, loop-mediated isothermal amplification (LAMP)-based assays to detect two β-lactamase genes (blaKPC
that contained six β-lactamase genes in Klebsiella pneumoniae, Escherichia coli, Pseudomonas aeruginosa, and

Acinetobacter bereziniae. Total of 55 Gram-negative bacterial strains including 46 clinical P. aeruginosa isolates,
which were previously fully characterized by next-generation sequencing (NGS), were used for evaluation of our
new LAMP method. The results were compared to those obtained using the conventional PCR method. The
LAMP assays were able to detect as few as 100 copies of the gene in a sample, while the conventional PCR method
was able to detect 103 to 104 copies per reaction. The LAMP assay detected two β-lactamase genes with sensitivity
as high as purified DNA as the template in DNA-spiked specimens including urine, sputum, and blood, while the
sensitivity of PCR was 10-fold decreased in clinical specimens. From these results, the established LAMP assays
were proved to be an appropriate tool for the detection of blaKPC and blaNDM-1.
In this presentation, a LAMP method detecting SARS-CoV-2 will also be introduced.
Contributors: Gardner H, Harbour Biomed, USA; Kilgore PE, Wayne State Univ., USA
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S1-1
BIO Tech Based Clean Label Taste Solution, TasteNrich®
Accelerates Innovation of Vegan Alternative Foods
BooWon Kim
Human Nutrition and Health Division, CJ CheilJedang BIO, Seoul 04560, Republic of Korea

As ESG trend is emphasized as the most important standard in all around the industry, vegan or plant-based
foods to replace meat or dairy foods are also rise, which can go some way to reducing the environmental burden.
This trend has motivated pioneering food producers to develop innovative vegan food products, thus driving the
sustainability transition of the food sector. And more food safety, trust, transparency and clean label are also the
highlighted key-features, reflecting on consumers’ expectations.
Biotechnology has opened a whole new world for the clean label food trend with fermentation, the most
powerful driving force for natural ingredient development. CJ BIO developed innovative clean label and natural
are based on non-GMO technology and natural preparation process. Precision fermentation is required to get

microbes as cell factories to produce desirable metabolites that exist in nature. TasteNrichⓇ enables food developers
and manufacturers not only to achieve clean label and worry-free claims such as non-GMO, non-allergen and
non-animal, but also to bring better performance in taste, flavor and nutrition. This is beneficial for alternative
foods such as plant based meat, dairy and fish to have upgrade taste quality.
CJ BIO is the answer for future of food by helping to deliver healthier, safer, and delicious foods to the
consumers’ table in the most sustainable way.
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S1-2
Recent Progresses on Development of Bio-Based New Material
by Synthetic Biology and Biofoundry
Donghyuk Kim*
School of Energy and Chemical Engineering, Ulsan National Institute of Science and Technology,
Ulsan 44919, Republic of Korea

Society is at the zenith of leveraging recent advances in synthetic biology to discover new bio-based products
and affordable and sustainable manufacturing routes. This is no less evident than in the discovery and
manufacture of synthetic biology materials, where synthetic biology has the ability to usher in new materials in an
era of biology that will revolutionize the discovery and manufacture of innovative synthetic biological materials.
This will include novel, smart, functionalized hybrid materials for a variety of applications where discoveries and
pathways to biological production will be stimulated by the fusion of new technologies located across the physical,
Consider the challenges, requirements, early understanding and forecasting of using a synthetic biology approach
to deliver a Discovery to Manufacturing pipeline for synthetic biological materials. This challenge spans the entire
production cycle, from the intelligent predictive design, manufacturing, evaluation and production of synthetic
biological materials to new ways to bring these products to market. To achieve this goal, pathway opportunities are
identified that will help leverage existing investments in synthetic biology and advanced materials research and
facilitate the sharing of expertise and infrastructure development to accelerate the delivery of new generations of
synthetic biology.
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digital and biological realms. This talk aims to explore opportunities for new materials in the biological age.
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S1-3
Manipulation of Myogenic Stem Cells and Development of Cell
Culture Media for the Production of Cultured Meat
Eun Ju Lee2 and Inho Choi1,2*
1

Department of Medical Biotechnology, 2Research Institute of Cell Culture, Yeungnam University,
Gyeongsan 38541, Republic of Korea

Public interest in cultured meat (a form of meat produced by culturing cells in vitro) is growing with the hopes
that meat which guarantees human safety can be produced in the future. This is achieved through blocking
external contamination sources during the process of meat production without slaughtering livestock. There are
several differences in cell culture methods depending on the type of cultured meat to be produced, however, the
most important thing in culture meat production is providing an optimal environment similar to what is required

in vivo for cell proliferation and differentiation, also, to develop technology that can improve the price
(MSCs) are skeletal muscle-specific adult stem cells positioned between the basement membrane and the
sarcolemma of myofibers, and most preferentially used for cultured meat production. Myofibers, formed by fusion
of several hundreds of MSCs, are multinucleated cells that are the most basic unit constituting skeletal muscle and
filled with actin and myosin proteins. For efficient mass production of cultured meat, it is essential to understand
how MSCs can be manipulated to maximize myofiber production through cell proliferation and final
differentiation. For this, a thorough understanding of the mechanisms for proliferation and final differentiation of
MSCs is fundamentally required. In addition, considering that the cell culture medium accounts for the majority
of the costs in the cultured meat production process, the development of a new medium that can minimize its
production cost by replacing its components with natural ingredients which guarantees food safety is a
prerequisite to ensure the success of the culture meat production. The field of cultured meat production is just
beginning and faces many challenges ahead. Many of the problems we face can be solved through strategic joint
efforts of experts in various fields and related industries.
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Safety Assessment and Approval Trends of Novel Food
Keum-Soon Oh*
Novel Food Division, Food Safety Evaluation Department, National Institute of Food & Drug Safety Evaluation,
Cheongju 28159, Republic of Korea

The scope of food ingredients includes not only agricultural, livestock and fishery products and raw materials
for processing, but also microorganisms used in fermentation process, probiotics, etc.
Comprising agricultural, livestock and fishery products, food ingredients have produced varied and distinctive
food cultures, depending on the regional climates and growing conditions. Likewise, food demonstrates individual
history and cultural formation of various nations.
Since about 5,000 of food ingredients have been listed in the 「Food Standards and Specifications」 notified by
MFDS, those not listed ingredients cannot be used in food for safety and integrity in Korea. However, the safety
allows the novel ingredients without history of food use to be used as food ingredients. The safety assessment
requires the origin, development processes, methods of cultivation, manufacturing and processing, overseas
approval status, toxicity and allergy tests etc., and it is similar to that of other countries regarding their own food
cultures.
In South Korea, the 「Food Sanitation Act」 Article 7.(2).(1996) and the 「Enforcement Rules of the food
Sanitation Act」 Article 5.(2009) were established, and for food ingredients the 「Approval Standard of Temporary
Standards and Specifications for Food etc.」 (2010) has been noticed and implemented up to date. Since then, 54 of
new food ingredients such as plants, mushrooms, newly-developed sugars, insects and microorganisms have been
approved.
Recently, with the development of science and technology, new technology-based foods, including cell cultured
foods, are emerging, and new materials foods using microorganisms are being developed. The Ministry of Food
and Drug Safety is reviewing the safety assessment processes in preparation for the commercialization of various
new technology-based foods, and plan to continually discuss on the assessment process of novel food ingredients
with industry, academia and government.
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S2-1
Immobilization of U(VI) from Aqueous Solution
by Parachlorella sp. AA1
In-Hyun Nam*
Mineral Resources Division, Korea Institute of Geoscience and Mineral Resources, Daejeon 34132, Republic of Korea

In the present study we investigated the ability of the microalgal strain Parachlorella sp. AA1 to biologically
immobilize a radionuclide waste material. Batch experiments were conducted to investigate the biological
immobilization of uranium(VI) by strain AA1. The results showed that AA1 biomass could immobilize U(VI).
The highest removal efficiency and immobilization capacity (95.6%) occurred within 60 h at an initial U(VI)
concentration of 20 mg/L. The optimum pH for immobilization was 9.0 at a temperature of 25°C. X-ray absorption
near edge structure analysis confirmed the presence of U(VI) in pellets of Parachlorella sp. AA1 cells. The
biological immobilization methods investigated here may be useful in the treatment and disposal of nuclides and
Symposium

heavy metals in diverse wastewaters.
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S2-2
Disastrous Algal Bloom from Viral Engagement
Jong-Soon Choi1,2*
1

Korea Basic Science Institute, Daejeon 34133, Republic of Korea,
GRAST, Chungnam National University, Daejeon 34134, Republic of Korea

2

The recent COVID-19 pandemic has completely changed the life styles of mankind. Viruses have been with the
history of human civilization. The influenza pandemic from smallpox, measles, Ebola, AIDS, and the 21st century
coronaviruses are prime examples. Contrary to the etymology suggests that virus means poison, viruses play a key
roles as the regulator of the living system. Therefore, to understand the key to prevent the harmful algal bloom
(HAB), we focus on the viruses that parasitize the cyanobacteria to cause the HAB. In my presentation talk, based
on the recently published <Disaster Virus>, several cases related to good, bad, strange viruses will be introduced.
The earth has evolved to be healthy through mutually reciprocal action as one gigantic eco-biological system. I
which is the lowest level of life to life interactions [The research products were financially supported by the grant
(C280320) of Korea Basic Science Institute.]
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S2-3
Sorption as a Strategy against Harmful Algal Blooms
Yun Hwan Park, Sok Kim, and Yoon-E Choi*
Division of Environmental Science & Ecological Engineering, College of Life Sciences & Biotechnology, Korea University,
Seoul 02841, Republic of Korea

Microcystis aeruginosa is a representative species of harmful cyanobacteria causing harmful algal blooms
(HABs), a major environmental problem. HABs are caused by an overgrowth of harmful cyanobacteria such as

M. aeruginosa, and their frequency and intensity are increasing worldwide due to rapidly changing environmental
factors such as climate change, nutrients inflow, and flow velocity changes in water bodies. In addition, since M.

aeruginosa can release microcystins (MCs), a type of toxins formed by cyanobacteria, into water resources
through cell lysis or destruction, it must be removed and controlled from water bodies to sustainably maintain
water resources. However, the most conventional HAB control technologies have difficulties in eliminating
ecosystems.
Therefore, in this study, sorption has been proposed as an advantageous technique to control the proliferation
of M. aeruginosa cells. Our adsorption-based strategy is an efficient way to directly remove M. aeruginosa cells
without cell lysis by the electrostatic interactions between the negatively charged surface of M. aeruginosa cells
and the positively charged sorbent surface. Here, we will provide sorption technology so far developed against
harmful algal blooms caused predominantly by M. aeruginosa.
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cyanobacterial cells; all these methods cause cell lysis, which can in turn lead to the release of MCs into aquatic
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S2-4
Environmental DNA (eDNA) as an Effective Tool for Biodiversity
Assessments for Freshwater Ecosystems
Hyuk Je Lee1*, Hyun-Woo Kim2, Hye-Woo Byun3, and Kwang-Guk An4
1

Molecular Ecology and Evolution Laboratory, Department of Biological Science, Sangji University, Wonju 26339,
Republic of Korea, 2Department of Marine Biology, Pukyong National University, Busan 48513, Republic of Korea,
3
Animal Resources Division, National Institute of Biological Resources, Incheon 22689, Republic of Korea,
4
Department of Biological Sciences, Chungnam National University, Daejeon 34134, Republic of Korea

Environmental DNA (eDNA) is the extracellular DNAs in environments (e.g. sediment, water, air), which are
originated from skin, mucous, saliva, sperm, secretions, eggs, and etc. of many different organisms. NGS (next
generation sequencing)-based metabarcoding using eDNA now becomes an emerging approach for efficiently and
also effectively detecting unperceivable species such as rare, endangered, and also invasive species currently
largely been employed to assess and monitor biodiversity in a diverse array of ecosystems, particularly freshwater
ecosystems. In the present study, we analyzed and compared the fish and macroinvertebrate community structure
and species diversity at a number of sites in multiple river systems between traditional and eDNA surveys to
evaluate its feasibility for biodiversity assessments. The eDNA fish communities at every site slightly differed from
those from the field traditional surveys and species diversity generally decreased from down- to upstream in river
systems. Results of non-metric multidimensional scaling (nMDS) analysis showed a higher similarity for three
clusters representing down, middle and upstream in the rivers, while the most upstream sites showed the most
divergent fish community structure compared to others. The fish community similarity tended to increase as
distances between sites decrease, based on results of heatmap analysis. The findings of this study highlight the
versatility and power of eDNA metabarcoding for monitoring native fish community, determining a barrier for
the dispersal range of migrating fishes, and further evaluating the longitudinal connectivity of river ecosystems.
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expanding the geographic distribution. Because of less environmental disturbances entailed, eDNA approach has
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S3-1
Vaccine Development with Viral Surface Engineering Technique
Jihoon Ryu and Hyun-Jin Shin*
CellEnVax Co. Inc, Daejeon 34134, Republic of Korea

Vaccines have been developed as several different forms; live attenuated, inactivated, viral vectored, subunit,
DNA and more recently mRNA. Each vaccines platform has both advantage and disadvantage. Even if there have
many other platforms are announced and developed, still more than 90% commercialized vaccines are either live
attenuated and inactivated.
Our company have been working on development of new platform using viral surface engineering technique
which attaching immunostimulants such as Fc molecule on antibodies on viral surface. The strategies are
following; Fc domain bears the recognition signal for specific cellular immunoglobulin G Fcγ receptors (FcγRs) as
well as an interaction niche for immune effectors. FcγRs are crucial mediators of cellular immunity and important
virus infection and orchestrates other signaling events that lead to T-cell activation. Receptors for
immunoglobulins (FcR) play an important role in the activation of autoimmune reaction and immune reaction
for infections of influenza virus, human immunodeficiency virus and simian immunodeficiency virus (SIV). It
was also reported that a DNA vaccine coding for hepatitis B virus antigen-Fc fusion proteins had enhanced
antigen-specific CD4+, CD8+ and B cells. Furthermore, the ability of neutralizing antibodies to protect against
virus infection is highly compromised when the Fc receptor function is abrogated.
Our company have worked on development for several different viruses (animals and human) and evaluated
their immune responses. Our results clearly confirmed viruses harboring Fc molecule on their surface strongly
induced antibody, neutralizing activities and also induced high cytokine production. Therefore, immunization
with a complex of virus antigen and Fc has the potential to be an improved inactivated vaccine.
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S3-2
Development of LNP Mixer and Ionizable Cationic Lipids for
LNP Preparation
Minsu Choi, Dong Gyun Jwa, and Myung Kyu Lee*
RNApharm Corporation, Daejeon 34141, Republic of Korea

Recently, mRNA/LNP vaccines for COVID-19 are successfully commercialized at Pfizer/BioNTech and
Moderna. The total market size of mRNA/LNP vaccines is approximately $50 billion in 2021 and is assumed to be
$65 billion in 2022. Since the negatively charged mRNA cannot directly penetrate into the cell membranes with
the negatively charged surfaces and is readily degraded by RNases existing ubiquitously. mRNA encapsulation into
LNP inside can overcome these problems. The commercialized mRNA/LNP vaccines are prepared by rapid
mixing of lipid solution composed of ionizable cationic lipids and helper lipids and mRNA solution dissolved in
ethanol and acidic buffer, respectively, in a narrow LNP micromixer. We developed a hand-made LNP T-shape
endocytosis, and the endocytic mRNA should release to cytoplasm for protein biosynthesis. We tried to synthesize
several ionizable cationic lipids with more basic property than the commercialized ones. The detail results will be
discussed.
RNApharm corporation is a Joint Research Institute Spin-off Company of Bioneer and KRIBB founded on July
30, 2021. Our company focuses on the total solutions for mRNA/LNP vaccine development including enzymes
and reagents for mRNA in vitro transcription, ionizable cationic lipids, LNP mixers and instruments, RNA/LNP
custom services and so on. For these purposes, our company will collaborate with Bioneer, the other companies,
institutes and academics.
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mixer that can make LNPs with below 80 nm. The RNA/LNPs is internalized by anionic receptor mediated
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S3-3
Establishment of Korea National Preclinical Support
System for Infectious Diseases
Kyong-Cheol Ko
Korea Preclinical Evaluation Center, Korea Research Institute of Bioscience and Biotechnology (KRIBB),
Daejeon 3441, Republic of Korea

Globally, there have been over 500 M confirmed cases of COVID-19, including about 6 M deaths, reported to
WHO. The Korean government launched a supporting office for Pan-governmental committee to promote the
development of new treatments and vaccines for COVID-19. In addition, the Ministry of Science and ICT
established a COVID-19 Response R&D Support Council (CRSC) to develop treatments and vaccines for
COVID-19. Currently, there are limitations for companies to carry out the preclinical trials that require Bio-Safety
Level 3(BSL-3) facilities. In order to solve this issue, the CRSC is supporting the companies to evaluate the efficacy
accelerate new drug and vaccine development for emerging infectious diseases by continuously supporting the
companies for preclinical trials. The Ministry of Science and ICT has newly established the Korea Preclinical
Evaluation Center (KPEC) in December 2021. The KPEC intends to establish a national preclinical support system
and continuously expand the ecosystem.
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Poly-γ-Glutamic Acid/Alum Adjuvanted pH1N1 Vaccine-Immunized
Aged Mice Exhibit a Significant Increase in Vaccine Efficacy
Jihyun Yang1†, Jaemoo Kim1,2†, Chaewon Kwak1,2 and Haryoung Poo1,2*
1

Infectious Disease Research Center, Korea Research Institute of Bioscience and Biotechnology (KRIBB),
Daejeon 34141, Republic of Korea, 2Department of Biosystems and Bioengineering, KRIBB School of Biotechnology,
University of Science and Technology (UST), Daejeon 34113, Republic of Korea

Highly contagious respiratory diseases caused by viral infections are a constantly emerging threat, particularly
the elderly with the higher risk of developing serious complications. Vaccines are the best strategy for protection
against influenza-related diseases. However, the elderly has lower vaccine efficacy and the age-driven decline of
the influenza vaccine efficacy remains unresolved. In this study, we investigates the effect of an adjuvant, poly-γglutamic acid and alum (PGA/Alum) on vaccine efficacy in aged mice (18-months) and its mechanism is studied
cell (DC) activation, and the DC-mediated T cell activation were analyzed via in vivo imaging and flow cytometry.
Antigen-specific humoral and cellular immune responses were evaluated in sera and splenocytes from the
vaccinated mice. Also, we analyzed gene expression profiles of splenocytes of vaccinated mice via single-cell
transcriptome sequencing and evaluated the protective efficacy against pH1N1 virus challenge.
Aged mice had low antigen trafficking and DC activation than younger mice (6-weeks), which was ameliorated
by PGA/Alum with increased antigen uptake and DC activation leading to improved antigen-specific IFN-γ+CD8+
T lymphocyte frequencies higher in the vaccinated aged mice, to a similar extent as PGA/Alum adjuvanted
vaccine-immunized young mice. The results of single-cell transcriptome sequencing display that PGA/Alum also
reduced the proportion of age-associated CD8+ T cell subsets and gene levels of inhibitory regulators in CD8+ T
cells, which may play a role in the recovery of CD8+ T cell activation. Finally, PGA/Alum adjuvanted pH1N1
vaccine-immunized aged mice were completely protected (100% survival) compared to aged mice immunized
with vaccine only (0% survival) after pH1N1 virus challenge, akin to the efficacy of the vaccinated young mice
(100% survival).
PGA/Alum adjuvanted pH1N1 vaccine-immunized aged mice showed a significant increase in vaccine efficacy
compared to aged mice administered with vaccine only. The enhanced vaccine efficacy by PGA/Alum is associated
with significant increases activation of DCs and effector CD8+ T cells and a decrease in age-associated CD8+ T cell
proportion of splenocytes. Collectively, PGA/Alum adjuvanted flu vaccine may be a promising vaccine candidate
for the elderly.
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using ovalbumin as a model antigen and a commercial pandemic H1N1 flu vaccine. Antigen trafficking, dendritic
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S4-1
Organization of Gut Microbes in Healthy Korean Individuals
Seungpyo Hong1*, Mi Young Lim2, Won-Hyong Chung2, Ji-Hee Shin2, and Young-do Nam2*
1

Department of Molecular Biology, Jeonbuk National University, Jeonju 54896, Republic of Korea,
Personalized Diet Research Group, Food Funtionality Research Division, Korea Food Research Institute,
Wanju 55365, Republic of Korea

2

The involvement of the gut microbiome in human health and disease is now well-established. However, owing
to the complexity of the gut microbiome, we lack a clear understanding of how a healthy ecosystem is formed and
sustained, thereby limiting the development of therapeutic strategies based on the modulation and utilization of
the gut microbiome. In this study, the organization of microbes in the gut of healthy individuals was investigated
using a 16S rRNA sequencing dataset obtained from a Korean population of 890 individuals. We found six
microbial groups that were different in microbial composition, prevalence, and functionality. The members of the
microbial groups. Consequently, the microbial groups had different topologies in a microbial interaction network.
Two microbial groups were disjointed and preferentially found in the different host groups, while other microbial
groups can mediated interactions with these group to the major microbial group. The analysis suggests that the
gut microbiome is constituted of microbial groups play distinct roles in sustaining the structure of the gut
microbiome, and in host interactions. Microbes were different in the number of microbes they can affect. We
identified microbes able to affect a large number of other microbes as candidate targets for promoting the growth
of beneficial microbes. These results improve our understanding of the gut microbial ecosystem, providing a basis
for the modulation of the gut microbiome to improve human health.
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Omics in Food Microbiome Analysis
Tae Woong Whon*
Kimchi Functionality Research Group, World Institute of Kimchi, Gwangju 61755, Republic of Korea

Our understanding of the interactions between microbial communities and their niche in fermented foods has
improved owing to recent advances in environmental microbial genomics. Here, we show studies that have
explored the food microbiome signature in fermented foods using omics approaches. First, we partitioned
microbiota by raw ingredient (kimchi cabbage, garlic, ginger, and red pepper) to render kimchi fermented by each
source-originated microbe pool and applied multi-omics (metataxonomics and metabolomics), bacterial viability,
and physiochemical analyses to longitudinally collected samples. Only kimchi cabbage- and garlic-derived
microbial inoculums yielded successful kimchi fermentations. The dominant fermentative microbial taxa and
subsequent metabolic outputs differed by raw ingredient type: the genus Leuconostoc, Weissella, and Lactobacillus
mono-, di-, and tri- isolated fermentative microbe combinations further revealed W. koreensis-mediated reversible
microbial metabolic outputs. Second, we would like to introduce the Omics Database of Fermentative Microbes
(ODFM, https://odfm.wikim.re.kr), an integrated data management system that integrates comprehensive omics
information for microorganisms associated with various fermented foods, additive ingredients, and seasonings
(e.g. kimchi, Korean fermented vegetables, fermented seafood, solar salt, soybean paste, vinegar, beer, cheese, sake,
and yogurt). The ODFM archives qualifies genome/metagenome/metataxonome/(meta)transcriptome sequences
of fermented food-associated bacteria, archaea, eukaryotic microorganisms, and viruses. Furthermore, the ODFM
provides both the Basic Local Alignment Search Tool search-based local alignment function as well as the average
nucleotide identity-based genetic relatedness measurement, enabling gene diversity and taxonomic analyses of an
input query against the database, at the whole genome level. Genome sequences and annotation results of
microorganisms, as well as analytical results, are directly downloadable, and the microbial strains registered in the
archive library will be available from our culture collection of fermented food-associated microorganisms.
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for all non-sterilized ingredients, garlic, and kimchi cabbage, respectively. Gnotobiotic kimchi inoculated by
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Beyond the Sequence: Necessity for Material Resource
from Microbiome
Na-Ri Shin
Biological Resource Center, Korea Research Institute of Bioscience and Biotechnology, Jeongeup 56212, Republic of Korea

Recent advances in sequencing techniques, applied to the study of microbial communities, have provided
compelling evidence that the mammalian intestinal tract harbors a complex microbial community whose
composition is a critical determinant of host health in the context of metabolism and inflammation. Integration of
metagenomic and metataxonomic sequencing data with other omics data to study the gut microbiome has become
increasingly common, but downstream analysis after data integration and interpretation of complex omics data
remain challenging. Most bacterial members in the human gut microbiota remain unculturable and have not been
given a valid name. Expanding the availability of material resources from the human gut bacterial species by
the development of therapeutic strategy focusing on the indigenous symbiont.
Korean Collection for Type Cultures (KCTC) has been designated as the central microbial resource center by
the Korean government in 2021. As such, KCTC has been establishing the advanced supporting infrastructure
through integration of microbial resource information, standardization and quality control of the resources, and
strengthening of services on microbial utilization.
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isolating and preserving will greatly contribute to the improvement of insight into host-microbial interaction and
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Core Gut Microbiome in Korean Adults
Won-Hyong Chung1,2, Eun-Ji Song1, Mi Young Lim1, Ji-Hee Shin1, and Young-Do Nam1*
1

Personalized Diet Research Group, Korea Food Research Institute, Wanju 55365, Republic of Korea,
Department of Food Biotechnology, Korea University of Science and Technology, Seoul 02841, Republic of Korea

2

The ‘core’ gut microbiome shared by the majority of normal humans in their habitat is important as a reference
for characterizing and describing the health status of its population. Since it was designated as one of the goals in
Human Microbiome Project, efforts to quantify the core microbiome have been actively conducted in several
studies.
The definition of core microbiome has conventionally referred to the microbes found in more than half of a
community. However, the advance of sequencing technology to identify single-nucleotide variation in marker
genes force to reconsider the definition of the core gut microbiome. To select Korean core gut microbiome, we first
adults. We then classified the features into six levels according to their prevalence, from the features found in only
one sample to the features exist in all samples.
One hundred features were found in more than half of Korean adults. The abundance of those features was only
46%. This feature set do not represent the community in a view of abundance. Relaxation of sharing threshold
with 5% prevalence makes 85% of the sequenced reads to be included in the core microbiome. The 876 features
whose meet the threshold presented more than half amount of the reads in 99.6% of the samples. This set of
features includes Prevotella copri, Akkermansia muciniphila, and etc. which were reported to be functionally
important but not dominantly present. We are ongoing to analyze the effect of the selected core gut microbiome in
Korean adults.
In this presentation, I define core gut microbiome in Korean normal adults and describe their taxonomic
distribution. Next, I describe the association studies between core microbiome and physiological data including
age, sex and BMI. This presentation concludes with explanation of the strategies to isolate the core microbiome
and obtain their genomic information.
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identified over thirty thousand features, or microbial observation units, from about four thousand Korean normal
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S5-1
Commercial Application of Probiotics Isolated in Korea
Jungwoo Yang*
IBS Research & Development Center, Ildong Bioscience, Pyeongtaek 17957, Republic of Korea

Probiotics are “live microorganisms that, when administered in adequate amounts, confer a health benefit on
the host”. Typically, Bifidobacterium (adolescentis, animalis, bifidum, breve and longum) and Lactobacillus
(acidophilus, casei, fermentum, gasseri, johnsonii, paracasei, plantarum, rhamnosus and salivarius) compose a
core group of well-studied probiotic genus. On the basis of numerous clinical trials, systematic reviews and metaanalyses, it is well known that probiotics can be ascribed having certain health outcomes such as in the treatment
and prevention of gastrointestinal diseases, enhancement of the immune response and reduction of serum
cholesterol. Sufficient evidence has accumulated to support the concept of health outcomes based on various
mechanisms of probiotic action including acid/short chain fatty acids production, regulation of intestinal transit,
synthesis and gut barrier reinforcement. In this presentation, several important issues for commercial application
of probiotics will be discussed: 1) To assess safety of probiotics including antimicrobial resistance and cytotoxicity
to a murine mouse model; 2) To exemplify functional studies of probiotics in Ildong Bioscience; and 3) To
manufacture probiotics for enhancing stability under harsh conditions.
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normalization of perturbed microbiota, competitive exclusion of pathogens, and in some species, vitamin
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Research and Development of Microbiome-Targeting
Probiotics Using Kimchi LAB
Hyun-Dong Paik
Department of Food Science and Biotechnology of Animal Resources, Konkuk University, Seoul 05029, Republic of Korea

Probiotics are defined as a live and a beneficial microorganism when offered host. Most of probiotics have
known as lactic acid bacteria and are mainly supplied by dairy drinks. Recent market of probiotics industry is
focused on functional healthy foods included metabolic disease including diabetic and obesity and
immunomodulatory with COVID-19. In an overflowing probiotics market, probiotics have doubted their safety
such as sepsis and subsequent organ dysfunction. In addition, many probiotics strains were introduced by research
articles and reports, however commercialization was limited. Our research group has 6,000 candidate strains
isolated from kimchi for microbiome-targeting functional probiotics. We confirmed screening using candidate
probiotic strain, safety, health function in vitro and in vivo system, analysis of gene and gut microbiome, and
commercialization. The safety and function of probiotics strains was followed as the safety guideline of probiotics
by Ministry of Food and Drug Safety. In addition, the correlation with the function and gut microbiome has
investigated in an animal model. Therefore, our group would like to present excellent function with safety.
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strains for anticancer, arthritis, and brain health such as depression. Our group was composed of screening of
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Concerted Degradation of a Red Seaweed Polysaccharide by
Bacteroides plebeius and Bifidobacteria for Synbiotic Application
Dong Hyun Kim1, Dong Oh Han1, Jae Kyun Kim1, Hee Taek Kim2, and Kyoung Heon Kim1*
1

Department of Biotechnology, Graduate School, Korea University, Seoul 02841, Republic of Korea,
2
Korea Research Institute of Chemical Technology, Daejeon 34114, Republic of Korea

Red seaweeds have traditionally been thought to lower the risk of colon and colorectal cancers by East Asians.
However, their anticancer mechanism is unknown. It is presumed that ingested red seaweeds are degraded and
metabolized by the human gut bacteria. To reveal how agarose, the main polysaccharide of red seaweeds, is
degraded in the human gut, we investigated the enzymatic and metabolic cooperation between two human gut
bacteria, a certain Bacteroides plebeius from seaweed-eating humans and Bifidobacteria from human guts with
regard to agarose degradation. We found that these two bacteria can degrade agarose through symbiotic actions.
study, we provide a molecular explanation for the metabolism and putative benefits of a red seaweed diet. These
results could be used to further develop a symbiotic application of red seaweeds with the Bacteroides derived from
the human gut.
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This leads to the accumulation of 3,6-anhydro-L-galactose, which has anti-colon cancer activity. In the present
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Advanced in ONT Based Bacteria Community Analysis
Jae Woong Yu*
eGnome Inc, Seoul 05836, Republic of Korea

Advances in NGS technology have gradually thrived interests in microbiome research, especially the ONT
technology has overcome the limitation of read length problem and opened a new world for microbial genome
and community analysis. Second generation NGS technologies, such as Illumina, have a short read length (~500 bp)
problem, causing resolution limitations in microbial community analysis. The MiSeq platform that used in most
of bacterial community analysis targets 500 bp region of V3-V4, resulting in genus level resolution. Since the
increased read length is well-known to provide high taxonomic resolution up to species level, the ONT and PacBio
platform generate feasible long read data of amplicon up to 5 Kb and sequence 16S-23S full rDNA operon regions.
The ONT platform has shorter operation time and a more flexible data producing system compared to PacBio,
In this presentation, the ONT technology application on microbial research area will be discussed: 1) Analysis
of microbial community by 4.2 Kb amplicon sequencing of 16S-23S region; 2) Bacterial genome assembly and
functional analysis with ONT long read.
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and recently improved error rate by new pores and Q20 technology.
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S6-1
Mass Spectrometry Based Macromolecular Interactomics
Jong-Seo Kim
School of Biological Sciences, Seoul National University, Seoul 08826, Republic of Korea

Mass spectrometric profiling of biomolecular interactions such as protein to protein or protein to nucleic acids
provides critical information for function, yet is often difficult to accurately capture and define in system-wide
manner. To do so, the innate limitation of mass spectrometry compared to next generation sequencing
approaches, which is the incapability of molecular amplification via such as PCR, needs to be overcome. In this
regard, the analytical development for ultrasensitive and unbiased quantification platform is highly desirable for
the next level of molecular interactomics, i.e., system-wide profiling of molecular interactions. Here, I will
introduce my recent development for ultrasensitive liquid chromatography and mass spectrometry (LC-MS)
system and accurate proteome quantification platform to capture molecular interactions more comprehensively.
interactions using proximity labeling and RNA-protein interactions, which were enabled by the developed
sensitive proteomics platform. Lastly, the future direction toward next generation molecular interactomics
including the direct identification of ligands bound to protein via mass spectrometry will be discussed.
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And then I will show detail examples about the profiling of macromolecular interactions including protein-protein
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Matrix-Assisted Laser Desorption Ionization (MALDI) Mass
Spectrometry Imaging for Microbial Research
Ji In Baek1, Ja Young Joh2, and Sohee Yoon1*
1

Bio-Imaging Team, Microbial Research Department, Korea Research Institute of Standards and Science,
Daejeon 34113, Republic of Korea, 2Nakdonggang National Institute of Biological Resources,
Sangju 37242, Republic of Korea

Matrix-assisted laser desorption ionization mass spectrometry imaging (MALDI-MSI) produces a chemical
map that visualizes the spatial distribution of various substances by generating labile biomolecules as intact
molecular ions. Therefore, MALDI-MSI is widely used in biomedical research using animal models to discover
biomarkers for disease determination. Microbial analysis using MALDI-MS is recognized as an evaluation method
that can replace the existing biochemical identification method, providing an opportunity to utilize mass
In this presentation, we present an overview of MALDI-MS used for microbial identification and imaging study
used for biomarker discovery. In addition, we would like to present a study investigating the distribution of
metabolites due to interactions between microorganisms through MALDI-MSI.
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spectrometry for microbial research.
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Development of CAFÉ-Diagnosis Method for Bacterial
Pathogens Using Mass Spectrometry
Je-Hyun Baek
R&D Center for Clinical Mass Spectrometry, Seegene Medical Foundation, Seoul 04805, Republic of Korea

We are seeing successful cases of South Korea’s COVID-19 strategy, which proved its ability to test large-scale
COVID-19 through free government-funded tests and maintained a fatality rate of 0.13%. And we are just
escaping from the highest peak of the positive rate in COVID-19 tests for last 2 years. However, in the post-corona
era, new concerns are emerging that antibiotic-resistant bacteria pose another serious threat to humanity, unlike
the traditional virus threat. Due to the abuse of antibiotics and the absence of monitoring systems in some
countries, the emergence of specific antibiotic-degrading enzyme-producing bacteria, a major cause of antibiotic
resistance, is rapidly spreading and increasing worldwide. For accurate and fast identification of pathogenic
spectrometry. However, it is still difficult to actually confirm the degradability of antibiotics or to confirm
antimicrobial resistance (AMR) using only MALDI-TOF mass spectrometry alone. Here, we introduce our CAFÉ
(Cost + Accurate + Fast + Easy)-diagnosis method to identify carbapenemase-producing Enterobacterales (CPE)
on the MALDI-TOF mass spectrometry platform, which routinely can be applied in hospitals. No further
susceptibility or PCR testing of the CPE specimens may be required. We are developing a method for identifying
CPE, that is more accurate and faster than RT-PCR and cheaper and easier than antibody-based diagnosis by
taking the benefits of high-resolution mass spectrometry and other various technologies. The CAFÉ diagnostic
method on the MALDI-TOF mass spectrometer platform is expected to effectively prepare for the upcoming
threat of antibiotic-resistant bacteria.
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bacteria, many hospitals worldwide are switching from traditional biochemical methods to the MALDI-TOF mass
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Rapid Diagnosis for Infectious Microorganisms by MALDI-TOF/MS
and Machine Learning Method
Dong-Chan Kim*
R&D Center, NQ-Lab Co. Ltd., Gyeonggi 16827, Republic of Korea

Microorganisms are usually identified using 16S rRNA and 18S rRNA gene sequencing. However, in the field of
clinical microbiology, there is a need for fast, reliable and inexpensive methods to identify potential pathogens in
clinical samples so that appropriate antibacterial therapy can be initiated as soon as possible. Matrix-assisted laser
desorption/ionization time-of-flight mass spectrometry (MALDI-TOF/MS) has recently emerged as a potential
tool for microbial identification and diagnosis. Previous studies have shown that MALDI-TOF/MS can be used to
detect bacteria in blood cultures, urinary tract infections (UTIs), cerebrospinal fluid (CSF), respiratory tract
infections, and stool samples. Technological advances are still needed to quickly identify pathogens and at the
can detect statistical dependencies of data, taking into account non-linear and interaction effects between features.
MALDI-TOF/MS using ML algorithms can reveal unexpected new information. This convergence has been
shown to help identify and distinguish bacterial species, especially those that are phylogenetically related and
substrained. In addition, the MALDI-TOF/MS with ML method recently found to be related to antimicrobial
resistance profiling. Based on these findings, we established a new database that can quickly diagnose infectious
microorganisms using MALDI-TOF/ MS and ML convergence technology. This technique is expected to be useful
in the rapid and accurate identification and susceptibility testing of infectious microorganisms.
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same time determine whether they are resistant or susceptible to certain antibiotics. Machine learning (ML) tools
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S7-1
In Silico Design of C1 Gas Converting Enzyme
Suk Min Kim†, Jinhee Lee†, and Yong Hwan Kim*
School of Energy and Chemical Engineering, Ulsan National Institute of Science and Technology (UNIST),
Ulsan 44919, Republic of Korea

Large amounts of CO pollutants are emitted from natural sources as well as man-made processes (e.g. annually
over 219 billion Nm3 of CO-containing flue gases from POSCO). Carbon monoxide (CO), the most abundant air
pollutant found in the atmosphere other than CO2 according to the OECD database (https://stats.oecd.org, air
emissions source in 2017), can provide sufficient carbon and energy sources for converting waste gas to fuels and
chemicals through a clean and sustainable method. To convert cheap, abundant and recyclable CO resources into
fuels and chemicals, one of the most ideal CO utilizations is the employment of carbon monoxide dehydrogenases
(CODHs) capable of oxidizing CO to CO2 in the manner of bacteria and archaea.
removal of toxic and waste CO from industrial flue gas despite of the lack of active and stable enzymes in the
atmosphere.
Herein we present rationally and selectively redesigned ChCODH-II (Carboxydothermus hydrogenoformans)
variants by engineering gas tunnels in order for O2-tolerant CODHs to catalyze efficient CO oxidation under
oxygen (O2). Using the redesigned ChCODH-II variants showing 42- and 128-fold elevation of O2 tolerance,
respectively, complete CO removal was achieved under a near-atmospheric condition.
Moreover, these variants efficiently removed CO from industrial flue gas (Linz–Donawiz converter Gas: LDG)
discharged from a steel mill despite the high O2 level (13.4%) during successful and repeated reuse after
immobilized on Ni-NTA agarose beads.
Our study will provide insights into redesigning the transformation of O2-sensitive CODHs into tolerant
enzymes for use as workhorses for conversion of toxic or waste gases into safe or value-added chemicals.
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Carbon monoxide dehydrogenase (CODH)-catalyzed oxidation of CO to CO2 provides a promising means of
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Oxygenase-Based Valorization of Fatty Acids
Jeong-Hye Yoon1, Juho Yoo1, Deok-Kun Oh2, and Jin-Byung Park1*
1

Department of Food Science and Biotechnology, Ewha Womans University, Seoul 03760, Republic of Korea,
2
Department of Bioscience and Biotechnology, Konkuk University, Seoul 05029, Republic of Korea

Oxygenases catalyze versatile reactions including regiospecific mono-/dioxygenations of organic compounds.
Here, we will present the Bayer-Villiger monooxygenase (BVMO)-based biotransformation of long chain fatty
acids into medium chain fatty acids. For instance, oleic acid was efficiently transformed into n-nonanoic acid and
9-hydroxynonanoic acid by the recombinant Escherichia coli expressing the BVMO from Pseudomonas putida
KT2440 as a key enzyme. In addition, we will present oxygenation of polyunsaturated fatty acids into hydroxy fatty
acids and secondary fatty alcohols by the recombinant E. coli expressing a lipoxygenase from Pseudomonas

aeruginosa (Pa-LOX) or Enhygromyxa salina as a key enzyme. For example, 6S-hydroxy-(7E,9Z)-heptadecadiene
tris(2-carboxyethyl)phosphine, and decarboxylation of the hydroxy fatty acid by the photoactivated decarboxylase
from Chlorella variabilis NC64A to a conversion of ca. 74% in a one-pot process. This study will contribute to the
enzymatic production of industrially relevant fatty acids and fatty alcohols.
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was produced from linoleic acid by dioxygenation of linoleic acid by Pa-LOX, reduction of the peroxide by
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S7-3
Discovery and Engineering of Enzymes for the Production of
Bio-Based Chemicals Using Microbial Cell Factories
Jeong Chan Joo*
Department of Biotechnology, The Catholic University of Korea, Bucheon 14662, Republic of Korea

Development of a sustainable manufacturing process is very important to mitigate growing concerns over
petroleum shortages, climate change, energy security, and human health. There have been tremendous efforts to
produce commodity chemicals and value-added chemicals from renewable resources such as biomass. In addition,
non-conventional feedstocks such as plastic wastes have been considered as alternative carbon resources to reduce
the utilization of fossil feedstocks. Upcycling of plastic wastes has been widely investigated for the circulation of
carbon resources. Chemo- and biological hybrid process is thus intensively studied to overcome the limitations of
each approach. For example, the chemical process can depolymerize the plastic polymers, and then the biological
cell factories have been successfully applied to produce chemicals from biomass or plastic wastes. In this talk, the
discovery and engineering of key enzymes employed in the biosynthesis of bio-based plastics or upcycling of
plastic wastes will be presented.

231

Symposium

process can convert depolymerized mixtures into value-added chemicals. For this purpose, engineered microbial
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Enzyme Engineering and Cell Factories for the Production of
Microbial Colorants in Escherichia coli
Kwon-Young Choi1,2*
1

Department of Environmental Engineering, College of Engineering, Ajou University, Suwon 16499,
Republic of Korea, 2Department of Environmental and Safety Engineering, College of Engineering, Ajou University,
Suwon 16499, Republic of Korea

Recently, colorants produced by microbial have attracted great intentions along with the developments in
biotechnology and growing concerns about environmental pollution. Especially, microbial colorants could be a
sustainable alternative for fossil fuel-based colorants. For example, indigo is one of the oldest known dyes and is a
major component of dyes used for coloring jeans their classical blue hue. Traditionally, indigo was extracted from
indigo-producing plants, but synthetic indigo has been in use since the development of efficient chemical
engineered microbial strains. Indigo can undergo an electron transfer accompanied by a distinct color change, due
to a redox reaction made possible by its chemical structure and intramolecular organization. In addition, it
exhibits excellent biocompatibility and biodegradability. Besides, several microbial dyes and pigments such as
melanin, violacein, and deinoxanthine were reported and applied for various fields. Melanin, a representative biomelanin, has interesting functionalities such as UV-protection, metal chelation, antioxidant activity, and electron
storage capacities. Here, we provide an engineering strategy to produce microbial dyes and pigments in

Escherichia coli strains, which utilized amino acid metabolic pathways. Also, enzymes involved in these microbial
dyes and pigments were engineered to obtain desired production titers and productivities. Finally, several
applications of microbial pigments in dyeing, UV- protective materials, and PHA biodegradable polymers were
introduced.
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syntheses, and presently, various indigo isomers and derivatives can be readily synthesized by metabolically
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S8-1
Community Evolution Characteristics of the Marine Microbiota in
the Subtropical Beibu Gulf, China
Nan Li1, Sangseob Lee2, and Ke Dong3*
1

Department of Biotechnology, Nanning Normal University, Nanning 530001, P.R. China, 2College of Biotechnology and
Bioengineering, Sungkyunkwan University, Suwon 16419, Republic of Korea, 3Department of Life Science Major,
College of Convergence and Integrated Science, Kyonggi University, Suwon 16227, Republic of Korea

Revealing microbial ecology under coastal eutrophication is crucial to our understanding of microbial
community shift in marine pollution background. We investigated the diversity, putative interspecies interactions,
assembly features and environmental responses of bacterial and fungal communities along an eutrophication
gradient present in the subtropical Beibu Gulf, southern China. The results exhibited that the alpha diversity and
beta diversity of bacterial and fungal communities were significantly different among eutrophic states. The
increasing nutrient concentrations. We found that temperature, Chl-a, TDN and NO 3– were the main
environmental drivers of bacterial community structure. While abundant fungi were mainly influenced by carbon
compounds, rare taxa were simultaneously affected by carbon, nitrogen and phosphorus compounds. Stochastic
processes dominated the community assembly of planktonic fungi across the eutrophication gradient. Overall, our
study provides new insight into the community evolution characteristics of the marine microbial communities
responding to gradients of eutrophication in Beibu Gulf, China.

234

Symposium

eutrophication significantly altered the bacterial and fungal communities, and the interaction was enhanced with
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Heme Auxotrophy in the Predominant Aquatic Bacterioplankton
Suhyun Kim, Ilnam Kang, and Jang-Cheon Cho*
Department of Biological Sciences, Inha University, Incheon 22212, Republic of Korea

Many prokaryotes in their natural environments exhibit metabolic dependence on other life forms’ metabolites,
explaining why the majority of bacteria and archaea are unculturable. Here we present that the acI lineage, the
predominant free-living bacterial group in freshwater environments, shows metabolic dependency on heme.
Heme is an iron-based porphyrin ring and essential for respiration. Heme-auxotrophic microbes are known to be
limited to pathogens, symbionts, or commensal microorganisms. Only recently two stable axenic strains in the acI
lineage were obtained by supplying catalase as a critical growth supplement. However, further experimental
observations and genomic studies suggested that detoxification of hydrogen peroxide might not be a key factor for
the successful cultivation of the acI lineage. We found that two recently cultivated acI isolates require exogenous
acI strains isolated to date lacked essential enzymes necessary to synthesize heme, indicating that heme
auxotrophy is a conserved trait in this lineage. Additionally, genome analyses using the Genome Taxonomy
Database (GTDB) revealed that heme auxotrophy is unexpectedly widespread across abundant but not-yetcultivated microbial groups, including Patescibacteria, Marinisomatota (SAR406), Actinomarinales (OM1), and
Marine group IIb and III of Euryarchaeota. Our findings indicate that heme auxotrophy is a more common
phenomenon than previously thought, and heme may be the focus of future research on the metabolic
dependency.
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heme for growth. One of the cultured acI isolates also exhibited auxotrophy for riboflavin. Further, genomes of all
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Environmental Factors on Physiology and Ecology of
Ammonia-Oxidizing Archaea
Jong-Geol Kim*
Department of Biological Science, Wonkwang University, Iksan 54538, Republic of Korea

Ammonia-oxidizing archaea (AOA), that is, members of the Thaumarchaeota phylum, are abundant in marine
and soil environments and are known to be involved in ammonia oxidation. However, controls on cell growth,
potential of organic carbon assimilation, and population of them is still under debate. We isolated a variety of
AOAs from seawater and soil which requires supplementation of organic acids in medium for its growth. First, we
investigated the effect organic carbon on archaeal nitrification using two soil AOA clades. Complex organic and
some amino acids were highly inhibitory to growth of AOA.
Interestingly, we found the inhibitory effect to AOA can be dissipated by augmenting trace metals and copper
complexation potential of organics. Second, unexpectedly, a tracer experiment indicates that organic carbon
incorporation into archaeal cellular lipids was negligible and most of lipids carbons are from dissolved inorganic
carbons. Further, any scavenger of hydrogen peroxide (H2O2) such as dimethylthiourea and catalase could replace
organic acid requirement. In fact, all organic acids stimulated the growth of AOA were α-keto acids which can
degrade H2O2 by nonenzymatic decarboxylation. This was verified by that only carboxyl carbon of pyruvate
carbons was released into medium. Genomic analysis indicates that known AOA strains to require α-keto acids
are lack of putative catalase genes and might be sensitive to high concentration of H2O2. Lastly, we isolated three
spindle-shaped viral strains designated NSV1, 2, and 3 (Nitrosopumilus spindle virus 1, 2, and 3, respectively) was
isolated from seawater samples taken from the western coast of Korean Peninsula using a host AOA strain SW.
The morphology of NSV indicates that NSV belongs to the genus of Fusellovirus of the family Fuselloviridae.
Replication of the NSV retarded host growth but did not cause lysis of the host cell. Our results indicate that
copper and H2O2 are implicated as a key factor determining activity and distribution of AOA ecotypes, and
interactions between AOA and their viruses might play important to affect biogeochemical cycles of nitrogen and
carbon in marine and soil environments.
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solely can replace trace metals. This indicates that organic inhibition to AOA is associated with copper
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Metabolic Cooperation and Spatio-Temporal Dynamics of
Microbiota
Yongkyu Kim1,2, Sonja Blasche2,3, and Kiran R Patil2,3*
1

Brian Science Institute, Korea Institute of Science & Technology (KIST), Seoul 02792, Republic of Korea,
2
Structural and Computational Biology, European Molecular Biology Laboratory (EMBL), Germany,
3
MRC Toxicology Unit, University of Cambridge, UK

Microbial communities often undergo intricate compositional changes yet also maintain stable coexistence of
diverse species. The mechanisms underlying long-term coexistence remain unclear as system-wide studies have
been largely limited to engineered communities, ex situ adapted cultures or synthetic assemblies. Here, we show
how kefir, a natural milk-fermenting community of prokaryotes (predominantly lactic and acetic acid bacteria)
and yeasts (family Saccharomycetaceae), realizes stable coexistence through spatiotemporal orchestration of
kefir microorganisms) grow in mass but remain unchanged in composition. In contrast, the milk is colonized in a
sequential manner in which early members open the niche for the followers by making available metabolites such
as amino acids and lactate. Through metabolomics, transcriptomics and large-scale mapping of inter-species
interactions, we show how microorganisms poorly suited for milk survive in—and even dominate—the
community, through metabolic cooperation and uneven partitioning between grain and milk. Overall, our
findings reveal how inter-species interactions partitioned in space and time lead to stable coexistence.
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species and metabolite dynamics. During milk fermentation, kefir grains (a polysaccharide matrix synthesized by
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S9-1
Improvement of Heat Stability in Bacteriophages
Minsik Kim
Department of Food and Nutrition, College of Human Ecology, Yonsei University, Seoul 03722, Republic of Korea

Bacteriophages, bacterial viruses, are now being re-highlighted as novel antimicrobial agents to replace the
conventional antibiotics to overcome the threats from antibiotic resistance. However, due to its proteaceous nature
of capsid, the use of phages in thermal processing is often restricted. Here, we investigated two strategies that
improve the heat stability of phages targeting Staphylococcus aureus or Salmonella Typhimurium. Firstly, through
the 30 sequential challenges of S. aureus-infecting phage SA3821 with sodium pyrophosphate and random
selections, a suspected mutant phage SA3821M was isolated. Compared to the parental phage SA3821, SA3821M
showed increased heat resistance and bactericidal activity. Various mutations and a deletion were found in the
SA3821M genome mainly concentrating in the phage tail module genes, but the host range and the phage receptor
infecting phage ΦYMFM0293 was repeatedly exposed to the sub-lethal temperature and infected to its host for
adaptive evolution (AE). After 15 cycles, the obtained AE phage showed about 1000 times more survivability at 73
or 74°C for 1 h than its WT ancestor. While a non-heat-treated control phage contained only one mutation in the
functionally unknown hypothetical protein, 8 independently obtained AE phages possessed at least two missense
mutations within four genes including genes for tail tape measure protein and tail fiber. Again, the host range,
phage receptor, and virion morphology were not altered. When the AE phage was supplemented to scalding water
in the poultry processing model, the number of artificially contaminated Salmonella cells on poultry skin were
significantly reduced compared to those in the control groups of normal water and WT phage. These results
suggested that the phage tail module is responsible for the determination of phage’s heat stability, and thus, it could
be an engineering target to get the thermostable phages that can be practically applied during the thermal
processing.
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as well as the apparent virion tail under electron microscope were not changed. Secondly, S. Typhimurium-
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S9-2
Potential of Bacteriophage as a Treatment for Human Infection
Jungmin Kim
Department of Microbiology, School of Medicine, Kyungpook National University, Daegu 41566, Republic of Korea

Bacteriophages (phages) are bacterial viruses that play an important role in bacterial biology, diversity, and
evolution. Due to their ability to lyse bacteria, attempts have been made to use lytic phages to treat bacterial
infections, and some have shown clinical promise as therapeutic antimicrobial agents. Recently, we isolated several
novel phages and evaluated some of them for their efficacy and suitability for treating bacterial infectious disease.
A lytic Staphylococcus aureus bacteriophage SAP-26 (SAP- 26Ø) showed a wide spectrum of lytic activity
against both methicillin-resistant S. aureus and methicillin-susceptible S. aureus. Combined treatment with SAP26Ø and antimicrobial agents showed a strong biofilm removal effect which induced structural changes in the
biofilm matrix and a substantial decrease in the number of bacteria. We also determined whether the
murine model. The results suggest that a topical application of bacteriophages, which exhibits anti-staphylococcal
activities, may be an effective therapeutic method in atopic skin inflammation which is aggravated by S. aureus.
We cloned the endolysin (lysin) from the SAP-26 bacteriophage genome. The recombinant LysSAP26 protein
inhibited the growth of carbapenem-resistant Acinetobacter baumannii, Escherichia coli, Klebsiella pneumoniae,
and Pseudomonas aeruginosa, oxacillin-resistant Staphylococcus aureus, and vancomycin-resistant Enterococcus

faecium with minimum inhibitory concentrations of 5~80 µg/mL. In animal experiments, mice infected with A.
baumannii were protected by LysSAP26, with a 40% survival rate. Transmission electron microscopy analysis
confirmed that LysSAP26 treatment resulted in the destruction of bacterial cell walls. LysSAP26 is a new endolysin
that can be applied to treat MDR A. baumannii, E. faecium, S. aureus, K. pneumoniae, P. aeruginosa, and E. coli
infections, targeting both Gram-positive and Gram-negative bacteria.
Lysins degrade the bacterial cell wall peptidoglycan and may help control pathogens, especially MDR bacteria
prevalent in hospital settings. We conducted a trial to verify the potential of lysin as disinfectant to kill bacteria
contaminating medical devices that cause hospital infections. Eight catheters removed from hospitalized patients
were collected and tested for their ability to kill bacteria contaminating the catheters using two lysins, LysSS and
CHAP-161. LysSS could inhibit catheter-contaminating bacteria, including C. striatum and S. epidermidis,
compared with untreated controls but could not inhibit the growth of E. faecium. CHAP-161 showed more
bactericidal effects than LysSS, but could not inhibit the growth of S. epidermidis. The study showed the potential
of lysin as an alternative disinfectant for hazardous chemical disinfectants used in hospitals.
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S9-3
Application of Phage Therapy for Human Infection Treatment
Dongeun Yong1,2*
1

Department of Laboratory Medicine and Research Institute of Bacterial Resistance, Yonsei University College of Medicine,
Seoul 03722, Republic of Korea, 2Microbiotix Incorporation, Seoul 03722, Republic of Korea

Multidrug-resistant organisms (MDROs) in community and hospital settings are growing concerns worldwide.
However, development of new antimicrobials is facing a big huddle which limits the choice of appropriate
antibiotic treatment against MDROs. Currently, phage (bacteriophage) therapy has gained interest to treat
infections which are unresponsive to conventional antimicrobials. In such cases, clinicians need new options.
Increasing reports of expanded access and compassionate use of phage have been published, but been diverse in
the details to approach, methodology, and situations for phage therapy consideration. Herein, I will summarize the
questions which were issued in the current articles, including phage therapy indications, antibiotic synergy, safety
were performed in Microbiotix, a Korean start-up company working on the phage therapy, will be addressed.
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S9-4
Neural Mechanism Mimetic 2nd Generation Electronic Nose
Jin-Woo Oh
Department of Nanoenergy Engineering, Pusan National University, Pusan 46241, Republic of Korea

From a practical point of view, the eventual dream is that the electronic nose will replace the K9-like tasks of
detecting explosives, drugs, missing persons, diseases, etc. With this vision, electronic noses employing various
materials and different detection methods are continuously being developed. Despite the strong potential of
electronic noses, practical implementation has a hurdle to overcome. The K9 olfactory receptors incorporate up
to ~ 220 million units. To realize a biomimetic electronic nose with a detection performance comparable to that of
the K9, the number of the sensor units should be equal. To overcome this, understanding how K9’s brain analyzes
signals generated by its olfactory system is crucial. Signals generated by 220 million olfactory receptors are
selectively and partially activated through the brain’s learning process, called the neural pattern separation (NPS).
noisy stimuli in large and complex olfactory systems. To understand this incredible success, neuroscientists go
beyond the hardware-based perspective and provide a convincing explanation based on the information
processing system of the neural network. The patterns that are generated in the olfactory organs are very large and
complex, and the internal method by which the brain computes patterns is not yet clear. Therefore, it is difficult to
find the direct correlation between them. However, mechanism studies in olfactory organs provide clues to the
selective actions that drive specific combinations of input signals. Here, by mimicking olfactory network
dynamics, we developed the NPS, as shown in Figure below, and used it to develop a second-generation electronic
nose. To demonstrate characteristics of the 2nd generation electronic nose with the NPS, we conducted studies that
applied to a variety of applications, including polycyclic aromatic compound (PAH) detection, respiratory-based
lung cancer diagnosis, and fruit freshness monitoring.
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49th Annual Meeting &
International Symposium

Symposium
Study of Biotechnology
S10 Recent

Based-on Microbial Genomics

49th Annual Meeting & International Symposium

2022 KMB Selected Five Leading Technologies in Microbiology and Biotechnology

The Korean society for
Microbiology and Biotechnology

S10-1
Human Microbiome in the Gnotobiotic Pig Model to Investigate
Clostridioides difficile Infection
Hyeun Bum Kim*
Department of Animal Resources Science, Dankook University, Cheonan 31116, Republic of Korea

Clostridioides difficile is a major cause of antibiotic-associated diarrhea worldwide. In order to evaluate the
efficacy of oral tigecycline treatment (2 mg/kg of body weight for 7 days) on Clostridioides difficile infection (CDI)
using the gnotobiotic pig model, we developed the humanized pig model populated with human gut microflora.
Then, the effects of the oral tigecycline treatment on human gut microflora transplanted into the gnotobiotic pig
was determined. Tigecycline oral treatment did not promote CDI, however, it improved survival, clinical signs,
and lesion severity and markedly decreased concentrations of Firmicutes. Our data indicated that oral tigecycline
treatment has the potential beneficial effects on the treatment of CDI.
Symposium
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S10-2
Development of Inner-Beauty Ingredients from the Food Sources
Dong-Uk Jo1, Woo-Jin Sim1, Young-Wook Chin2, Tae-Wan Kim2, and Tae-Gyu Lim1*
1

Department of Food Science & Biotechnology, Sejong University, Seoul 05006, Republic of Korea,
2
Korea Food Research Institute, Wanju 55365, Republic of Korea

It is commonly accepted that the human skin is one of the crucial organs of our body, and those functions have
been well-reported such as body temperature modulation. However, as the outer surface of our body, the human
skin has been faced with various environmental factors. And those factors abundantly influence our skin at a
protein level in the skin cells. The major environmental factor that could induce many human skin changes is
ultraviolet (UV) in the sunlight. As we know, excessive exposure to sunlight might cause sunburn and skin aging.
Those UV activates many intracellular signaling pathways and subsequently induce various proteins expression
related to skin aging. Representative features of skin aging are increased wrinkles and skin hydration.
skin aging. Our recent study demonstrated that intake of snail mucin regressed UV-induced dorsal wrinkle
formation in the animal study. Furthermore, the collagen content in mouse dorsal skin was substantially decreased
by UV exposure, and the preventive activity was confirmed in the snail mucin administration group. In addition,
the skin moisture content and elasticity improved in the snail mucin treatment group.
Another recent investigation shows direct tyrosinase activity inhibition of the fermentation extract from

Saccharomyces cerevisiae. We obtained the fermentation extract from the by-product of the Soju production. As
tyrosinase is a critical enzyme for melanin generation, we found that the fermentation extract from a by-product
of the Soju revealed melanin inhibition in melanoma cells. Moreover, the skin whitening activity of the
fermentation extract was assured in human skin trial study. Considering several world-leading cosmetic
companies have launched the fermentation product applied to cosmetics, our recent study might be a clue for
developing Korean fermentation cosmetic products.
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S10-3
Sequential Cooperation of Vibrio vulnificus Exotoxins
Encoded in Distinct Genetic Loci
Byoung Sik Kim*
Department of Food Science and Biotechnology, Ewha Womans University, Seoul 03760, Republic of Korea

Seafood-borne pathogen Vibrio vulnificus can cause lethal septicemia in human by destroying host gut barrier,
like intestinal epithelium. Genomic analyses had revealed that this pathogen encodes multiple exotoxin genes.
Although the function of each individual exotoxins during V. vulnificus infection was intensively investigated,
their interactions and potential synergistic roles in V. vulnificus-induced rapid epithelial cell death has been barely
analyzed. Here, the cooperative functions of V. vulnificus exotoxins were examined by constructing a series of
multiple exotoxin mutants. When human epithelial cells were treated with a plpA deletion mutant, an unusually
prolonged cell blebbing was observed, suggesting the important role of PlpA, a phospholipase A2, in rapid necrotic
prerequisite of multifunctional autoprocessing repeats-in-toxin (MARTX) toxin for the cell blebs. Importantly,
external addition of the purified PlpA protein completely disrupted the MARTX toxin-induced blebbed cells.
Furthermore, a MARTX toxin-dependent rapid release of host cell cytosolic contents was considerably dampened
if V. vulnificus has the plpA deletion. Mutations in other exotoxins such as elastase, cytolysin/hemolysin, and/or
extracellular metalloprotease did not affect the bleb dynamics. These findings indicate that two exotoxins encoded
in entirely distinct genetic loci of V. vulnificus do cooperate sequentially: the pore forming MARTX toxin induces
host cell blebbing and the phospholipase A2, PlpA, disrupts such blebs to achieve the rapid necrotic death of host
epithelium.
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cell death. Additional deletion of a rtxA gene made V. vulnificus not to cause the necrotic cell blebs, indicating the
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S10-4
Evaluation of the Applicability of a Staphylococcus aureus
Bacteriophage through Genomic Mutation
Yoonjee Chang1, Jaewoo Bai2, Ju-Hoon Lee3*, and Sangryeol Ryu3*
1

Department of Food and Nutrition, Kookmin University, Seoul 02707, Republic of Korea, 2Division of Applied Food System,
Major in Food Science & Technology, Seoul Women’s University, Seoul 01797, Republic of Korea, 3Department of Food and
Animal Biotechnology, Department of Agricultural Biotechnology, Research Institute of Agriculture and Life Sciences,
and Center for Food and Bioconvergence, Seoul National University, Seoul 08826, Republic of Korea

Staphylococcus aureus is widespread in various environmental habitats. S. aureus infection causes various
clinical symptoms (purulent inflammation, septicemia, endocarditis, and toxic shock syndrome, etc.) and foodborne poisoning (abdominal cramps, diarrhea, and vomiting, etc.). It has been reported that methicillin-resistant

S. aureus is frequently detected in contaminated dairy and meat products all over the world. Therefore, control of
S. aureus in foods is important to reduce S. aureus outbreaks. However, the use of antibiotics and artificial
biocontrol of S. aureus in foods are required.
Bacteriophages (phages) are viruses that infect only prokaryotes (bacteria and archaea) with host specificity and
growth inhibition activity for its replication and propagation. In general, the life cycle of the phage consists of two
alternatives: following phage infection of the host strain, the phage chooses to enter either a lytic or lysogenic
cycle. A virulent phage only undergoes the lytic cycle for host lysis and thus has the potential to be developed as a
novel biocontrol agent against a specific host pathogen. In addition, the phage takes advantage of the infection and
lysis of antibiotic-resistant strains without affecting other bacteria or human cells.
Therefore, it is necessary to obtain a virulent phage from a temperate one using molecular techniques to control

Staphylococcus aureus efficiently. SA13, a novel temperate phage infecting S. aureus, was isolated and characterized.
From this phage, mutant phages were generated by random deletion mutations, and a virulent mutant phage
SA13m was selected. Comparative genome analysis revealed that the SA13m genome contains various nucleotide
deletions in six genes encoding three hypothetical proteins and three lysogeny-associated proteins, including
putative integrase, putative CI, and putative anti-repressor proteins. Mitomycin C induction of SA13m-resistant
strains revealed that this mutant phage does not form lysogen, suggesting that SA13m is a virulent phage. In
addition, SA13m showed rapid and long-lasting host cell growth inhibition activity. Furthermore, application of
SA13m in sterilized milk showed that S. aureus was reduced to non-detectable levels both at refrigerator
temperature (4°C) and room temperature (25°C), suggesting that SA13m can efficiently control the growth of S. aureus
in foods. The virulent mutant phage SA13m could be used as a promising biocontrol agent against S. aureus
without lysogen formation. The results confirm that the introduction of random mutations into temperate phage
genomes to obtain a virulent phage would be a useful strategy to develop an efficient biocontrol agent against S. aureus.
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S10-5
Exploration of Novel Bacteriophage Proteins for Biocontrol and
Rapid Detection of Foodborne Pathogens
Minsuk Kong*
Department of Food Science and Technology, SeoulTech, Seoul 01811, Republic of Korea

The enormous reservoir of novel genes within bacteriophages also provides potential resource for medical,
molecular, and biotechnological applications. Among them, phage-encoded peptidoglycan hydrolases (endolysins)
have gained growing attention as a natural antimicrobial agent due to their potent lytic activity and specificity. In
addition, cell wall binding domains of endolysins and phage tail spike proteins can be used as novel detection tools
for target pathogens. In this lecture, I will introduce several novel phages infecting Bacillus cereus, Clostridium

perfringens, and Geobacillus stearothermophilus isolated from environments and their endolysins. Using
recombinant endolysins and their functional domains, their feasibility as novel materials to control and detect
O157:H7 cells.
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foodborne pathogens was tested. Also, I will present a tail spike protein of a phage phiV10 for detection of E. coli
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S11-1
Expanded Metabolic Versatility of Extremophilic
Verrucomicrobial Methanotrophs
Sung-Keun Rhee* and Samuel Imisi Awala
Department of Biological Sciences and Biotechnology, Chungbuk National University,
Cheongju 28644, Republic of Korea

Extremophilic verrucomicrobial methanotrophs living in acidic geothermal ecosystems were initially thought
to be metabolically confined. Later autotrophic growth of thermophilic and mesophilic verrucomicrobial
methanotrophs on H2 with CO2 was observed. In this study, microbial propane oxidation was observed only in the
presence of methane in Methylacidiphilum dominated-enrichment cultures derived from an acidic geothermal
environment. Two Methylacidiphilum isolates strains IT5 and IT6 derived from these cultures did not grow solely
on propane but unexpectedly grew on C3 intermediates of propane oxidation as sole carbon and energy sources.
analyses and supported by physiology and substrate specificity tests. A gene cluster involved in the pathway of
2-propanol conversion to pyruvate via acetol was found and surprisingly, one of three operons encoding a copper
membrane monooxygenase (CuMMO), pmoCAB3, resides in the gene cluster and was found to catalyze acetone
oxidation to acetol. Coupling of PmoCAB1/2- dependent co-metabolic oxidation of propane to 2-propanol with
complete oxidation pathway of 2-propanol enabled complete oxidation of propane.
Additionally, one of the isolates, strain IT6, respired a nitrogenous greenhouse gas, N2O, as an alternative
electron acceptor in anoxic conditions. Thus, the discovery of a novel function of CuMMO, the ability to utilize C3
compounds and respire an alternative electron acceptor expand the current metabolic traits of verrucomicrobial
methanotrophs. Thus, the discovery of a novel function of CuMMO and the capability to respire N2O expands the
metabolic flexibility of verrucomicrobial methanotrophs.
This work was supported by NRF grants from the Korean government through the Ministry of Education
(2020R1A6A1A06046235).
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S11-2
Non-Digestible Carbohydrates-Utilizing Human Gut Bacteria
Dong-Hyun Jung1 and Cheon-Seok Park2*
1

Microorganism Resources Division, National Institute of Biological Resources, Incheon 22689, Republic of Korea,
2
Graduate School of Biotechnology and Institute of Life Science and Resources, Kyung Hee University,
Yongin 17104, Republic of Korea

Non-digestible carbohydrates (NDCs) in the diet reaches the large intestine without degradation, where it is
decomposed by the commensal microbiota. The fermentation of NDCs produces secondary metabolites including
short chain fatty acids, which have been linked to a variety of physiological and health effects. In this study,

Bifidobacterium adolescentis P2P3 showing very strong RS granule utilization activity was isolated from human
feces. The main objectives are to predict RS-degrading enzymes (RSDs) in its genome based on comparative
genomic analysis, and to confirm the properties of predicted RSDs. The genome of B. adolescentis P2P3 comprises
heterologous expressed RSDs exhibited non-gelatinized HACS-degrading activity as well as typical α-amylase
activity. Among the three RSDs, RSD2 exhibited greater activity toward HACS-granules. These results suggest that
RSD2 is a specific key enzyme on degradation of HACS-granules. RS-degrading bifidobacteria showed the
phenomenon about adhesion to starch granules and formation of starch granule clusters. The phenomenon was
associated with cell surface-RSDs containing carbohydrate-binding modules. In order to explain this
phenomenon, a strategy model for RS degradation by cross-linked cells and granules using CBM25b was
proposed. It implies that RSDs containing CBMs are essential enzymes which provide a competitive advantages to
bifidobacteria in efficient utilization of RS to survive in particular niche in abundant RS such as human gut.
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S11-3
Importance of Rigidity of Ice-Binding Protein (FfIBP) for
Hyperthermal Hysteresis Activity and Microbial Survival
Jisub Hwang1,2, Bomi Kim1,2, Min Ju Lee1,2, Eun Jae Kim3, Sung Mi Cho3, Sung Gu Lee1,2,
Se Jong Han2,3, Kitae Kim1,2, Jun Hyuck Lee1,2, and Hackwon Do1,2*
1

Research Unit of Cryogenic Novel Material, Korea Polar Research Institute, Incheon 21990, Republic of Korea,
2
Department of Polar Sciences, University of Science and Technology, Incheon 21990, Republic of Korea,
3
Division of Life Sciences, Korea Polar Research Institute, Incheon 21990, Republic of Korea.

Ice-binding proteins (IBPs) are well-characterized proteins responsible for the cold-adaptation mechanisms.
Despite extensive structural and biological investigation of IBPs and antifreeze proteins, only a few studies have
considered the relationship between protein stabilization and thermal hysteresis (TH) activity as well as the
implication of hyperactivity. Here, we investigated the important role of the head capping region in stabilization
on the ice-binding site of the hyperactive FfIBP are immobilized, which could be correlated with TH activity.
Further comparison analysis indicated the disulfide bond in the head region is mainly involved in protein
stabilization and is crucial for hyper-TH activity. This finding could also be generalized to known hyperactive
IBPs. Furthermore, in mimicking the physiological conditions, bacteria with membrane-anchored FfIBP formed
brine pockets in a TH activity-dependent manner. Cells with a higher number of TH-active IBPs showed an
increased number of brine pockets, which may be beneficial for short- and long-term survival in cold
environments by reducing the salt concentration. The newly identified conditions for hyper-TH activity and their
implications on bacterial survival provide insights into novel mechanistic aspects of cold adaptation in polar
microorganisms.

252

Symposium

and the hyper-TH activity of FfIBP using molecular dynamics simulation. Data comparison revealed that residues
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S11-4
Improving Hydrogen Production by pH Adjustment in
Pressurized Gas Fermentation
Gwon Woo Park1, Myounghoon Moon1, Jeong-Ho Park1, Jae-Hwan Jo1,2, Hyun Sook Lee3,
Joon-pyo Lee1, Sangmin Lee1, Soo Youn Lee1, Jiye Lee1, Min-Sik Kim4*, and Jin-Suk Lee1
1

Gwangju Bio/Energy R&D Center, Korea Institute of Energy Research, Gwangju 61003, Republic of Korea,
Interdisciplinary Program for Agriculture and Life Sciences, Chonnam National University, Gwangju 61186, Republic of Korea,
3
Marine Biotechnology Research Center, Korea Institute of Ocean Science and Technology, Busan 49111, Republic of Korea,
4
Energy Resources Upcycling Research Laboratory, Korea Institute of Energy Research, Daejeon 34129, Republic of Korea

2

Gas fermentation utilizes syngas converted from biomass or waste as feedstock. A bubble column reactor for
pressurizing was designed to increase the mass transfer rate between gas and liquid, and reduce energy
consumption by medium agitation. Thermococcus onnurineus, a hydrogenic CO-oxidizer, was cultured initially
productivity was 363 mmol/l/h, without pH adjustment. When additional pressure was applied, the pH rapidly
declined; this may be attributed to the increased CO2 solubility under pressure. By controlling pH, H2 productivity
increased up to 450 mmol/l/h; which is comparable to the previously reported H2 productivity in a continuous
stirred tank reactor. The results may suggest energy saving potentials of bubble column reactors in gas
fermentation. This finding may be applied to other gas fermentation processes, as syngas itself contains CO2 and
many microbial processes also release CO2.
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under ambient pressure with the initial inlet gas composition; 60% CO and 40% N 2. The maximum H2

49th Annual Meeting &
International Symposium

Symposium
Generation of Probiotics: from
S12 Next

Nutribiotics to Pharmabiotics

49th Annual Meeting & International Symposium

2022 KMB Selected Five Leading Technologies in Microbiology and Biotechnology

The Korean society for
Microbiology and Biotechnology

S12-1
Symbiotic Degradation of Agarose by Two Human Gut Bacteria as a
Clue for the Anti-Colon Cancer Effect of Dietary Red Seaweeds
Kyoung Heon Kim
Department of Food Bioscience and Technology, College of Life Sciences and Biotechnology, Korea University,
Seoul 02841, Republic of Korea

Various health beneficial outcomes associated with red seaweeds, especially their polysaccharides, have been
claimed, but the molecular pathway of how red seaweed polysaccharides are degraded and utilized by cooperative
actions of human gut bacteria has not been elucidated. Here, we investigated the enzymatic and metabolic
cooperation between two human gut symbionts, Bacteroides plebeius and Bifidobacterium longum ssp. infantis,
with regard to the degradation of agarose, the main carbohydrate of red seaweed. Our discovery of the cooperative
actions of the two human gut symbionts on agarose degradation and the identification of the related enzyme genes
degradation by gut bacteria. Furthermore, agarose derived oligo- and mono-saccharides from red seaweeds were
suggested in vitro to confer beneficial health effects, including prebiotic and anti-colon cancer activities, to the
host.
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and metabolic intermediates generated during the metabolic processes provide a molecular basis for agarose
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S12-2
Human Intestinal Organoid for Modeling Host-Probiotic Interactions
Mi-Young Son1,2*
1

Stem Cell Convergence Research Center, Korea Research Institute of Bioscience and Biotechnology (KRIBB),
Daejeon 34141, Republic of Korea, 2Department of Biomolecular Science, University of Science & Technology (UST),
Daejeon 34113, Republic of Korea

The small intestine (SI) is a complex organ with multiple histological and functional structures that promote
efficient nutritional absorption, control intestinal microorganisms, and provide protection and defense against
pathogens and toxins. Several studies have shown that a stepwise differentiation process can efficiently produce
human intestinal organoids (hIOs), a three-dimensional (3D) structure of epithelial cells derived from human
pluripotent stem cells (hPSCs). Recently, we described an in vitro maturation technique for generating adult-like,
mature 3D hIOs from hPSCs that closely resemble the in vivo tissue structure and cellular diversity. In this study,
human intestinal maturation and functional development using the hPSC-derived hIO system, which is a
physiologically relevant developmental and disease model of the human intestine. We identified a novel strain of

Limosilactobacillus reuteri, isolated from the feces of a healthy infant, and showed that L. reuteri-derived
metabolites have beneficial effects on intestinal maturation, as they induced the transition of immature hIOs into
adult-like mature hIOs and improved the intestinal development of infant mice. Experiments in a hIO-based
intestinal inflamed model revealed that the cell-free supernatant from L. reuteri comprising biologically active
metabolites was important for intestinal protection against cytokine-induced intestinal epithelial injury. Our
findings indicated that novel L. reuteri strain has potential to become a useful agent for treatment for disorders of
early gut development and prevention of intestinal barrier dysfunction.
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S12-3
Studies on the Variability of Microbial Enterotypes to Develop
Precision Synbiotics
Hakdong Shin*
Department of Food Science and Biotechnology, Sejong University, Seoul 05006, Republic of Korea

While previous studies have shown that several probiotic strains have beneficial effects on promoting human
health, however, the inter-individual variability of the gut microbiome suggests the necessity of developing
precision probiotics. As the ‘Gut-Brain axis’ has been proposed, interest in the link between the gut microbiome
and mental health is increasing. In this study, in vitro Korean gut microbiota incubation model was constructed to
screen the effect of probiotics on the gut microbiome. We found different stabilities of probiotic strains on
incubated gut microbiota according to enterotypes, revealing that understanding enterotypes will help to develop
precision probiotics based on individual gut microbiome information. For the selected probiotics L. plantarum
a stress-induced mouse model. We also assess the effects of prebiotics on the selected probiotic strains to increase
the adaptability to the ecological niche. This study is expected to provide major insight into the immune/cognitive
enhancement effects of probiotics with understanding enterotypes to develop precision synbiotics based on
individual gut microbiome information.
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182 strain having immunomodulation activities, the immune/cognitive enhancement effects were identified using
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Rare C30 Carotenoid from Lactiplantibacillus plantarum subsp.
plantarum: from Discovery to Application
Myung-Ji Seo1,2,3*
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Division of Bioengineering, Incheon National University, Incheon 22012, Republic of Korea,
Department of Bioengineering and Nano-Bioengineering, Incheon National University, Incheon 22012, Republic of Korea,
3
Research Center for Bio Materials & Process Development, Incheon National University, Incheon 22012, Republic of Korea
2

Carotenoids are natural pigments widely distributed in nature including plants, microorganisms, and algae. The
unique structural features of carotenoids consisting of electron-rich polyene chain with several conjugated double
bonds contribute photoprotective and antioxidant activities to quench singlet oxygen and free radicals. In addition,
the role of carotenoids to be structural molecules by integrating into lipid membranes contributes to the
modulation of membrane fluidity. These biophysical and biochemical properties of carotenoids increase the
belong to majorly C40 carotenoids including lycopene, beta-carotene, and astaxanthin. Whereas the microbial
biosynthesis, biological activities, and mass production strategies for C30 and C50 carotenoids have been less
studied compared to C40 carotenoids, even though they have been consistently discovered and identified in
nature. Therefore, it should be noted that these rare carotenoids, which could be meant that less studied and
developed scientifically and industrially as well, could be considered to be novel bioresources in carotenoidsinvolved industrial fields with high interests. This presentation will provide our current research status focusing
on C30 carotenoid, in particular, 4,4 ′-diaponeurosporene; 1) discovery of C30 carotenoid from potential probiotic,

Lactiplantibacillus plantarum subsp. plantarum, 2) genomic analysis for mining core C30 carotenoid biosynthetic
genes which have been useful to generate novel carotenoids in the recombinant system, 3) optimization of the
fermentation process to enhance the productivity, and 4) evaluation of biological activities, in particular
antioxidant activities of the targeted C30 carotenoid (4,4 ′-diaponeurosporene) and its producers. In this
presentation, we will also slightly deal with other rare C50 carotenoids focused in our research status, to expect the
extension of novel valuable carotenoids from academic (discovery) to industrial (application) fields.
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industrial applications in food, feed, nutra- and pharmaceutical fields. However, most industrialized carotenoids
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S13-1
Microbiome-Gut-Brain Axis Mediating Responses to Amino Acid
Deficit in Drosophila
Greg S.B. Suh*
Department of Biological Sciences, Korea Advanced Institute of Science and Technology (KAIST),
Daejeon 34141, Republic of Korea

Balanced intake of macronutrients – protein, carbohydrate and fat – is essential for the well-being of organisms.
Adequate calorie intake, but with insufficient protein consumption leads to several ailments, including
kwashiorkor. Taste receptors (T1R1-T1R3) can detect amino acids (AAs) in the environment; cellular sensors
(GCN2 and TOR) monitor AAs levels in the cell where AAs are utilized as building blocks for protein synthesis.
Both types of sensors, however, respond to both essential AAs (EAAs) and non-essential AAs (NEAAs). Animals
when deprived of dietary protein select a food source that contains a greater amount of essential amino acids
assistance of the EAA-specific hunger-driven response, which is poorly understood to this date. Here, we show
that a microbiome–gut–brain axis in Drosophila mediates the detection of EAA deficit and stimulation of a
compensatory appetite for EAAs. We found that CNMamide (CNMa) neuropeptide was highly induced in
enterocytes of the anterior midgut during protein deprivation. Genetic silencing of the CNMa-CNMa receptor
axis blocked the EAA-specific hunger-driven response in protein-deprived flies. Furthermore, gnotobiotic flies
bearing an EAA-producing symbiotic microbiome exhibited reduced compensatory appetite for EAAs. By
contrast, gnotobiotic flies carrying a mutant microbiome that failed to produce leucine or other EAAs displayed
higher CNMa expression and greater compensatory EAA appetite. Based on these observations, we propose that
the gut enterocytes sense diet- and microbiome-derived EAA levels and communicate the EAA-deprived
condition through the CNMa peptide that acts on the nervous system. This mechanism appears reminiscent of
FGF21 in mammals, which is induced by protein deprivation and produced by the peripheral tissues, and acts on
the central nervous system.
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(EAAs). This suggests that food selection is geared toward achieving the particular macronutrient target with
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Developing Microbiome-Based Therapeutics against MultidrugResistant Enteric Infections Based on the Results of Individual
Responses to FMT Trials
Jun Yong Choi1 and Sang Sun Yoon2*
1

Division of Infectious Diseases, Department of Internal Medicine, 2Department of Microbiology and Immunology,
Yonsei University College of Medicine, Seoul 03722, Republic of Korea

The prevalence of multidrug-resistant pathogens is increasing the frequency of long-term hospitalization and
higher medical costs due to poor clinical outcomes. Our clinical studies clearly demonstrated that fecal microbiota
transplantation (FMT) can be an effective alternative in decolonizing carbapenemase-producing
enterobacteriaceae (CPE) or vancomycin-resistant enterococci (VRE) from the intestine of infected patients. Of
note, microbiota composition analysis showed that patients with higher richness and biodiversity prior to FMT
dependent on the pre-existing microbiome structure. Based on the fecal microbiome analysis of FMT-responder
vs. FMT-nonresponder subjects, we deduced a consortium of gut commensals that are considered to be
responsible for positive FMT responsiveness. The consortium of 4 different species, termed RC4 (responder
consortium 4), was effective in decolonizing pre-colonized VRE cells in mouse intestine. These results suggest that
RC4 has potential to be developed as a microbiome-based therapeutic against resistant enteric infections. Detailed
results and biological implications with in-depth discussion will be presented.
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resulted in more efficient VRE decolonization. This result likely suggests that the successful outcome of FMT is
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S13-3
Coevolution of Wild Animals and Their Gut Microbiome
Jin-Woo Bae*
Department of Biology, Kyung Hee University, Seoul 02447, Republic of Korea

We comprehensively characterized insect-associated gut bacteria of 305 individuals belonging to 218 species in
21 taxonomic orders, using 454 pyrosequencing of 16S rRNA genes. In total, 174,374 sequence reads were
obtained, identifying 9,301 bacterial operational taxonomic units (OTUs) at the 3% distance level from all samples,
with an average of 84.3 (±97.7) OTUs per sample. The insect gut microbiota were dominated by Proteobacteria
(62.1% of the total reads, including 14.1% Wolbachia sequences) and Firmicutes (20.7%). Significant differences
were found in the relative abundances of anaerobes in insects and were classified according to the criteria of host
environmental habitat, diet, developmental stage, and phylogeny.
We also characterized gut bacterial communities of fish. We analyzed 227 individual fish representing 14 orders,

Firmicutes (13.5%). The gut microbial community of fish was strongly shaped by host habitat compared to host
taxonomy and trophic level. An analysis involving a machine learning approach trained on microbial community
composition or predicted functional profiles demonstrated that the host habitat exhibited the highest classification
accuracy. Principal coordinate analysis revealed that the gut bacterial community of fish significantly differs from
those of other vertebrates (reptiles, birds, and mammals).
We also studied the microbial composition of six wild cephalopod species and compared with other mollusks
and marine fish microbiome to investigate the factors shaping gut microbiota. Each cephalopod gut consisted of a
distinct consortium of microbes. Photobacterium and Mycoplasma were identified as core taxa. The gut microbial
composition of cephalopod reflected their host phylogeny. The importance of host phylogeny was supported by a
detailed oligotype-level analysis of operational taxonomic units assigned to Photobacterium and Mycoplasma,
although Photobacterium typically inhabited multiple hosts, whereas Mycoplasma tended to show host-specific
colonization. Further, we showed that class Cephalopoda has a distinct gut microbial community from those of
other molluscan groups or marine fishes. The gut microbiota of the phylum Mollusca was determined by host
phylogeny, habitat environment and diet.
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42 families, 79 genera, and 85 species. The fish gut microbiota was dominated by Proteobacteria (51.7%) and
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S13-4
Emergent Property of Glycans and a Single Metabolite in
Strain-Level Fitness of the Human Gut Microbiome
Sun-Yang Park1, Chitong Rao1, Katharine Z. Coyte1,7, Gavin A. Kuziel1, Yancong Zhang3,4,
Wentao Huang5,6, Eric A. Franzosa3, Jing-Ke Weng5,6, Curtis Huttenhower3,4,
and Seth Rakoff-Nahoum1,2,4*
1

Division of Infectious Diseases and Division of Gastroenterology, Department of Pediatrics, Boston Children’s Hospital,
MA 02115, USA, 2Department of Microbiology, Harvard Medical School, Boston, MA 02115, USA,
3
Department of Biostatistics, Harvard T. H. Chan School of Public Health, Boston, MA 02115, USA,
4
Broad Institute of MIT and Harvard, Cambridge, MA 02142, USA, 5Whitehead Institute for Biomedical Research,
Cambridge, MA 02142, USA, 6Department of Biology, Massachusetts Institute of Technology, Cambridge, MA 02139, USA,
7
Division of Evolution & Genomic Sciences, School of Biological Sciences, University of Manchester, Manchester M13 9PL, UK

The human gut microbiota resides within a diverse chemical environment challenging our ability to understand
in the human gut, is an emergent property of glycans and one specific metabolite, butyrate. Distinct sugars serve
as strain-variable fitness switches activating context-dependent inhibitory functions of butyrate. Differential
fitness effects of butyrate within the Bacteroides are mediated by species-level variation in Acyl-CoA thioesterase
activity and nucleotide polymorphisms regulating an Acyl-CoA transferase. Using in vivo multi-omic profiles, we
demonstrate Bacteroides fitness in the human gut is associated together, but not independently, with Acyl-CoA
transferase expression and butyrate. Our data reveal that each strain of the Bacteroides exists within a unique
fitness landscape based on the interaction of chemical components unpredictable by the effect of each part alone
mediated by flexibility in the core genome.
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the forces shaping this ecosystem. Here, we reveal that fitness of the Bacteroidales, the dominant order of bacteria
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S13-5
Microbiota-Derived Aminoacyl-tRNA Synthetases
Myung Hee Kim*
Infection and Immunity Research Laboratory, Metabolic Regulation Research Center, KRIBB,
Daejeon 34141, Republic of Korea

The outcomes of recent physiological and omics-based studies, complemented by cellular and animal studies
indicate that human health and disease risk are significantly mediated or modified by microbial communities
referred to as the microbiota. Particularly, gut microbiota employ an arsenal of mechanisms to influence
development and specificity of host immunity. Recent comprehensive studies on commensal bacteria-derived
molecules that regulate host immunity have focused on diet-induced metabolites, such as short-chain fatty acids
and indole derivatives that act as signal molecules in shaping immune homeostasis via host receptors and other
target molecules. Little is known about whether biological systems of microbiota link to host immune and
that play an essential role in decoding genetic information for protein synthesis in every living species. A growing
body of scientific evidence acknowledges that these ARSs in eukaryotic system act as cross-over mediators of
biological processes, such as immunity and metabolism, beyond translation. We hypothesized that commensal
ARSs may act as mediators to regulate host homeostasis. We found that gut-associated bacterial ARSs are involved
in the immune regulation to induce and maintain homeostasis.
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physiology in maintaining homeostasis. Aminoacyl-tRNA synthetases (ARSs) are ubiquitously expressed enzymes
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S14-1
Genome Mining Approach Identifies a Polyketide Pathway for the
Biosynthesis of Atranorin, a Major Cortical Substance of Lichens
Wonyong Kim1*, Rundong Liu1, Kyo Bin Kang2, Hyun Park3, and Jae-Seoun Hur1
1

Korean Lichen Research Institute, Sunchon National University, Suncheon 57922, Republic of Korea,
Research Institute of Pharmaceutical Sciences, College of Pharmacy, Sookmyung Women’s University,
Seoul 04310, Republic of Korea, 3Division of Biotechnology, College of Life Science and Biotechnology, Korea University,
Seoul 02841, Republic of Korea
2

Lichens produce a diverse array of secondary metabolites (SMs) that accumulate in the cortical or medullary
layers of lichen thalli. In addition, axenic culture of lichen-forming fungi often contains unusual SMs, many of
which are not seen in natural lichen thalli. Despite the taxonomic and ecological significance of lichen chemistry,
there has been no single genetic evidence linking biosynthetic genes to lichen SMs. Here, we characterized several
biruloquinone, cristazarin, and other depsidone class metabolites. Phylogenetic analysis of fungal non-reducing
type polyketide synthases (NR-PKS) revealed the ninth clade that includes lichen NR-PKSs responsible for depside
and depsidone biosynthesis. Also, we identified a cytochrome P450 monooxygenase that catalyzes an ether bond
formation of a depside precursor to generate the tricyclic depsidone scaffold. This study contributed to
understanding lichen secondary metabolism, harnessing the lichen’s chemical diversity, hitherto obscured due to
limited genetic information on lichens.
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novel biosynthetic gene clusters (BGCs) responsible for production of lichen-specific SMs, such as atranorin,
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S14-2
Dual Modifications of Histone H3K4 by Set1 Regulate
Morphogenetic Transition in Candida albicans
Jueun Kim and Jung-Shin Lee*
Department of Molecular Bioscience, Kangwon National University, Chuncheon 24341, Republic of Korea

The methylation of histone H3 at lysine 4 (H3K4) is a well-known marker of active transcription in eukaryotes.

Candida albicans has Set1 as its the sole methyltransferase for H3K4. To know how the expression of tightly
regulated inducible genes is controlled by Set1-mediated histone modification, the morphogenetic transition of

C. albicans was used as a model system. Here, we identified that the deletion of SET1 gene caused hyper-filamentous
hyphal formation in various conditions. Through RNA sequencing (RNA-seq) and chromatin immunoprecipitation
followed by sequencing (ChIP-seq) under both normal and hyphal conditions, we found that the Set1 acted as a
negative regulator of hyphal formation by repressing hypha-specific genes, independently of H3K4 trimethylation
expressed. We observed that the H3K4 acetylation is localized and activated hypha-specific genes induction in the
H3K4me3 absent gene regions. Also, the distribution of H3K4 acetylation appears more effective for the hyphal
gene expression in the Δset1 mutant. Our results suggest that Set1 regulates not only the methylation but also
acetylation H3K4 for morphogenetic transition in C. albcians. The regulation between the methylation and
acetylation of H3K4 is also involved in the expression of genes, which are induced explosive expression by
recognizing changes in the external environment.
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(H3K4me3). Surprisingly, H3K4me3 is absent in hypha-specific genes even when these genes were highly
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S14-3
Alternative Splicing of the Histone Demethylase JMJD2
Coordinates Transcription of Ribosomal RNA and Developmental
Genes in the Rice Blast Fungus
Song Hee Lee1,2, Taehyeon Kim1, Eunbyeol Cho1, and Junhyun Jeon1,2*
1

Department of Biotechnology, College of Life and Applied Sciences, Yeungnam University,
Gyeongsan 38541, Republic of Korea, 2Plant Immunity Research Center, Seoul National University,
Seoul 08826, Republic of Korea

Dynamic regulation of histone methylation represents a fundamental mechanism by which eukaryotic cells
adapt their transcriptional response to developmental and environmental cues. Histone demethylases play critical
roles in transcriptional regulation and genome integrity in response to different stages of development and
environments by regulating histone methylation status via interplay with histone methyltransferase. Histone
JMJD2, which belongs to JmjC family, is known to remove methyl groups from H3K9 and H3K36. Here we report
that a JmjC domain-containing histone demethylase, MoJMJD2 regulates transcription of both rDNA loci in
nucleolus and a set of nuclear genes, which are development and pathogenesis related genes, via H3K9 and H3K36
demethylation in Magnaporthe oryzae. We showed that alternative splicing in the MoJMJD2, which appears to be
generated in an environment-dependent manner, such as conidiogenesis condition, generates a protein isoform
lacking a putative nucleolar localization sequence, enabling spatial regulation of genes in distinct nuclear subcompartments. Deletion of MoJMJD2 led to defects in vegetative growth, pigmentation, asexual reproduction,
penetration, invasive growth and cell wall synthesis, and re-introduction of wild-type copy of gene into the mutant
was able to complement all these defects. Moreover, rDNA and some of the key melanin synthesis and cell wall
synthesis genes H3K9me1, and some of key conidiogenesis genes H3K9me1 and H3K9me3 were directly regulated
by MoJMJD2-mediated histone demethylation. Taken together, we propose that MoJMJD2 coordinates
transcriptional regulation of rDNA and nuclear genes via histone demethylase activity and alternative splicing,
linking ribosome biogenesis to transcription of nuclear genes in response to environmental cues.
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demethylases are classified broadly into two families: JmjC (Jumonji C) and LSD (Lysine Specific Demethylase).
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S14-4
Genetic Engineering Confers the Crabtree/Warburg-Like Effect for
Xylose upon Saccharomyces cerevisiae
Sae-Byuk Lee1,2,3, Chris Todd Hittinger2,3,4, and Trey K. Sato2,3*
1

School of Food Science and Biotechnology, Kyungpook National University, Daegu 41566, Republic of Korea,
2
DOE Great Lakes Bioenergy Research Center, University of Wisconsin-Madison, Madison, WI 53706, USA,
3
Wisconsin Energy Institute, J. F. Crow Institute for the Study of Evolution, University of Wisconsin-Madison,
Madison, WI 53706, USA, 4Department of Bacteriology, University of Wisconsin-Madison, Madison, WI 53706, USA

Bottlenecks in the efficient conversion of xylose into cost-effective biofuels have limited the widespread use of
plant lignocellulose as a renewable feedstock. The yeast Saccharomyces cerevisiae ferments glucose into ethanol
with such high metabolic flux that it ferments high concentrations of glucose aerobically, a trait called the
Crabtree-Warburg Effect. In contrast to glucose, most engineered S. cerevisiae strains do not ferment xylose at
economically viable rates and yields, and they require respiration to achieve sufficient xylose metabolic flux and

GRE3, and IRA2 enabled S. cerevisiae strain engineered with xylose metabolism enzymes to respire xylose
aerobically and ferment xylose anaerobically. Still, however, these genetic changes do not confer xylose conversion
rates similar to that for glucose.
To overcome the inefficient xylose conversion to biofuels due to respiration, we evolved the genetically respirationdeficient S. cerevisiae strains that can grow on and ferment xylose to ethanol aerobically. Through genome sequence
comparisons and directed engineering, we determined that duplications of genes encoding engineered xylose
metabolism enzymes, as well as TKL1, a gene encoding a transketolase in the pentose phosphate pathway, were the
causative genetic changes for the evolved phenotype. Reengineered duplications of these enzymes, in combination
with deletion mutations in HOG1, ISU1, GRE3, and IRA2, increased the rates of aerobic and anaerobic xylose
fermentation. Importantly, we found that these genetic modifications function in another genetic background and
increase the rate and yield of xylose-to-ethanol conversion in industrially relevant switchgrass hydrolysate, indicating
that these specific genetic modifications may enable the sustainable production of industrial biofuels from yeast.
Finally, we propose a model of aerobic, Crabtree-Warburg-like metabolic flux for xylose. We assume that
xylose-fermenting strains have a minimal capacity (MC) for enabling aerobic growth through respiration and a
minimal switching capacity (SC) critical for changing from respiratory to fermentative flux. Once total metabolic
flux exceeds the MC value, a strain can utilize xylose through respiration. Regulatory pathways altered in hog1∆

isu1∆ ira2∆ triple mutants lower both MC and SC, causing the total metabolic flux (MF) of the strain to exceed
both capacities. As xylose consumption rates and MF level increase beyond this lowered SC level, yeast begin to
switch metabolic flux from respiration into fermentation. For yeast containing both the deletion mutations and
the duplicated copies of the XYL cassette and TKL1, the increased metabolic flux far exceeds the switching
capacity, resulting in much greater conversion of xylose into ethanol aerobically.
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energy return for growth aerobically. Previously, we discovered that loss of function mutations in HOG1, ISU1,
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S15-1
Discovery of Unprecedented Cyclic-Depsipeptides and Its
Biosynthetic Assembly Line
Munhyung Bae1, Myoun-Si Kim2, Ye-Eun Jung3, Sun-Shin Cha3*, Dong-Chan Oh2*,
and Yeo Joon Yoon2*
1

College of Pharmacy, Gachon University, Incheon 21936, Republic of Korea, 2College of Pharmacy,
Seoul National University, Seoul 08826, Republic of Korea, 3Department of Chemistry and Nanoscience,
Ewha Womans University, Seoul 03760, Republic of Korea

Over the past several decades, natural products derived from microbes have served as the most efficient natural
source for drug discovery and development. Especially, marine-derived actinobacteria have been known for their
ability to synthesize unique bioactive organic molecules with inspiring chemotypes.
In our search for structurally and biologically novel compounds from actinomycetes inhabiting diverse marine

Streptomyces sp. SNM55 strain. Comprehensive analyses of NMR, computational calculations, multistep of
chemical derivatizations resulted in establishment of full structures for new analogues of WS9326A and its
pseudo-dimeric feature of mohangamides.
Further genomic analyses of SNM55 including systematic inactivation of nonribosomal peptide synthetase
(NRPS) domains and translocation of the thioesterase (TE) domain revealed noncanonical nonlinear NRPS
assembly processes during the biosynthesis of the cyclodepsipeptide WS9326A and mohangamide A in

Streptomyces sp. SNM55. The unprecedented features of the nonlinear WS9326 and mohangamides NRPS add
potential new tools to explore nature’s ingenuity for producing this important class of natural products.
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environments, we discovered new series of cyclodepsipeptides, WS9326s isolated from a mudflat-derived
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S15-2
Mechanism and Engineering of the Pluramycin Family
Angucyclines Biosynthetic Gene Cluster
Kyung Taek Heo1,2, Byeongsan Lee1,3, and Young-Soo Hong1,2*
1

Anticancer Agent Research Center, Korea Research Institute of Bioscience and Biotechnology (KRIBB),
Daejeon 34141, Republic of Korea, 2Department of Bio-Molecular Science, KRIBB School of Bioscience,
University of Science and Technology (UST), Daejeon 34113, Republic of Korea, 3College of Pharmacy,
Chungbuk National University, Chungbuk 28644, Republic of Korea

The pluramycin family of antitumor antibiotics are structurally DNA-reactive agents consisting of a planar
4H-anthra(1,2-b)pyran-4,7,12-trione substructure, with variations in the side chain and substitution patterns of
C-glycosidic sugars (N,N-dimethylvancosamine and angolosamine) on the anthrapyran core aglycone. Among
them, the bis-epoxide side chain of hedamycin, in which biosynthesis mechanisms have been studied the most,
the hexaonly starter unit that subsequently primes the partner type II PKS. However, kidamycin, a member of the
pluramycin family to have been derivatized in an attempt to increase the therapeutic index, has a shorter
dimethylene side chain than hedamycin, but its biosynthesis mechanism has not been reported. In this study, the
biosynthetic gene cluster for the kidamycin has been cloned from a kidamycin producer, Streptomyces sp. W2061.
A region of approximately 60 kb has been identified from the chromosome of the kidamycin producer, suggesting
that many of them play a role in kidamycin biosynthesis because they are similar gene composition to hedamycin
biosynthetic gene cluster. The understanding of kidamycin gene clusters and the biosynthetic pathways via gene
disruption and heterologous expression experiments is expected to serve as a new tool to generate analogs that
may be inaccessible using synthetic chemistry alone.
[Supported by grants the NRF fund (2020R1I1A2068713 and 2013M3A9A5076601)]
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was assembled by a hybrid type I / type II PKS biosynthetic machinery. The iterative type I PKS system generate
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Protein Misfolding and Aggregopathy: Mechanism and
Therapeutic Implications
Young-Ho Lee1,2,3,4*
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Research Center for Bioconvergence Analysis, Korea Basic Science Institute, Daejeon 34133, Republic of Korea,
2
Bio-Analytical Science, University of Science and Technology, Daejeon 34113, Republic of Korea,
3
Graduate School of Analytical Science and Technology, Chungnam National University, Daejeon 34134, Republic of Korea,
4
Research Headquarters, Korea Brain Research Institute, Daegu 41062, Republic of Korea

Newly-born proteins by ribosomes fold to native structures for gain-of-function in soluble states. Failure of
correct folding, i.e., misfolding, and keeping native structures often induces the formation of insoluble toxic
protein aggregates. Disruption of protein homeostasis by protein misfolding and aggregation further causes
aggregopathy including Alzheimer’s disease (AD), Parkinson’s disease (PD), type 2 diabetes mellitus (T2DM), and
and aggregation from the microscopic and macroscopic point of view. Today, I will show the microscopic
molecular mechanisms of protein aggregation, amyloid fibrillation and amorphous aggregation, with the general
description on the structures of amyloidogenic precursors and amyloid fibrils. Aggregation of several amyloid
proteins including Alzheimer`s amyloid β peptides in AD and α-synuclein in PD will be explained based mostly
on my previous and on-going studies. Macroscopic viewpoints including the solubility, supersaturation, and phase
diagram for amyloid formation will be also given. A fundamental scheme which aims at inhibiting toxic amyloid
aggregation will be also addressed with several case studies.
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so on. Despite of numerous efforts, much remains to be elucidated on underlying principles of protein misfolding
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A Metabolic Switch for Endothelial-to-Mesenchymal
Transition via Cancer Virus
Yeong Jun Kim1, Juhyeon Lee2, Abhishek Kumar3, Hong-Hee Kim1, Zsolt Toth3,
Hyungjin Eoh2, and Hye-Ra Lee1,4
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Department of Biotechnology and Bioinformatics, College of Science and Technology, Korea University, Seoul 02841,
Republic of Korea, 2Department of Molecular Microbiology and Immunology, University of Southern California,
CA 90033, USA, 3Department of Oral Biology, University of Florida, FL 32611, USA, 4Department of Lab Medicine,
College of Medicine, Korea University, Seoul 02841, Republic of Korea

Endothelial-mesenchymal transition (EndMT) is a specific cellular process that involves the acquisition of
mesenchymal-like characterized by the loss of endothelial features. In general, EndMT appears during embryonic
development, while in adults, it has been associated with several pathologies, including tumor metastasis. Kaposi
sarcoma (KS), an angioproliferative tumor associated with Kaposi’s sarcoma-associated herpesvirus (KSHV)
Here, we demonstrate the direct regulation of LEC’s metabolic pathway by KSHV that ultimately leads to EndMT
for KSHV-associated oncogenesis. KSHV viral interferon regulatory factor 3 (vIRF3) interacts with pyruvate
kinase M2 (PKM2), which catalyzes the final step of glycolysis, and promotes its enzymatic activity by inducing
tetramerization. Using LC/MS based metabolomics, we analyzed global metabolic change induced by vIRF3PKM2 interaction in LECs. Our metabolomics data demonstrates that vIRF3-PKM2 interaction dramatically
increased intracellular acetyl-CoA levels, which derived from glucose, but not from fatty acid and amino acid
catabolism. Interestingly, the high level of Acetyl-CoA induces the acetylation of SMAD2 and SMAD3, leading to
the EndMT and invasion in Ovo. More importantly, disruption of vIRF3-PKM2 interaction via vIRF3 derived
peptide diminishes total acetyl-CoA levels in vIRF3 expressing LECs, resulting in inhibition of invasion via
prevention of vIRF3-mediated EndMT. Taken together, our results suggest that KSHV vIRF3-induced EndMT
may contribute to KS development by giving rise to invasive cells while vIRF3-derived short peptide represent
potential new chemotherapeutic molecules for KS.
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infection, harbors a diversity cells types ranging from lymphatic endothelial cells (LECs) to mesenchymal cells.
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S16-1
Microbial Metabolites for Prevention of Human Diseases
Minhye Shin*
Department of Microbiology, College of Medicine, Inha University, Incheon 22212, Republic of Korea

Gut microbiota is highly involved in progression and development of many human diseases including
inflammatory and metabolic disorders, via production of microbial metabolites altering host metabolism.
Recently, a number of microbes-originated metabolites have been considered as effective bioactive compounds for
prevention and treatment of human diseases. In this study, we analyzed metabolome profiles of broad range of
bacteria, such as probiotics, pathogens, and gut microbiota culture, in response to human diseases. Several
candidate molecules were discovered as microbial therapeutic metabolites, and specific metabolic features were
evaluated. Integrative analysis of multi-omics data with structural biochemical information also provided
information on the target metabolic pathways and key proteins associated with diseases. These results support the

This research was supported by the Basic Science Research Program (NRF-2022R1C1C1008574) through the
National Research Foundation of Korea (NRF).
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importance of microbial metabolites as promising therapeutics for human disease prevention.

49th Annual Meeting & International Symposium

2022 KMB Selected Five Leading Technologies in Microbiology and Biotechnology

The Korean society for
Microbiology and Biotechnology

S16-2
Multi-Omic Integration Approach to Identify the Interaction between
Microbiota and Host
Jun-Mo Kim*
Department of Animal Science and Technology, Chung-Ang University, Anseong 17546, Republic of Korea

Genomics has been started to apply rapidly and broadly in every kinds of biology area. Development of
sequencing technology led the genomic era. Functional genomics is used to understanding genetic mechanisms in
accordance with the environmental or experimental changes. Here, I would like to introduce a useful
bioinformatic research approach in functional genomics. Most of the case studies in the current lecture was toward
to multi-omics integration (MOI) analysis which is the interactions and networks between genetic regulation and
environmental or experimental conditions. The studies presented the various MOI cases and results in changes of
gut or blood conditions using the NGS and Metabolomic data. Microbiome and host interactions were narrow
many of inspirational further researches in the microbiology and genomics area.
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S16-3
Human Health Earned through Changing Microbiome
Jin Seok Moon and Tae-Yoon Kim*
Probiotics and Microbiome Research Team, Research Lab, Ildong Pharmaceutical Co., Ltd.,
Hwaseong 18449, Republic of Korea

Control of diseases using microbiome has not been clear, but many studies have been conducted on various
diseases. The result that there are differences in the composition of microbiome and environment in the gut
between the normal and patient groups have been reported continuously, and for being healthy, it is important to
reduce the difference. ID-JPL934 developed by Ildong Pharmaceutical Co., Ltd. uses this point.
This part will introduce combination probiotics (ID-JPL934) that was developed to relieve various
gastrointestinal symptoms. In order to find a probiotic candidate for treatment, a colitis model induced by DSS
was used, and after treatment with ID-JPL934, the therapeutic effect of IBD in the DAI score or histological analysis
increased, and the lower gastrointestinal symptoms were alleviated compared to the placebo group.
This talk will examine how Ildong microbiome materials as functional properties are being put on to advance
human health.
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was confirmed. In the human application test, it was confirmed that the probiotics of the composed ID-JPL934
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S16-4
An Engineered Live Biotherapeutic for Gut Inflammation
Dae-Hee Lee*
Synthetic Biology and Bioengineering Research Center, Korea Research Institute of Bioscience and Biotechnology,
Daejeon 34141, Republic of Korea

Microbes living and interacting with host cells in the human gut are essential to human health. Changes in the
composition of this gut microbiome cause disease-associated symptoms, which motivates the engineering of
microbes to diagnose, treat, memorize, or prevent disease. Microbes reprogrammed using advanced DNA-based
recording systems are envisaged as emerging living diagnostics and therapeutics for a wide range of diseases and
play key roles in regulating gut microbiota to treat disease in a non-invasive manner. Here, we present a CRISPR-aided
genetic switch that uses various Cas effectors to convert the mRNA information into RNA-guided transcriptional
regulation or base editing. We combined the transcription factor-based genetic circuit with the CRISPR system
based recording system for sensing and recording multiplex inflammation biomarkers. Finally, we created an
engineered live biotherapeutic to simultaneously diagnose and treat gut inflammation by converting the sensing
signal into the production of a therapeutic. Engineered live biotherapeutics of this study may represent a suitable
strategy for the prevention and treatment of gut inflammation and its associated symptoms.
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and optimized the genetic switch performance by tuning and processing the gRNA. We then developed a DNA-
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S16-5
Peptides Produced by Fermentation of Cudrania tricuspidata Leaf
Extract-Supplemented Milk Ameliorated Stress-Induced Brain
Disorders and Anxiety-Like Behaviors in Mice
Jae Yeon Joung1, Jae Gwang Song2, Bomi Lee2, Hyung Wook Kim2, and Nam Su Oh3*
1

Department of Biotechnology, College of Life Sciences and Biotechnology, Korea University, Seoul 02841, Republic of Korea,
2
Department of Bio-integrated Science and Technology, College of Life Sciences, Sejong University, Seoul 05006,
Republic of Korea, 3Department of Food and Biotechnology, Korea University, Sejong 30019, Republic of Korea

Our previous study indicated that fermented Cudrania tricuspidata leaf extract (CT)-supplemented milk with

Lactobacillus gasseri 505 (505) resulted in significantly greater bioactivities such as immunomodulatory effect and
preventive effects on colorectal cancer and hepatic toxicity. The preventive effects of fermented CT-supplemented
milk with 505 (FCT) against stress-related brain disorders and anxiety-like behaviors were additionally
milk, which had great antioxidant and antiinflammation activities, were administered to stressed mice, and
expressions of mRNA and proteins related to neurodevelopment and neuroinflammation in the brain and
intestinal inflammation and barrier function-related genes and proteins in the colon were evaluated. Moreover,
behavioral properties were determined. The results showed that stress mechanism into brain-gut axis were
regulated by pretreatment of probiotic strain 505 and FCT, and its fermented metabolites, peptide 14 and peptide
21, leading to inhibition of neurodevelopment and neuroinflammation through hypothalamus-pituitary-adrenal
(HPA) axis as well as colonal inflammation. Moreover, anxiety-like behaviors were significantly reduced in mice
treated with 505, FCT, and both peptides. These results indicated that fermented milk containing CT with
probiotic strain 505 has the potential to prevent stress-induced brain disorders and anxiety-like behaviors owing
to its regulatory mechanism of HPA axis.
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investigated in this study. Probiotic strain 505, FCT, and peptides derived from fermentation of CT-supplemented

49th Annual Meeting &
International Symposium

Symposium
Fermentation, Lactic Acid
S17 Kimchi

Bacteria Challenge

49th Annual Meeting & International Symposium

2022 KMB Selected Five Leading Technologies in Microbiology and Biotechnology

The Korean society for
Microbiology and Biotechnology

S17-1
Limosilactobacillus reuteri EFEL6901 – Anti-Inflammatory Probiotic
Starter for Fermentation of Kimchi and Kale Juice
Sun Young Kong, Soo Hwi Yang, Hee Seo, Ga Yun Kim, and Nam Soo Han*
Brain Korea 21 Center for Bio-Health Industry, Department of Food Science and Biotechnology,
Chungbuk National University, Cheongju 28644, Republic of Korea

The use of probiotic starters with proven health functions in fermented food may improve the functionality of
the products. Limosillactobacillus reuteri (LBRE) is a well-studied probiotic bacterium that can inhabit the
intestinal tract of mammals. The aim of this study is to evaluate the suitability of L. reuteri EFEL6901 (EFEL6901)
with anti-inflammatory activity isolated from human feces as a probiotic starter for vegetable fermentation. For
this, its probiotic properties including anti-inflammatory activity and characteristics of kimchi and kale
fermentation were evaluated. As results, EFEL6901 was safe to use in food fermentation, as it didn’t show biogenic
(NO) production via down-regulation of inducible nitric oxide synthase (iNOS) in LPS-induced Raw 264.7 cells.
In an in vivo experiment, oral administration of EFEL6901 significantly ameliorated colitis induced by DSS, which
included preventing a decrease in body weight, disease activity index score, histological scores, and shortening of
the colon length. Furthermore, EFEL6901 grew at low temperature and in kimchi. When EFEL6901 was used as a
starter for baek kimchi fermentation, 1H-NMR showed EFEL6901 produced very similar metabolites compared to

Leuconostoc mesenteroides DRC1506. In sensory evaluation, EFEL6901 did not significantly change the quality of
baek kimchi. In addition, after pasteurized kale juice (KJ) fermentation with EFEL6901, the cell counts reached
over 109 CFU/ml, and pH decreased to 4.7 showing its superior growth rate. The concentration of kaempferol in
kale juice fermented with EFEL6901 was increased to 97.82 μM compared to before fermentation (54.46 μM), and
quercetin was also increased to 20.82 uM from 7.87 uM. Moreover, mRNA expression levels of pro-inflammatory
cytokines were significantly reduced and IL-10, an anti-inflammatory cytokine, was increased after treatment with
EFEL6901-KJ in LPS-induced RAW 264.7 cells. In conclusion, this study demonstrates that EFEL6901 can be used
as a potent starter to dramatically increase the anti-inflammatory activity of vegetable fermented foods.
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amine and hemolytic activity. In an in vitro experiment, treatment of heat-killed EFEL6901 decreased nitric oxide
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S17-2
Development Skin Health Lactic Acid Bacteria from Kimchi
Based on Gut Function
Kon-Young Ji1†, Ho Jae Lee3†, A-Rang Im1, Ki Mo Kim1,2, Sung Wook Hong3*, and Sung UK Chae1,2*
1

KM Convergence Research Division, Korea Institute of Oriental Medicine, Daejeon 34054, Republic of Korea,
2
Korean Convergence Medicine, University of Science and Technology, Daejeon 34113, Republic of Korea,
3
Technology Innovation Research Division, World Institute of Kimchi, Gwangju 61755, Republic of Korea

Skin aging is related with physiological changes within body. In particular, solar exposure of the skin accounts
for skin damage. Numerous studies have examined the ability of dietary constituents to prevent skin aging, and
recent research has reported that the role of functional probiotics in gut function and skin aging. However, the
mechanism of the interactions between aging and probiotics has not been elucidated yet. The aim of this study
was to determine the role of lactic acid bacteria from Kimchi (PK) in regulating IBD (Inflammatory Bowel
(DAI). After sacrifice, the colonic specimens were evaluated by determining the expression of inflammatory
markers and histological data. We observed that PK ameliorated the colonic damage induced by DSS, as evidenced
by lower DAI values, body weight, and colonic length as compared with untreated mice. Also, it reduced the
expression levels of MMP‑1 and MMP‑9 in skin aging model. Based upon the results, it inhibited the wrinkle
formation induced by UVB irradiation. In summary, PK modified the inflammatory markers both in skin and
colon, resulting in it is an effective anti-aging material based on gut function. Therefore, PK serves as a functional
substance in gut-skin axis communication. Understanding of the skin and gut microbiome including the
underlying mechanisms is remained for further study regarding microbial involvement in human skin diseases in
terms of the development of new therapeutic approaches.
Keywords: Skin, microbiome; gut dysbiosis, lactic acid bacteria, probiotics
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disease) model and increasing moisture content in skin. Mice were scored daily using a Disease Activity Index
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S17-3
Predicting Personalized Functional Foods Using Machine
Learning Techniques
Dabin Jeon1, Hokyung Song2, and Tatsuya Unno1,2*
1

Faculty of Biotechnology, School of Applied Life Sciences,
Subtropical/Tropical Organism Gene Bank, Jeju National University, Jeju 63243, Republic of Korea

2

Substantial number of functional foods have been developed to date. These functional foods often include
prebiotics and/or probiotics to improve intestinal health through modulating gut microbiota. However, there is no
such “universal” functional foods that work for everyone. This is because everyone has unique gut microbiota,
thus effects of functional food vary depending on what type of gut microbiota you have.
In this study, we performed digestion of functional foods in vitro and investigated how these digested foods
interact with 10 individual fecal microbiota. A total of eight commercially available functional foods
enzymes in vitro and fermented using fecal microbiota extracted from 10 human subjects. V3-4 regions on 16S
rRNA genes were sequenced to evaluate microbial community shifts and predict possible metabolic activities.
Short chain fatty acids (SCFAs) were quantified to estimate beneficial effects conferred by the functional foods. We
also applied machine learning to see if microbiota compositional data can be used to predict if certain functional
food can induce SCFA production in the gut.
Results from microbiota analysis showed that different types of prebiotics affected different genera as expected,
although these patterns varied among individuals. Three functional foods (arabinogalactan, laminarin, and betaglucan) did not increase SCFAs in all subjects, but other functional foods increased SCFA with varying amounts
depending on the subjects’ gut microbiota. Our results also showed that the abundance of probiotic bacteria did
not always correlate to the amount of SCFAs likely due to complex cross-feeding network among gut microbes.
Network analysis indicated different hub bacterial species across subjects. These results suggest that personal gut
microbiota difference significantly affects the effects of prebiotics on SCFA production in the gut. The machine
learning, on the other hand, was able to predict the amount of SCFAs from gut microbiota compositional data
within the range of 0.3 to 0.8 correlation coefficient depending on the model (random forest showed the highest
coefficient and support vector machine was the lowest).
Considering the diversity of human gut microbiota, 10 subjects is clearly a low sample size. While our results
need to be improved by increasing sample size, it showed that this in vitro gastrointestinal digestion coupled with
fecal bacterial fermentation approach could be used as a tool to build big data, with which personalized functional
foods can be predicted using machine learning.
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(arabinogalactan, GOS, FOS, inulin, raffinose, laminarin, beta-glucan, and ginseng) was treated with digestive
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S17-4
Low Temperature Preservation of Food and Biological
Materials: An Overview of Supercooling Preservation
Technology & Application of Antifreeze Protein
SangYoon Lee and Mi-Jung Choi*
Department of Food Science & Biotechnology in Animal Resources, Konkuk University, Seoul 05029, Republic of Korea

Low temperature preservation can extend shelf-life of food to inhibit the growth of microorganism, enzyme
activity, and chemical reactions. Supercooling preservation is one of novel technique to extend shelf life and
maintain food quality without freezing damage. Many attempts have been induced to avoid ice formation under
low temperature such as high-pressure condition, electro-magnetic field, and precise temperature control
algorithm, and so on. These techniques were designed by controlling external environmental parameters such as
magnetic or electric field and high-pressure to depress the ice nucleation. Alternatively, many researchers have
interested of antifreeze proteins (AFPs) which are specific proteins, glycopeptides, and peptides synthesized by
different organisms to permit cell to survive under freezing point of water in plants or insects. AFPs have a role of
reducing the water’s freezing point and avoiding ice crystals’ growth during preservation. The function of
modifying ice growth induces the stabilization of ice crystals at a given temperature range and the avoid of ice
recrystallization that decreases the thawing loss. This review presents the current technical trends of supercooling
preservation focused on the depression of freezing point by technical device as an external environmental
condition. In a viewpoint of internal parameter of samples such as cryoprotectants, this review presents the
applications of different cryoprotectants, especially, AFPs which can obtain from different sources such as fish,
yeast, plants, bacteria, and insects. Various sources reveal different α-helices and β-sheets structures. AFPs can be
used widely in various aspects of application and have significant scientific functions, encompassing the
enhancement of food quality such as ice cream’s texture, new fermentation process with psychrophilic bacteria and
supercooling preservation. In conclusion, physical properties of supercooled preservation or AFPs application can
be further explored to meet other fermentation players as a freezing point depression or inhibition of ice
recrystallization.

285

Symposium

precise temperature controlling by minimized temperature frustration or attraction of water molecules by

49th Annual Meeting &
International Symposium

Symposium
Platform Technologies
S18 Next-Generation

for Microbiome Research V1.0

49th Annual Meeting & International Symposium

2022 KMB Selected Five Leading Technologies in Microbiology and Biotechnology

The Korean society for
Microbiology and Biotechnology

S18-1
Fecal Microbiota Transplantation in Ulcerative Colitis
Hong Koh*
Department of Pediatrics, Yonsei University College of Medicine, Severance Fecal Microbiota Transplantation Center,
Severance Hospital, Seoul 03722, Republic of Korea

Fecal microbiota transplant (FMT) is the process of transplantation of fecal bacteria from a healthy individual
into a recipient. FMT involves restoration of the colonic microflora by introducing healthy bacterial flora through
infusion of stool, e.g. by colonoscopy, enema, orogastric tube or by mouth in the form of a capsule containing
freeze-dried material, obtained from a healthy donor. A limited number of studies have shown it to be an effective
treatment for people with Clostridium difficile infection (CDI), whose effects can range from diarrhea to
pseudomembranous colitis. Inflammatory bowel disease (IBD) is a group of inflammatory conditions of the
colon and small intestine. Crohn’s disease and ulcerative colitis are the principal types of inflammatory bowel
rectum. The primary symptom of active disease is abdominal pain and diarrhea mixed with blood. Weight loss,
fever, and anemia may also occur. Often symptoms come on slowly and can range from mild to severe. Symptoms
typically occur intermittently with periods of no symptoms between flares. Complications may include megacolon,
inflammation of the eye, joints, or liver, and colon cancer. The cause of UC is unknown. Theories involve immune
system dysfunction, genetics, changes in the normal gut bacteria, and environmental factors. Rates tend to be
higher in the developed world with some proposing this to be the result of less exposure to intestinal infections, or
a Western diet and lifestyle. The removal of the appendix at an early age may be protective. Diagnosis is typically
by colonoscopy with tissue biopsies. It is a kind of IBD along with Crohn’s disease and microscopic colitis. Several
medications are used to treat symptoms and bring about and maintain remission, including aminosalicylates such
as mesalazine or sulfasalazine, steroids, immunosuppressants such as azathioprine, and biological therapy.
Removal of the colon by surgery may be necessary if the disease is severe, does not respond to treatment, or if
complications such as colon cancer develop. Removal of the colon and rectum can cure the disease. However,
dysbiosis is associated with either the development or exacerbation of UC. Given the overlap of dysbiosis between
UC and CDI, FMT has been evaluated as a new therapy in UC. Recent several clinical trials support the
therapeutic role of FMT in UC.
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disease. Ulcerative colitis (UC) is a long-term condition that results in inflammation and ulcers of the colon and
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S18-2
Microbiome Studies for Host-Microbiome Interactions
Bong-Soo Kim1,2*, Keunwook Lee3, and Nam Joo Kang4*
1

Department of Life Science, Multidisciplinary Genome Institute, Hallym University, Chuncheon 24252, Republic of Korea,
2
The Korean Institute of Nutrition, Hallym University, Chuncheon 24252, Republic of Korea, 3Department of Biomedical
Science, Hallym University, Chuncheon 24252, Republic of Korea, 4School of Food Science and Biotechnology,
Kyungpook University, Daegu 41566, Republic of Korea

Microbiome plays important roles in human health, and perturbation of the microbiome can shape the immune
system and host metabolisms. The association of microbial members with disease has been reported and several
kinds of techniques have been used to validate the influence of microbes on host in several studies. However, there
is a lack of comprehensive understanding of microbiome-host crosstalk with ecological interpretation. Here, we
briefly introduce our recent two studies about the human microbiome in atopic dermatitis and the development of
the functional verification platform technology for holobiome research based on the gut mimic host cell-gut
childhood with atopic dermatitis. The maturation of gut microbiome is important for maintaining homeostasis of
gut ecosystem. The disordered gut microbiome development along with age led to dysbiosis of SCFA production
and abnormal immune responses. In second study, we have been conducting the development of novel in vitro
co-culture system supported by the Bio & Medical Technology Development Program of the National Research
Foundation of Korea.
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microbes co-culture system. In first study, we analyzed the role of gut microbiome and their developments in early
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S18-3
Analysis of the Human Gut Mycobiome Using Culturomics and
Amplicon-Based Sequencing Approaches
Piyapat Rintarhat and Won Hee Jung*
Department of Systems Biotechnology, Chung-Ang University, Anseong 17546, Republic of Korea

The human gut is colonized by diverse microorganisms including bacteria, viruses, protozoa, and fungi. Several
studies have suggested that the gut fungal microbiome (mycobiome) impacts host immunity and the development
and progression of human diseases. However, most gut microbiome studies have focused exclusively on bacteria
and the mycobiome in the organ has largely been unexplored. Here, we developed a culturomics platform to
isolate fungal strains from fecal samples of a cohort of patients with ulcerative colitis (UC) and compared them
with those of healthy subjects (HT). Moreover, we optimized the methodology for amplicon sequencing analysis
to compare the fungal community structure between the UC and HT subjects. Candida albicans was the most
were also compared with the same fungal species isolated from the blood at the genotype and phenotype levels to
obtain details on the characteristics of a possible heterogeneity between the isolates from different host niches or/
and individuals. Our study emphasizes the importance of the gut mycobiome and provides useful information on
human mycobiome analysis and a possible fungal strain specificity within the human body.
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dominantly isolated fungal species from the gut of the UC and HT subjects. The gut-isolated C. albicans strains
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S18-4
Engineered Endolysin as a Therapeutic Agent against
Clostridioides difficile Infection
Hyunjin Yoon
Department of Molecular Science and Technology, Department of Applied Chemistry and Biological Engineering,
Ajou University, Suwon 16499, Republic of Korea

Clostridioides difﬁcile, formerly named Clostridium difﬁcile, is a leading cause of hospital-acquired diarrheal
disease which ranges from mild to severe or fatal conditions. Dysbiosis of the gut microbiota, frequently
attributable to repeated antibiotic treatments, fails to suppress colonization and spore germination of C. difficile.
Due to the high rates of antibiotic resistance in C. difficile and the perpetual reoccurrence after the initial
treatment, alternative therapeutic approaches become urgently required. Bacteriophages as a natural predator of

C. difficile have drawn interest for C. difﬁcile infection (CDI) treatment. However, the inevitable challenges in
derived antimicrobial enzymes such as endolysin. Endolysin is a phage-encoded peptidoglycan hydrolase which is
often expressed at the late stage of the phage lytic cycle. Endolysin has a broader host-range activity, leaving
commensal bacteria unaltered, and relieves the concern of lysogeny preference. In an effort to develop an
endolysin-based therapeutic agent against CDI, an in vitro CDI model has been established using human gut
microbiota and a screening system for evaluating the potency of endolysins and their derivatives has been
designed. Repetitive clindamycin treatments reduced the overall diversity of gut microbiota species with changes
in bacterial abundance, while decreasing the two dominant phyla, Firmicutes and Bacteroidetes, and increasing
the proportion of Proteobacteria. On the other hand, despite the clindamycin treatments, C. difficile spores
survived and began to germinate, leading to bacterial proliferation at the later stages of CDI model. The
established in vitro CDI model can be readily employed as a platform to understand comprehensive responses of
gut microbiota including C. difficile to endolysin treatments. In parallel, a plate lysis method harnessing a

Salmonella Typhimurium phage SPN1S lysis cassette enabled to screen potent endolysins without protein
purification and its subsequent application to live bacteria. These two systems are believed to accelerate the
development of endolysin-based therapeutics against CDI.
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whole-phage therapy, including narrow host range and lysogeny preference, turned our intention toward phage-
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S18-5
Intestinal Epithelial TBK1 Prevents Differentiation of
T-Helper 17 Cells and Tumorigenesis in Mice
Jin-Young Yang1,2, Zuliang Jie1, Amber Mathews1, Xiaofei Zhou1, Yanchuan Li1,
Meidi Gu1, Xiaoping Xie1, Chun-Jung Ko1, Xuhong Cheng1, Yuan Qi3,
Jeannelyn S. Estrella4, Jing Wang3, and Shao-Cong Sun1,5*
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Department of Immunology, The University of Texas MD Anderson Cancer Center, Houston, TX 77030, USA,
2
Department of Biological Sciences, Pusan National University, Busan 46241, Republic of Korea,
3
Department of Bioinformatics and Computational Biology, The University of Texas MD Anderson Cancer Center, Houston,
TX 77030, USA, 4Department of Pathology, The University of Texas MD Anderson Cancer Center, Houston, TX 77030, USA,
5
MD Anderson Cancer Center UT Health Graduate School of Biomedical Sciences, Houston, TX 77030, USA

Intestinal epithelial cells (IECs) are crucial for regulating the homeostasis of intestinal immune cells, particularly
TH17 cells. Deregulated TH17 production contributes to intestinal inflammation and tumorigenesis, but the IEC(Tbk1IEC-KO) mice were analyzed for TH17 cell frequency and proinflammatory cytokine gene expression in the
small intestine. The Tbk1IEC-KO mice were then crossed with ApcMin/+ mice for examining the role of TBK1 in
regulating intestinal tumorigenesis. Compared to ApcMin/+Tbk1WT mice, ApcMin/+Tbk1IEC-KO mice had profoundly
increased number and size of intestinal polyps, coupled with increased frequency of TH17 cells in the lamina
propria. Antibody-mediated IL-17 neutralization reduced the number of intestinal polyps and erased the
differences between the ApcMin/+Tbk1IEC-KO and ApcMin/+Tbk1WT mice. The TBK1-deficient IECs promoted the
expression of IL-1β in macrophages, which was important for the induction of TH17 cell differentiation. RNA
sequencing analysis revealed that the TBK1-deficient IECs had a drastic upregulation of metallothionein 1 (MT1),
a proinflammatory mediator known to serve as a danger signal in intestinal inflammation. We obtained genetic
evidence that MT1 was crucial for intestinal IL-1β expression and TH17 cell differentiation as well as intestinal
tumorigenesis. TBK1 functions in IECs to control TH17 cell homeostasis and intestinal tumorigenesis. TBK1
regulates expression of inflammatory mediators, particularly MT1, which is crucial for induction of IL-1β
expression and TH17 cell differentiation, thereby promoting intestinal tumorigenesis.
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intrinsic factors that regulate mucosal immune homeostasis are poorly defined. IEC-conditional Tbk1 knockout
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S19-1
Gene Therapy: A Paradigm Shift in Medicine
Yeon-Soo Kim
Graduate School of New Drug Discovery and Development, Chungnam National University,
Daejeon 34134, Republic of Korea

Now three decades after the first gene therapy clinical trial, two viral vector systems (AAV & Lentivirus) have
emerged as safe and effective delivery vehicles for clinical gene therapy, and success stories have increasingly been
reported. Examples for these are the approval of gene therapy products in the European Union/U.S.A. and the
promising results in several licensed drugs and clinical trials including gene replacement for Hemophilia B,
X-linked severe combined immunodeficiency, Leber’s congenital amaurosis type 2, and cancer immunotherapy
trials for hematological malignancies using chimeric antigen receptor T cells.
As gene therapy researchers in companies and academic institutions move into the formal development process
candidate. Here, based on the recent development of technologies for gene delivery and modulation, I will present
the perspectives on gene therapy.
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for clinical trial, they must consider regulatory requirements for IND application with human gene therapy drug
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S19-2
Gene Therapeutics through RNA Editing Approach Based on
Tetrahymena Group I Intron
Seong-Wook Lee1,2*
1

Department of Bioconvergence Engineering, Research Institute of Advanced Omics, Dankook University,
Yongin, Republic of Korea, 2R&D Center, Rznomics Inc. Seongnam 13486, Republic of Korea

The Tetrahymena group I intron-based trans-splicing ribozyme enables to sense and reprogram target RNA
into gene of interest. We are developing the ribozyme-based RNA editing strategy through RNA replacement or
repair as a gene therapeutic strategy for incurable human diseases including malignant, degenerative, and
hereditary diseases. We have modified and optimized ribozymes for application as therapeutic modalities by
developing them to have high target specificity and efficacy, targeting fidelity, and least off-target capacity in cells.
This RNA editing technology has unique features that differentiate it from other nucleic acid-based therapeutics
expressing a therapeutic gene. (2) Safety can be improved by selectively inducing therapeutic gene expression only
in cells/tissues in which the target gene is expressed. (3) Therapeutic gene expression can be regulated
proportionally to endogenous cellular target RNA levels. (4) Gene editing occurs at the RNA level, not the
genomic level, thus minimizing genomic toxicity and eternal genome changes. (5) Indications with multiple
mutation sites can be targeted and treated through downstream replacement of the target site in RNA. (6) Safety
can be conferred by acting as a mechanism of the ribozyme itself, without the need for intrinsic cellular
mechanism or external proteins. We have built pipelines targeting indications with highly unmet medical needs
for which these characteristics may be the most competitive. In this presentation, I will introduce in detail the
characteristics of group I intron-based RNA editing approaches and focus on recent progress of our two leading
pipelines, specifically for malignant disease such as hepatocellular carcinoma and inherited degenerative ocular
disease called Retinitis Pigmentosa.
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as follows: (1) A single substance has a cumulative effect of suppressing target RNA expression and simultaneously
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A Development of Novel Gene Therapeutics to Treat
Neurodegenerative Disease
Kyunghwa Baek1,2
1

Department of Pharmacology, College of Dentistry and Research Institute of Oral Science,
Gangneung-Wonju National University, Gangwondo 25457, Republic of Korea,
2
Generoath Ltd., Seoul 04168, Republic of Korea

Gene therapy refers to a procedure to introduce genetic materials into the human body to deliver a therapeutic
agent. Generoath is a gene therapy biotech based in Seoul, Korea and strives to cure neurodegenerative diseases by
providing gene therapeutic solutions.
Generoath’s GO101 gene therapy is aimed for the treatment of Parkinson’s disease, GO102 for Amyotrophic
lateral sclerosis (also known as Lou Gehrig’s disease), and GO201 for retinal degenerative disease. Our technology
expression of the transgene Gene X and miR XX target sequence. Our therapeutic agent is a first-in-class drug that
delivers novel transgene, Gene X, that inhibits neuronal cell apoptotic signaling pathway. Generoath gene therapy
solution fundamentally suppresses neuronal cell apoptosis to induce neuronal cell survival and ultimately leads to
a cure for neurodegenerative diseases.
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Towards Next-Generation T Cell Engineering for Cancer
Chan Hyuk Kim
Department of Biological Sciences, Korea Advanced Institute of Science and Technology,
Daejeon 34141, Republic of Korea

CD19-targeting chimeric antigen receptor (CAR) T cells have become an important therapeutic option for
patients with relapsed and refractory B cell malignancies. However, recent clinical data indicate that a significant
portion of patients still do not benefit from the therapy owing to various resistance mechanisms, including high
expression of multiple inhibitory immune checkpoint receptors on activated CAR T cells. Here, we report a
lentiviral two-in-one CAR T approach in which two checkpoint receptors are downregulated simultaneously by a
dual short-hairpin RNA cassette integrated into a CAR vector. Using this system, we evaluated CD19-targeting
CAR T cells in the context of four different checkpoint combinations—PD-1/TIM-3, PD-1/LAG-3, PD-1/CTLA-4
antitumor effects in mouse xenograft models compared with PD 1 single downregulation, and maintained
cytolytic and proliferative capacity upon repeated antigen exposure. Importantly, functional and phenotypic
analyses of CAR T cells as well as analyses of transcriptomic profiles suggested that downregulation of PD-1
enhances short-term effector function, whereas downregulation of TIGIT is primarily responsible for maintaining
a less-differentiated/exhausted state, providing a potential mechanism for the observed synergy. The PD-1/TIGIT–
downregulated CAR T cells generated from diffuse large B-cell lymphoma patient-derived T cells using a clinically
applicable manufacturing process also showed robust antitumor activity and significantly improved persistence in
vivo compared with conventional CD19-targeting CAR T cells. Overall, our results demonstrate that the cellintrinsic PD-1/TIGIT dual downregulation strategy may prove effective in overcoming immune checkpointmediated resistance in CAR T therapy.
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and PD-1/TIGIT—and found that CAR T cells with PD-1/TIGIT downregulation uniquely exerted synergistic
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S20-1
Cell-Free Systems for Genetic Parts Prototyping
Jeong Wook Lee*
Department of Chemical Engineering, Pohang University of Science and Technology, Pohang 37673, Republic of Korea

Cell-free systems that mimic the cellular environment can be used as a basis for characterizing genetic
components prior to introduction into a cell. This process, called prototyping, is an emerging strategy to evaluate
genetic parts in massively parallel. In this talk, I will present a cell-free transcription system to characterize
promoters. Characterization of genetic parts in a non-model organism is often challenging due to the limited
genetic engineering tools. We use a cell-free transcription system and CRISPR/Cas12a to characterize promoters
in cyanobacteria and evaluate their strengths in a high-throughput manner. We demonstrate cyanobacteria cell-free
transcription for the first time and confirm a positive correlation between the in vitro and in vivo transcription
performance. Furthermore, we generate a synthetic promoter library and investigate the characteristics of
prototyping platform for genetic parts. We will continue to expand cell-free systems for various applications,
including therapeutics development, parts mining, etc.
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promoter subregions by using the assay. Overall, we show that cell-free systems can be easily used to develop a
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S20-2
Discovery and Engineering of New Biocatalyst
by Transcriptional Regulator Based Biosensor
Soo-Jin Yeom
School of Biological Sciences and Technology, Chonnam National University, Gwangju 61186, Korea

Identifying novel biocatalysts, in particular, novel enzymes or pathways that play key roles in biosynthesis of
non-native molecules of interest, is important to the industrial synthesis of chemical products. The discovery and
engineering of enzymes or pathways involved in the synthesis of a desired product are often limited by a lack of
sufficiently sensitive and rapid screening tools for the identification of candidate genes from large natural or
synthetic gene libraries. The ligand-inducible transcription factor (TF) based genetically encoded biosensors have
untapped potential as tools for screening novel enzymes, pathways, protein engineering; thus, extensive efforts
have been made to develop high-throughput screening (HTS) biosensors equipped with fluorescence-based
screening of new biochemical-synthesizing enzymes and metabolic engineering for valuable chemical production.
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genetic circuit devices. We expect this simple and accurate biosensor to have wide-ranging applications in rapid
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S20-3
Microalgae Refinery – A Promising Approach to Sustainable
Omega-3 Lipids Production
Sunghoon Jang, Won-sub Shin, Ae Jin Ryu, Haewon Kang, and Ji young Kim*
Biotechnology Research Institute, BIO Business Unit, CJ CheilJedang, Suwon 16495, Republic of Korea

CJ is the No.1 global bio company in the green bio market and a leader in the feed additive market. We
investigated microalgal-based omega-3 lipids production full-process, from the strain isolation to the production
of nutraceutical omega-3 supplements. Our microalgal strains for omega-3 production are the Thraustochytrids.
Those algal strains were isolated domestically in the West and South coast of Korea. We Purely isolated axenic
strain and performed identifications. Especially CJ omega-3 microalgae identified as Schizochytrium sp., involved
in a family of Thraustochytrids, which can grow well in normal fermentation conditions. With CJ’s advanced
fermentation technique, we achieved omega-3 production with high quality and contents.
mutants library using chemical mutagenesis (EMS, NTG) and gamma-ray irradiation. We isolated several strains
which show not only elevated omega-3 production potentials but also produced various value-added biochemical
(e.g. antioxidant pigments, proteins, beta-glucan).
In addition to progress in the fermentation of CJ omega-3 microalgae, we set up the molecular genetics
technique in Schizochytrium sp., a non-model algae. CJ omega-3 microalgal strains were fully sequenced and their
genome models were constructed, enough to use molecular experiments. We discovered some effective
endogenous promoters and euchromatin hot spots on the genome which can increase heterologous gene
expressions in Schizochytrium sp.
CJ’s approach to the omega-3 industry and market is based on sustainability with microalgal fermentation.
Fermentation-based microalgal omega-3 production does not affect marine life and the environment, compared
to fishery-based omega-3. Therefore, we forecast that the microalgal omega-3 can replace the old-fashioned
fishery-based omega-3 nutraceutical supplement market.
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In the strain development part, we have approached conventional phenotype-based screening by generating

49th Annual Meeting & International Symposium

2022 KMB Selected Five Leading Technologies in Microbiology and Biotechnology

The Korean society for
Microbiology and Biotechnology

S20-4
Synthetic 3′ -UTR Valves for Optimal Metabolic Flux
Control in Escherichia coli
Byung-Kwan Cho*
Department of Biological Sciences, Korea Advanced Institute of Science and Technology,
Daejeon 34141, Republic of Korea

As the design of genetic circuitry for synthetic biology becomes more sophisticated, diverse regulatory bioparts
are required. Despite their importance, well-characterized 3′-untranslated region (3′-UTR) bioparts are limited.
Thus, transcript 3′-ends require further investigation to understand the underlying regulatory role and
applications of the 3′-UTR. Here, we revisited the use of Term-Seq in the Escherichia coli strain K-12 MG1655 to
enhance our understanding of 3′-UTR regulatory functions and to provide a diverse collection of tunable 3′-UTR
bioparts with a wide termination strength range. Comprehensive analysis of 1,629 transcript 3′-end positions
examination of individual Rho-independent terminators revealed a reduction in downstream gene expression over
a wide range, which led to the design of novel synthetic metabolic valves that control metabolic fluxes in branched
pathways. These synthetic metabolic valves determine the optimal balance of heterologous pathways for maximum
target biochemical productivity. The regulatory strategy using 3′-UTR bioparts is advantageous over promoter- or
5′-UTR-based transcriptional control as it modulates gene expression at transcription levels without trans-acting
element requirements (e.g., transcription factors). Our results provide a foundational platform for 3′-UTR
engineering in synthetic biology applications.
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revealed multiple 3′-termini classes generated through transcription termination and RNA processing. The
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S21-1
The Acts and Regulations for R&D LMO
Hyunsuk Cho, In-Ja Song, and Young-Hee Roh*
National Research Safety Headquarter (NRSH), Korean Research Institute of Bioscience and Biotechnology (KRIBB),
Daejeon 34141, Republic of Korea

The LMO (Living modified organisms) is organisms that contain newly combined genetic material using
modern biotechnology. Research and development (R&D) activities using LMOs have been actively conducting
around the world to improve human diseases and food problems facing human-being. As the commercialization
of R&D LMO products increases, as well as the amount of imports and exports, the importance and demand for
biosafety management has also increased. Accordingly, the Cartagena Protocol on Biosafety to the Convention on
being and the environment, internationally. The 「Act on Transboundary Movement of Genetically Modified
Organisms」 (referred to as the LMO-Act) was enacted for the implementation of the protocol in Korea, and it took
effect since January 2008. The LMOs used in research facilities are classified for R&D purposes, and it is in charge
of biosafety management at Ministry of Science and ICT. NRSH of KRIBB carries out the LMO facility reporting
and biosafety inspection of Biosafety Level (BL) 1, 2 LMO research facilities. In addition, NRSH is conducting
biosafety management tasks such as R&D LMO import reporting, export notification and so on. This presentation
guides the detailed Korean legal system that are applied to the R&D LMO, such as reporting system about a
research facility or an import of an LMO, based on the 「LMO Act」, would be introduced. In particular, the
improved regulatory matters to relieve the administrative burden on the research site are explained.
This work was supported by the National Research Foundation of Korea (NRF) grant funded by the Korea
government (MSIT)(NRF-2018H1D7A2004828).
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Biological Diversity has been adopted to ensure the safe use of LMOs that could potentially affect the human-
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S21-2
The Method of R&D LMO Safety Management
Seung-Chul Shin, In-Ja Song, and Younghee Rho*
National Research Safety Headquarter (NRSH), Korean Research Institute of Bioscience and Biotechnology (KRIBB),
Daejeon 34141, Republic of Korea

In order to establish a LMO safety management system, Korea has been implementing the 「TRANSBOUNDARY
MOVEMENT, ETC. OF LIVING MODIFIED ORGANISMS ACT」 (hereinafter, 「LMO Act」) from January 1,
2008. In particular, the 「LMO Act」 stipulates matters that researchers must comply with, when using LMOs for
Research and development (R&D).
In this presentation, we would like to introduce the export/import report method according to the 「LMO Act」
and detailed safety management standards for LMO research facilities. In addition, detailed method of compliance
suitable for the characteristics of the research site will be introduced. The content is currently under the
Safety Management Headquarters (NRSH). Additional information about the announcement can also be found in
the ‘LMO Information System (https://www.lmosafety.or.kr)’.
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jurisdiction of the Ministry of Science and ICT, and the task is entrusted to and managed by the National Research
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S22-1
Importance of CH4 Emission Reducing Technologies from
Manure Storage Tank
Seongwon Im and Dong-Hoon Kim*
Department of Smart-City Engineering, Inha University, Incheon 22212, Republic of Korea

Many business actions are going on for the treatment of LM in environmentally benign approaches to reduce
greenhouse gases (GHGs). However, significant amount of GHGs is emitting from the storage tank, which is not
well accepted and known. Here, we summarized lab- and pilot-scale experimental works on estimating the
potential amount of GHGs emission. Various reducing technologies including acidification and cooling-down
were introduced, and its effect on the odor reduction and subsequent treatment was shown. In addition, the
importance of invented technologies was investigated by assessing environmental and economic aspect.
Symposium
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S22-2
Biological Methane Conversion: A Promising
Path towards Net Zero
Jeong-Geol Na1,2*, Eun Yeol Lee3, and Jinwon Lee1,2
1

C1 Gas Refinery R&D Center, Sogang University, Seoul 04107, Republic of Korea,
Department of Chemical and Biomolecular Engineering, Sogang University, Seoul 04107, Republic of Korea,
3
Department of Chemical Engineering, Kyung Hee University, Yongin 17104, Republic of Korea

2

As global concerns on climate change and sustainability continue to grow, many countries have announced
long-term LEDS (the Low Emission Development Strategies) roadmaps, and technical breakthroughs to fulfill the
long-time goal are required. Some technologies have already reached grid parity levels in the energy sector under
a specific environment through continuous R&D investments. However, for producing chemicals, it is crucial to
secure new resources with low carbon and to develop new technologies with low carbon footprints. Amid the netgreenhouse gases into valuable chemicals in a green manner. Type II methanotrophs can assimilate methane and
CO2, potent greenhouse gases, and under nutrient limitations such as nitrogen or phosphorous limitation
condition, they can synthesize polyhydroxybutyrate (PHB), a representative biodegradable polymer. Therefore, it
provides a shortcut to carbon-neutral biodegradable plastics. Despite the usefulness of methanotrophic bacteria,
there are still various hurdles, such as difficulty in strain improvement and low productivity due to low gas transfer
efficiency. Here, we present the efforts and the fruits of the work to address these problems, focusing on the
activities of the C1 Gas R&D center. This presentation provides a perspective on the current state and future
direction of biological methane conversion technology.
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zero push, biological methane conversion using methanotrophs could be a promising option for converting
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S22-3
Copper Competition between Methanotrophs and Denitrifiers as a
Potential Cause of Enhanced Nitrous Oxide Emissions from
Agricultural Soils
Jin Chang1,2, Jeremy D. Semrau2, and Sukhwan Yoon1*
1

Department of Civil and Environmental Engineering, KAIST, Daejeon 34141, Republic of Korea,
2
Department of Civil and Environmental Engineering, University of Michigan, MI 48109, USA
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Unique means of copper scavenging have been identified in proteobacterial methanotrophs, particularly the use
of methanobactin, a novel ribosomally synthesized, post-translationally modified polypeptide that binds copper
with very high affinity. The possibility that copper sequestration strategies of methanotrophs may interfere with
copper uptake of denitrifiers in situ and thereby enhance N2O emissions was examined using a suite of laboratory
experiments performed with rice paddy microbial consortia.
We first showed that methanobactin from Methylosinus trichosporium OB3b inhibited N2O reduction in axenic
denitrifier cultures. When Pseudomonas stutzeri DCP-Ps1 was incubated in cocultures with M. trichosporium
OB3b or with purified methanobactin from M. trichosporium OB3b, stoichiometric N2O production was observed
from NO3− reduction, whereas no significant N2O accumulation was observed in cocultures with a mutant
defective in methanobactin production. Copper uptake by P. stutzeri DCP-Ps1 was inhibited by the presence of
purified methanobactin and led to a significant downregulation of nosZ transcription. Similar findings were
observed with three other denitrifier strains: Paracoccus denitrificans ATCC17741 and Shewanella loihica PV-4
harboring clade I nosZ and Dechloromonas aromatica RCB harboring clade II nosZ.
The subsequent study investigated the effect of methanobactin or methanobactin-producing methanotrophs on
complex microbial consortia from rice paddy soils. Addition of purified methanobactin from Methylosinus
trichosporium OB3b to denitrifying rice paddy soil microbial consortia resulted in substantially increased N2O
production, with more pronounced responses observed for soils with lower copper content. The N2O emissionenhancing effect of the soil’s native mbnA-expressing Methylocystaceae methanotrophs on the native denitrifiers
was then experimentally verified with a Methylocystaceae-dominant chemostat culture prepared from a rice paddy
microbial consortium as the inoculum. Finally, with microcosms amended with various cell numbers of
methanobactin-producing Methylosinus trichosporium OB3b before CH4 enrichment, microbiomes with different
ratios of methanobactin-producing Methylocystaceae to gammaproteobacterial methanotrophs incapable of
methanobactin production were simulated. Significant enhancement of N2O production from denitrification was
evident in both Methylocystaceae-dominant and Methylococcaceae-dominant enrichments, albeit to a greater
extent in the former, signifying the comparative potency of methanobactin-mediated copper sequestration, while
implying the presence of alternative copper abstraction mechanisms for Methylococcaceae.
These findings provide lines of evidence that copper-mediated methanotrophic enhancement of N 2O
production from denitrification is plausible where methanotrophs and denitrifiers cohabit.
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S22-4
Biohydrogen Production from Waste Biomass
Using Dark Fermentation
Young-Bo Sim and Sang-Hyoun Kim*
School of Civil and Environmental Engineering, Yonsei University, Seoul 03722, Republic of Korea

Dark fermentation can produce hydrogen without external energy source such as fossil fuels or light energy,
and it can utilize various composite organic waste using non-sterile mixed cultue. In addition, it is regarded as the
most commercially available technology due to high technology readiness level and biohydrogen productivity, low
operation cost compared to other biological methods. The dark fermentation shows the highest energy
productivity in the lab-scale among the reported biological biofuel production methods. However, it has not yet
approached the level of commercialization due to low and unstable biohydrogen productivity at general reactors.
This presentation covers the status, issues and perspectives of dark fermentative biohydrogen production.
Symposium
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S22-5
Current Status and Perspective of Photo-Biological Green-H2
Technologies Based on Freshwater Microorganisms
Eui-Jin Kim*
Microbial Research Department, Nakdonggang National Institute of Biological Resources, Sangju 37242, Republic of Korea

Internationally, 96% of total H2 is still produced by thermochemical method using fossil fuels, and the process
generates 11 kg of CO2 for producing 1 kg of H2. On the other hand, bio-hydrogen technology based on the
utilization of biological resources is a promising field with high sustainability, but the technology suffers from low
conversion yield (e.g., dark fermentation) and slow production rate (e.g., photo-biological processes). Thus, it has
not yet been put to practical use in large-scale. Photo-fermentation is a light-dependent H2-producing method
generally employing purple photosynthetic bacteria that utilizes organic acids for producing H2. This method is
promising due to the highest theoretical H2 conversion yield (12 mol H2/mol hexose) and low greenhouse gas
zero technology in which microorganisms (e.g., cyanobacteria, microalgae) use light energy to split water for
producing H2. The solar to H2 conversion ratio is still at the level of 1.7~4% under laboratory conditions, but it is
expected to be improved up to 17% through improving the H2 production processes (i.e., photo-bioreactor design,
developing strains by synthetic biology techniques). In addition, the research field is underway to overcome the
inhibition for H2 production by O2 through the protein engineering for hydrogenase, searching for new O2tolerent hydrogenases, and development of O2-consuming processes. Since the bio-hydrogen methods use
renewable biomass, they are basically classified as a carbon-neutral technology. In particular, the bio-photolysis
method is regarded as a kind of the “carbon capture, utilization, and storage (CCUS)” technology since it captures
CO2 during the growth of microorganisms. Since the biomass of photosynthetic bacteria includes high valuable
components (e.g., value-added fatty acids and natural pigments), it is anticipated that the economic feasibility of
photo-biological H2 production systems could be further improved.
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emission (<5 kg CO2/kg H2, considering the whole cycles). Alternatively, H2 production by bio-photolysis is a net-
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S23-1
Trends in Technologies to Control Food-Borne Viruses
Sangha Han, Seok Woo Hyun, Jeong Won Son, Gyeongbae Song, Eun Ji Lee,
Eun Seo Choi, and Sang-Do Ha*
Department of Food Science & Technology, Chung-Ang University, Anseong 17546, Republic of Korea

As sterilization methods to kill food poisoning viruses from food, physical methods such as heat treatment and
irradiation, chemical methods such as sterilizing agents, and biological methods such as lactic acid bacteria and
enzymes have been used. These control methods, alone or in combination, can be applied to food to increase the
safety of the food. Recently, research on the development of control technology for new harmful microorganisms
such as viruses is being actively conducted mainly in developed countries. In addition, new sterilization methods
should contribute to maintaining food quality and nutrition as well as food safety. In particular, recently,
consumers prefer foods that have undergone minimal processing and avoid foods containing chemical additives.
and research is being conducted on the development of a sterilization method to increase safety and storage period
without degrading food quality in the shortest possible time. Most of the minimal processing methods go through
a non-thermal processing process to prevent deterioration of food quality due to heating. Physical methods
include high hydrostatic pressure, high voltage pulsed electric field, oscillating magnetic fields (OMF), radiation,
supercritical carbon dioxide, light pulses (high-intensity pulsed light), ultrasonics, etc., and chemical methods
include photocatalytic oxidation using ultraviolet light, ozone, electrolyzed water, lysozyme, and other microbial
cell walls. There are enzymes, CA storage method (controlled atmosphere storage), disinfectants and the like. In
addition, fermentation using microorganisms or biopreservation or biological preservation using bacteriocins,
enzymes, and probiotics produced by microorganisms are being actively studied as new sterilization methods.
Some of the above control methods are currently limitedly used in the food industry, but most methods have not
yet been put to practical use due to various limitations. However, compared with the traditional sterilization
method, the new technologies have many advantages such as processing efficiency, food safety improvement, and
quality preservation, and are expected to be widely used in the food industry in the near future.
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For this reason, the non-heating minimal processing method is in the spotlight as a new sterilization technology,
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S23-2
Bacteriophage Applications for Food Safety
Sangryeol Ryu*
Department of Food and Animal Biotechnology, Seoul National University, Seoul 08826, Republic of Korea

The use of bacteriophages and their lytic enzymes to control various pathogenic bacteria has emerged as a
promising new tool to solve the antibiotic resistance crisis. Bacteriophages are viruses that specifically infect and
lyse bacterial cells by taking over metabolic machineries of the host in lytic cycle. Phages are ubiquitous in
environments and have a long history of safe use. In contrast to antibiotics, phages do not disturb normal
microbial flora because of its highly specific host range. The rapid development of bacterial resistance to phage
infection is a significant barrier to practical phage application. The strategy of developing cocktails of phages that
target different host receptors of S. Typhimurium, including flagella, O-antigen and BtuB will be discussed as a
system to overcome bacterial resistance to phage infection and narrow host range of the phage.
of the bacterial cell wall. They are synthesized at the end of phage lytic replication cycle to lyse the host bacterial
cell, resulting in the release of the viral progeny. As endolysins can quickly lyse the Gram-positive bacteria when
they are applied exogenously, they are considered as a promising enzyme-based antibacterial agent. Endolysins of
the Gram-positive bacteria generally have a modular structure consisting of a catalytic domain (s) and a cell wall
binding domain, suggesting that rearrangement of functional domains of various endolysins to develop novel
endolysins with improved properties is possible. A procedure for random domain swapping of Staphylococcus

aureus endolysins was established and used successfully to develop novel chimeric endolysins with higher
solubility and lytic activity. The system was also modified to be used to develop novel endolysins acting against the
Gram-negative bacteria. Membrane disrupting domains were fused to endolysins and their activities were
screened against the Gram-negative bacteria and several clones with enhanced antibacterial activity were selected
and characterized. These endolysin engineering results provide promising strategy for developing new endolysins
with potential to be used against the Gram-negative bacteria.
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Endolysins, or lysins, are phage-encoded mureolytic enzymes that directly cleavage bonds in the peptidoglycan
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S23-3
Investigation of Antimicrobial Resistance Genes with a Consolidated
Database and Analysis Pipeline
Donghyuk Kim*
School of Energy and Chemical Engineering, Ulsan National Institute of Science and Technology,
Ulsan 44919, Republic of Korea

While the increasing antibiotic resistance (AMR) in pathogenic bacteria has been a serious burden on public
health, effective tools to control the AMR genes remain limited. In this study, we consolidated a Blanket
Antibiotic-Resistance gene Database with Structure investigation (BARD) – a database that compactly and fully
collected AMR gene data with predictive protein structural information. The BARD database was constructed
from multiple AMR gene data collected through three sources, the previous AMR database and literature review.
Especially, The BARD database contains more ESBLs than the previously AMR database, so it is more specialized
providing the predictive protein structure of frequently occurring SNP models. The BARD database could be
utilized flexibly through the RADAR pipeline, which is a cloud-based and self-developed WGS analysis pipeline.
The WGS data of eight multidrug-resistance pathogenic bacteria including ESKAPE were analyzed with BARD
database and RADAR pipeline. As a result, 52,543 ESBL hits were detected, and it was confirmed that the top five
ESBL subclasses detected the most were AmpC, OXA, TEM, CTX-M, and SHV classes. Based on the WGS
analysis, the Pan-resistome reconstruction was performed for validating the distribution pattern among major
AMR genes. The reconstruction of pan-resistome revealed that the distribution of ESBL genes in E. coli and A.
baumannii was found to be global and especially, E. coli was confirmed to be the major strain with the most ESBL
genes. Additionally, the epidemiologic analysis and co-occurrence analysis of newly emerging AMR subclasses
was performed for identifying prevalence tendency. The analysis not only showed that the newly emerging AMR
subclass has been rapidly increasing, but also revealed that co-occurrences occur frequently among themselves
due to the mutual acquisition of AMR genes. Additionally, the additional analysis for investigating the SNP effects
nearby active site showed that the in-depth analysis could be possible with the BARD database. The Electrostatic
analysis and MD simulation was showed the mutant model has a stronger binding affinity with the cefotaxime.
Considering all the analysis results, we report the BARD database was expected that it has a pivotal role in
conducting the in-depth analysis of AMR.
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for analyzing widespread ESBLs and it could be used as a database that enables various in-depth analysis by
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S23-4
Research Trends of MFDS in Microbiological Food Safety
Yong-Chjun Park
Food Microbiology Division, National Institute of Food and Drug Safety Evaluation, Ministry of Food and Drug Safety,
Cheongju 28159, Republic of Korea

Food related R&D conducted by the Ministry of Food and Drug Safety is being carried out for the purpose of
providing safe food to consumers. In other words, it focuses on establishing scientific standards and specifications
through microbial monitoring, risk assessment, and improvement and development of test methods. This is
different from R&D projects of other Ministries that support basic technology for the purpose of industrial
promotion on the producer side. In particular, various R&D projects are being carried out to protect public health
from biological hazards by using the latest techniques. The latest techniques mean next-generation sequencing,
metagenome analysis, and risk assessment of microorganisms, etc. Research expenses in the field of
increase. The microbial research project in 2022 consists of four major areas. First, “Development of food
poisoning causative agent analysis technology using advanced technology”, Second, “Research on technology to
respond to hazardous factors in the post-COVID-19 era”, Third, “Research on food safety management to respond
to environmental changes in food consumption” Fourth, “Scientific Data-based food safety management policy
support study”. This presentation will cover the current research trends and future direction in the field of
microorganism.
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microorganisms are increasing year by year, from 2.3 billion KRW in 2012 to 8.33 billion KRW in 2022, a 261%
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YS1-1
Bacterial Regulation of Vitamin A Transport and Its Role in the
Intestinal Immunity
Ye-Ji Bang1†, Zehan Hu1, Yun Li1, Sureka Gattu1, Kelly A. Ruhn1, Prithvi Raj1, Joachim Herz2,3,4,5,
and Lora V. Hooper1,6*
1

Department of Immunology, University of Texas Southwestern Medical Center, Dallas, TX 75390, USA,
Department of Molecular Genetics, University of Texas Southwestern Medical Center, Dallas, TX 75390, USA,
3
Center for Translational Neurodegeneration Research, University of Texas Southwestern Medical Center, Dallas, TX 75390,
USA, 4Department of Neurology and Neurotherapeutics, University of Texas Southwestern Medical Center, Dallas, TX 75390,
USA, 5Department of Neuroscience, University of Texas Southwestern Medical Center, Dallas, TX 75390, USA, 6Howard
Hughes Medical Institute, University of Texas Southwestern Medical Center, Dallas, TX 75390, USA
†Present address: Department of Microbiology and Immunology, Seoul National University College of Medicine,
Seoul 03080, Republic of Korea
2

acid (RA)-producing myeloid cells are central to this process, but how myeloid cells acquire retinol for enzymatic
conversion to RA is unknown. Here, we show that serum amyloid A (SAA) proteins, retinol binding proteins
induced in intestinal epithelial cells by the microbiota, deliver retinol to myeloid cells. We identify LDL receptorrelated protein 1 (LRP1) as an SAA receptor that facilitates endocytosis of SAA-retinol complexes and promotes
retinol acquisition by RA-producing intestinal myeloid cells. Consequently, SAA and LRP1 are essential for
vitamin A-dependent immunity, including T and B cell homing to the intestine and immunoglobulin A
production. Our findings identify a key mechanism underpinning vitamin A’s effects on the immune system and
provide molecular insight into how the microbiota promotes intestinal immunity.
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Vitamin A and its derivative retinol are essential for the development of intestinal adaptive immunity. Retinoic
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YS1-2
Genome Sequencing-Based Evolutionary Prediction of GlycanAdhering Lectins and Experimental Evaluation of a Lectin (FimH)
Inhibitor Using an Enterohemorrhagic Escherichia coli Strain
Isolated in Korea
Junyoung Park1, Cheorl-Ho Kim2, and Seung-Hak Cho1*
1

Division of Zoonotic and Vector Borne Disease Research, Center for Infectious Disease Research, Korea National Institute of
Health, Cheongju 28159, Republic of Korea, 2Glycobiology Unit, Department of Biological Science, Sungkyunkwan University
and Samsung Advanced Institute for Health Science and Technology (SAIHST), Suwon 16419, Republic of Korea

We analyzed the evolutionary characteristics of the predicted lectin-like adhesins for the construction of a
lectin-glycan interaction network (LGI). A total of 20,603 assembled E. coli sequences were retrieved from NCBI,
including 2,240 strains with Shiga toxin in their genome. A strain isolated from a Korean patient with diarrhea,
predicted from the annotated genes of E. coli strains. In addition, we performed a phylogenetic analysis using the
fimH gene, a well-known adhesin of enterohemorrhagic E. coli (EHEC). Multiple sequence alignment of 2,204 E.

coli species yielded an evolutionary tree. Multi-locus sequence typing-based phylogenetic analysis revealed that
NCCP14539 is the ancestor of 70 EHEC strains. An experiment was conducted to find the FimH inhibitor using
the NCCP14539 strain. Using a T7 phage display method, FimH was selected as an adherent lectin from among
the GM1- and Gb3- attached lectins. Through simulation docking, we then confirmed that Gb3 has a stronger
binding ability to FimH and inferred the binding site sequence. Thus, our results provide evidence that Gb3derived peptides can act as novel agents to block FimH binding and prevent infection by EHEC.
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EHEC NCCP14539, was also sequenced. The outer-membrane embedded proteins which could be adhesins were
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Surface Polysaccharides as a Protective Barrier Conferring
Aerotolerance to Campylobacter jejuni
Jinshil Kim1,2, Myungseo Park3, Qingqing Mao4, Chi Chen4, Sangryeol Ryu1,2*, and Byeonghwa Jeon3*
1

Department of Food and Animal Biotechnology, Department of Agricultural Biotechnology, and Research Institute for
Agriculture and Life Sciences, Seoul National University, Seoul 08826, Republic of Korea,
2
Center for Food and Bioconvergence, Seoul National University, Seoul 08826, Republic of Korea,
3
Environmental Health Sciences, School of Public Health, University of Minnesota, Minneapolis, MN 55455, USA,
4
Department of Food Science and Nutrition, University of Minnesota, 1334 Eckles Ave, Saint Paul, MN 55108, USA

Aerotolerance sustains the viability of oxygen-sensitive bacteria in aerobic environments. Our current
understanding of mechanisms underlying aerotolerance, particularly in microaerophiles, is limited.

Campylobacter jejuni, as an obligate microaerophile, is sensitive to oxygen in the atmosphere. Here we show that
aerobiosis of C. jejuni increases intracellular accumulation of hydrogen peroxide, which leads to the stimulation of
metabolism to produce precursors for surface polysaccharide synthesis. Functional disruption of the tricarboxylic
acid cycle eliminates aerobiosis-mediated induction of surface polysaccharide synthesis and considerably reduces
aerotolerance. In the absence of surface polysaccharides, C. jejuni experiences increased levels of oxidative stress
under aerobic conditions and shows defective aerotolerance. Interestingly, intracellular accumulation of
endogenous hydrogen peroxide stimulated the surface polysaccharides synthesis. Our data demonstrate that in
aerobic environments, C. jejuni develops a thick layer of surface polysaccharides, which in turn acts as a protective
barrier conferring aerotolerance to C. jejuni.
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surface polysaccharide synthesis. Despite the arrest of bacterial growth, aerobiosis boosts central carbon
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Genomic Plasticity of Red Algal Polysaccharide Metabolism in
Marine Heterotrophic Bacteria
Duleepa Pathiraja1, Peter Stougaard2, and In-Geol Choi1*
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Marine heterotrophic bacteria (MHB) are the primary degraders of marine ecosystems and encode a diverse
repertoire of carbohydrate active enzymes (CAZymes) for the catabolism of various algal cell wall polysaccharides.
Extensive surveying of the genomic content of MHB revealed that CAZymes dedicated for depolymerizing algal
cell wall polysaccharides are clustered in genomic regions known as polysaccharide utilization loci (PULs).
Recently isolated cold-adapted marine bacterium Colwellia echini A3 harbors PULs specific for catabolism of two
key red algal polysaccharides, agar and carrageenan. C. echini A3 is an exemplary model to illustrate the versatility
CAZymes encoded in respective PUL. Some of these orthologous CAZymes are found in multiple MHB, thus
forming the core agarolytic or carrageenolytic pathway. This core pathway is often diversified by non-orthologous
enzymes found exclusively in certain MHB. The agarolytic enzyme repertoire of C. echini A3 has rare GH96
α-agarase, apart from the common GH50 and GH86 β-agarases. α-Agarases diversify the core β-agarolytic
pathway by creating novel auxiliary pathways and share the metabolic intermediates for converting agar into
monosaccharides, D-galactose and 3,6-anhydro-L-galactose (L-AHG). Carrageenolytic enzyme repertoire of C.

echini A3 is consisted of GH16 κ-carrageenase, GH82 ι-carrageenase and less common GH16 furcellaranase
(hybrid β/κ-carrageenase), and subsequently converge all the carrageenan intermediate metabolites into
D-galactose and 3,6-anhydro-D-galactose (D-AHG) through different metabolic routes. Comparative genomic
analysis of the agarolytic and carrageenolytic enzyme repertoires in MHB suggested that cytosolic central
metabolic pathway, that metabolize rare sugar L-AHG/D-AHG, is conserved in agarolytic/carrageenolytic MHB.
Whereas depolymerization of agar or carrageenan is versatile and catalyzed by non-orthologous CAZymes with
dedicated functions in extracellular and periplasmic space. MHB are evolved by acquiring genes with novel
hydrolytic functions into their PULs and expand the enzyme repertoire for enhancing metabolic versatility,
thereby facilitating the adaptation of MHB into specific niches.
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Genomic Analysis of BDSF Signal and Quorum-Sensing Network in
Burkholderia contaminans SK875
Hae-In Jung1,2 and Soo-Ki Kim1*
1

Department of Animal Sciences and Technology, Konkuk University, Seoul 05029, Republic of Korea, 2SME Support Center,
Korea Research Institute of Bioscience and Biotechnology (KRIBB), Daejeon 34141, Republic of Korea

The Gram-negative Burkholderia produces the quorum sensing (QS) signaling molecules including N-acyl
homoserine lactone (AHL) and cis-2-dodecenoic acid (Burkholderia diffusible signal factor, BDSF). In this study,
the genes related to the QS system were identified in Burkholderia contaminans SK875 which was isolated from
the respiratory tract of a pig with a respiratory disease in Korea. The whole genome of B. contaminans SK875 was
sequenced using the Illumina HiSeq 2000 and PacBio RS II NGS systems, and the genetic characteristics were
analyzed in various bioinformatics databases. B. contaminans SK875 consists of 3 chromosomes and 1 plasmid. B.
QS signaling networks include the cepIR, AI-1, BDSF, and AI-3 systems. The KEGG QS pathway showed the

rpfFR is a major gene for regulation of the BDSF system. Analysis of the map positions of the cepIR and rpfFR
genes, which regulate the AHL and BDSF signaling systems, showed that five B. contaminans species including B.

contaminans SK875 were similar in terms of their respective gene positions. A total of 24 genes carrying the same
GGDEF and EAL domains as the RpfR protein which controls the intracellular levels of c-di-GMP via BDSF signal
were distributed on the chromosomes of B. contaminans SK875, but they showed low homology (<42%) in
comparison with RpfR.
In order to identify the QS signaling mechanism that regulates intracellular c-di-GMP levels in B. contaminans
SK875, the rpfFR and cepIR genes were deleted by a pMo130-based homologous recombination method. The QS
signal producing capacity of the constructed mutants was determined using B. cenocepacia H111 (ΔrpfFBc/
pAN-L15) and the AHL reporter strains. Intracellular c-di-GMP levels of the mutants were quantified by
fluorescence levels through the expression of pCdrA::gfp. The B. cenocepacia H111 (ΔrpfFBc/pAN-L15) showed
decreased luminescence in the ΔrpfF mutant. Furthermore, the AHL signal reporter strains showed reduced AHL
signals in most of the deletion mutants. We found significant increase of intracellular c-di-GMP concentration in

ΔrpfFR and ΔcepIR mutants rather than in ΔrpfF ΔcepIR mutants, indicating rpfR can decrease the c-di-GMP
level. The ΔrpfF and ΔrpfR mutants showed significant increases in biofilm and ring biofilm in comparison with
the wild-type strain. Pellicle formation did not significantly differ in the single mutant ΔrpfR strain, but decreased
in the ΔcepIR double deletion mutant. A SEM photo showed thin and mesh-like structures of the bacterial surface
in the deletion mutants. Auto-aggregation was increased in the ΔrpfF mutant. A smooth and glossy surface in the
wild-type strain and a dry and wrinkled surface in the ΔrpfFR mutant series were observed by growing on LB agar
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contaminans SK875 has various antibiotic resistant and invasive genes involved in pathogenicity. The identified
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plates. Moreover, Congo red staining displayed glossy and red colonies in the wild-type strain and pink and
wrinkled colonies in the ΔrpfFR mutant. Decreased swimming and swarming motilities were observed in the

ΔrpfFR mutation series. C. elegans survived longer when infected with ΔrpfFR mutant compared to the wild type.
Although the survival rate of G. mellonella did not increase significantly like that of C. elegans, the survival rate of
caterpillars treated with ΔrpfR ΔcepI and ΔrpfR increased and the amount of fluorescence resulting from GFP
fusion protein in the infected abdomen increased in the ΔrpfR mutant strain compared to wild-type strain.
Porcine lung tissue infected with wild-type B. contaminans SK875 also showed the same QS phenotypes as
observed in broth culture. The c-di-GMP level increased in lung tissue infected by the ΔrpfF and ΔrpfR strains but
decreased in that infected with the ΔrpfFR strain. The BDSF signal rpfFR was shown to inhibit biofilm formation
and regulate QS phenotypes with the AHL signal cepIR, serving to reduce the intracellular c-di-GMP level. Based
on this study, future research is needed to identify a novel inter-regulatory mechanism that combines the BDSF
and AHL signaling systems and the intracellular secondary metabolite c-di-GMP.
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Discovery of Novel Microbial Secondary Metabolites by Co-Culture
System of Fungus and Actinomycete
Gwi Ja Hwang1,2, Mina Jang1,5, Sangkeun Son1,6, Gil Soo Kim1,2, Byeongsan Lee1,
Kyung Taek Heo1,2, Geum Jin Kim3, Hyukjae Choi3, Jae-Seoun Hur4, Jun-Pil Jang1,
Sung-Kyun Ko1,2, Young-Soo Hong1,2*, Jong Seog Ahn1,2*, and Jae-Hyuk Jang1,2*
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Anticancer Agent Research Center, Korea Research Institute of Bioscience and Biotechnology, Cheongju-si 28116,
Republic of Korea, 2Department of Biomolecular Science, KRIBB School of Bioscience, University of Science and Technology,
Daejeon 34113, Republic of Korea, 3College of Pharmacy and Institute of Cell Culture, Yeungnam University, Gyeongbuk
38541, Republic of Korea, 4Korean Lichen Research Institute, Sunchon National University, Suncheon-si 57922, Republic of
Korea, 5New Drug Development Center, Daegu-Gyeongbuk Medical Innovation Foundation, Daegu 41061, Republic of Korea,
6
Antimicrobial Discovery Center, Department of Biology, Northeastern University, MA 02115, USA

It has been widely recognized that microorganism contained various biosynthesis gene clusters for secondary
condition. To overcome these limitations, diverse strategies have been designed to regulate microbial gene
expression. A co-culture of microorganisms that involves two microorganisms in the same restricted culture
environment is a promising strategy to regulate microbial gene expression.
Therefore, in this study, various fungal strains were cultured with or without Streptomyces sp. 13F051 producing
HDAC inhibitor, trichostatin analogs to induce the epigenetic gene expression of fungi, and the metabolic profiles
were investigated by LC-MS.
Among the 108 fungal strains, four fungal strains produced the different secondary metabolites that were not
recognized or were scarcely produced in mono-culture of fungal strain in co-culture system. Based on the
interpretation of NMR, UV, and MS data, the induced compounds were identified as a CRM-51005 analog (1)
from the co-cultured extract with an unidentified fungus 15F027, a dinapinone analog (3) from the co-cultured
extract with a fungal strain Myrmecridium schulzeri 15F098, and two sambutoxin analogs (4 and 5) from the cocultured extract with a fungal strain Scleroconidioma sphagnicola 15S058 along with two known compounds
(CRM-51005 (2) and AS2077715 (6)), and their producers have been identified as fungi.
In addition, a novel compound, ulleungdolin (7), was identified from the co-cultured extract of Streptomyces
sp. 13F051 with an endolichenic fungus Leohumincol minima 15S071. To identify the producer of 7, we monitored
the chemical profiles of each mono-cultured extract by LC-MS. The results showed that Streptomyces sp. 13F051
produced 7, which was also confirmed by putative biosynthetic gene cluster analyses using bioinformatics. The
amount of 7 increased ten-fold in the co-culture extracts Streptomyces sp. 13F051 and Leohumincol minima
15S071. Based on the interpretation of the NMR, UV, and MS data, we deduced that the planar structure of 7
comprised an isoindolinone (IsoID) with an octanoic acid, a tripeptide, and a sugar. The tripeptide has the
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metabolites. Despite of this genetic ability, many biosynthetic genes are silent under traditional laboratory culture

49th Annual Meeting & International Symposium

2022 KMB Selected Five Leading Technologies in Microbiology and Biotechnology

The Korean society for
Microbiology and Biotechnology

YS1-6

unprecedented amino acids, norcoronamic acid, 3-hydroxy-glutamine, and 4-hydroxy-phenylglycine, and is
linked by C-N bond with IsoID. The absolute configurations were determined by chemical derivatization,
extensive spectroscopic analyses, and computational analyses and confirmed by bioinformatics analyses. These
results indicated that 7 is a new polyketide-peptide hybrid compound bearing an unprecedented sugar, 2,4-di-Omethyl-β-D-antiarose. Further bioactivity evaluation studies indicated that 7 exhibited an anti-migration effect on
MDA-MB-231 (human breast adenocarcinoma) cells without cytotoxicity.
In this study, the co-culture system is used for enhancing cryptic secondary metabolites, identifying structurally
diverse secondary metabolites, especially, ulleungdolin with unprecedented moieties. These results suggest that coculture strategy was confirmed as a promising method to discover novel secondary metabolites in restrict
laboratory culture condition.
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Simultaneous Utilization of Glucose and Xylose by Metabolic
Engineered Pseudomonas putida for 3-Hydroxypropionic
Acid Production
Rameshwar Tiwari, Chandran Sathesh-Prabu, and Sung Kuk Lee*
Department of Energy and Chemical Engineering, Ulsan National Institute of Science and Technology (UNIST),
Ulsan 44919, Republic of Korea

Recent concerns over sustainability of our existing petroleum-based economy have raised interest in harnessing
microbial organisms to produce chemicals from renewable biomasses. This microbial conversion is hampered by
the difficulty in designing and constructing effective synthetic metabolic pathways and inhibitory effect of
substrates and products. Pseudomonas putida EM42 strain recognized as safe microbial host to become a nextgeneration-synthetic-biology chassis or industrial workhorse with its metabolic versatility and applicability.
which limits the efficacy of this strain as an ideal platform strain to process lignocellulosic biomass.
3-Hydroxypropionic acid (3HP) is one of the top 12 value-added chemicals produced by biomass and used as
polymer film as well as crosslinking agent, metal lubricant, antistatic agent for fiber. In the present work, two
xylose metabolic pathways were heterologously expressed in P. putida EM42. The engineered P. putida EM42
strain showed highest growth and simultaneous utilization of glucose and xylose after adaptive laboratory
evolution. The genome of adaptive strain was sequenced, and annotation was performed to observe the possible
mutations. Moreover, glucose and xylose co-metabolic capacity of engineered and adaptive P. putida EM42 strain
was used to produce 3HP via malonyl-CoA-dependent pathway. The xylose metabolic capacity of engineered P.

putida EM42 strain can improve its applicability as a platform strain and further incorporation of new biochemical
routs will be useful for efficient conversion of lignocellulosic sugars into valuable chemicals.
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However, carbohydrate utilization of P. putida EM42 is narrowed upto few some hexoses (glucose and fructose)
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Efficient Valorization of Food Waste Oils to Renewable Biodiesel by
a Candida antarctica Lipase B Mutant that Catalyzes the Ester
Synthesis Reaction in the Presence of Water
Hyunjun Ko1, Mi-Jin Kim1, Hyun-Jin Kim1, Ho-Yeon Lee2, JinHyuk Lee2, Jung-Hoon Bae1,
Bong Hyun Sung1, and Jung-Hoon Sohn1,3*
1

Synthetic Biology and Bioengineering Research Center, Korea Research Institute of Bioscience and Biotechnology (KRIBB),
Daejeon 34141, Republic of Korea, 2Genome Editing Research Center, KRIBB, Daejeon 34141, Republic of Korea,
3
Cellapy Bio Inc., Daejeon 34141, Republic of Korea

Food waste oil (FWO) is the most suitable raw material for economic biodiesel (BD) production, owing to its
low price, sufficient supply, and waste disposal diversion. However, water in FWO inhibits BD production by

Candida antarctica lipase B (CALB), a representative BD production lipase, which must be overcome. Here, we
facilitating the direct conversion of BD from low-quality waste oils, including FWO. The immobilized CALB1422
showed 91.1% and 72.6% BD conversion rates for soybean oil containing 2% and 8% water, respectively; wild-type
CALB was inhibited to 29.8% in the presence of 2% water. It is presumed that the increased water attraction of the
mutation site freed the catalytic site from water, which was confirmed by molecular dynamics simulation and
amino acid substitution. From crude FWOs containing various water contents, CALB1422 exhibited up to a 2.1fold increase in BD conversion yield against commercial lipase (Novozym 435). It was calculated that more than 2
tons of BD could be produced using 1 kg of immobilized enzyme for 250 cycles. Refining the resulting enzymatic
BD increased the fatty acid methyl ester content to 97.3%, which passed fuel specifications. We demonstrated a
practical, efficient, and eco-friendly BD production method using mutant lipase from low-quality waste oils.
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A Designed Probiotic for Live Diagnosis of Gut Inflammation
Seung-Gyun Woo1, Seong Keun Kim1, Taehyun Kim1,2, Seung-Goo Lee1,2*, and Dae-Hee Lee1,2*
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Synthetic Biology and Bioengineering Research Center, Korea Research Institute of Bioscience and Biotechnology (KRIBB),
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University of Science and Technology (UST), Daejeon 34113, Republic of Korea

A genetic circuit is a valuable and promising tool for programmable control of gene expression within living
cells and is increasingly applied to probiotics to non-invasively monitor and treat diseases. Here, we engineered
and optimized a probiotic Escherichia coli Nissle 1917 for the detection of a biomarker of gut inflammation,
nitrate emanating from inflammatory host response. We first optimized the expression level of the two-component
regulatory system of nitrate biosensor to maximize the sensitivity against nitrate and then showed that the
engineered E. coli Nissle 1917 strain harboring nitrate biosensor can detect and respond to exogenous nitrate in
biosensor can detect and respond to nitrate originating from chemically induced colitis mice, and the intensity of
the reporter fluorescence was correlated with the amount of nitrate induced by inflammation in vivo. Last, we
created the AND logic circuit as a proof-of-concept using orthogonal thiosulfate (another biomarker of gut
inflammation) and nitrate biosensors to respond specifically to inflammation. The AND logic circuit in the E. coli
Nissle 1917 strain was activated in the presence of both biomarkers, thiosulfate and nitrate. Overall, we developed
the engineered probiotic E. coli Nissle 1917 strain that can be widely applicable both in bacterial cell-based
diagnostics or therapeutics for gut inflammation.
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Whole Cell-Based Biocatalysis for Enhanced Production of
Luteolin Glycosides by Amylosucrase from Recombinant
Corynebacterium glutamicum
Inonge Noni Siziya1,2,3, Myung-Ji Seo1,2,4, and Dong-Ho Seo3*
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Division of Bioengineering, Incheon National University, Incheon 22012, Republic of Korea, 2Research Center for
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Department of Food Science and Technology, College of Agriculture and Life Sciences, Jeonbuk National University,
Jeonju 54896, Republic of Korea, 4Department of Bioengineering and Nano-Bioengineering,
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The progression of viable microbial cells as biocatalysts is driven by their high performance, stability, economic
feasibility, and time-saving benefits. Whole cells (WC) of Corynebacterium glutamicum expressing amylosucrase
numerous benefits in the treatment of metabolic syndrome. The transglycosylation of luteolin improves its sparse
solubility in aqueous solutions, and cDgAS was optimized for luteolin glycoside synthesis using purified enzymes
(PE), whole cells suspended in buffer (WCB) and whole cells in ethanol (WCE). Transglycosylation efficiency was
greatest in WCB and WCE, and peaked in WCE before cell death by ethanolic permeabilization. WC adapted to
higher temperatures and reaction times than PE and IC required lower concentrations of sucrose donor to
produce obtain greater luteolin glycoside yields. The results indicated that whole cell-based catalysis could be of
greater industrial significance than purified enzymes.
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Biocatalytic Synthesis of Flavors and Fragrances, Mediated by a
New Comer, α-Dioxygenase
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Aroma compounds including flavors and fragrances possess a high commercial value, which can be applied in
perfume, food/beverage, cosmetic, and detergent/soap industries. In particular, fatty aldehydes (FALs) derived
from corresponding fatty acids (FAs) are an important group of aroma compounds. Depending on the properties
of double bond (i.e. degree/position/number/configuration) and chain length, they provide a great structural and
sensory diversity. Compared to the chemical method, biotechnological production of FAL is considered to be
more economically feasible and greener, meeting the demand from the consumers for more “natural” products.
(ADH), and alcohol oxidase (AOX), a relatively new comer, α-Dioxygenases (α-DOXs) have recently received a
great attention due to their distinguishing advantages like no requirement of cofactors and capability to produce
rare (i.e. odd-numbered) FALs. Generally, α-DOXs are known as heme-dependent enzymes with plant origins in
which they mediate the α-oxidation process of FA to synthesize FAL as the precursor of physiologically important
oxylipin. However, our phylogenetic tree demonstrates their potential existence in a wide range of taxa. In this
talk, two novel α-DOXs discovered from cyanobacteria (i.e. CalDOX from Calothrix parietina and LepDOX from

Leptolyngbya sp.) are presented, which were identified by systematic bioinformatic approach. We show catalytic
behaviors of cyanobacterial α-DOXs and biotechnological production of various FALs from cheap substrates
based on whole-cell system using these enzymes. These newly identified α-DOXs will help to facilitate industrial
biosynthesis of FAL-based aroma and FAL-derived value-added chemicals.
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Metabolic Flux Estimation and Genetic Overexpression on
Eubacterium limosum KCTC13263BP for Enhancing Cellular
Metabolism and Acetate Production Rate
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The synthesis gas is a mixture of gas mainly containing hydrogen, carbon dioxide, and carbon monoxide as its
components. Since the synthesis gas is a by-product of industries such as steel mills and fuel refineries, there has
been extensive practice for the application of the synthesis gas throughout the years. Recently, various enterprises
approach is mainly performed by microbial fermentation since microbial fermentation has the potential to
generate more diverse products with increased selectivity than the chemical-dependent processes. The
microorganisms used for the synthesis bioconversion should have a high tolerance to the substrate CO and the
productivity of acids. Therefore, metabolic engineering is necessary to produce microorganisms of interest. The
most frequently attempted method for enhancing microorganisms is to perturb the metabolism within the
microorganisms via expression level modification. Although synthesis gas bioconversion rate via expression level
modification was not always successful, the method through metabolic perturbation for more accurate selection
for target metabolisms (or reactions) is required.
In this research, the bacterium Eubacterium limosum KCTC13263BP (formerly known as KIST612) was
investigated to find the optimum protocols for enhancing CO conversion and acetate production rates. E. limosum
KCTC13263BP is a Gram-positive, strictly anaerobic bacterium that fixes carbon via the Wood-Ljungdahl
pathway (the W-L Pathway). The W-L pathway oxidates CO to Acetyl-CoA as a reduced intermediate and either
convert it to acetate or incorporates it into cellular biomass. We have observed an increment in specific CO
oxidation and specific acetate production rates of constructed mutant by 3.1-fold and 1.4-fold compared to the
wild-type strain, respectively. A comprehensive study on the KCTC13263BP successfully estimated fluxes
established throughout the pathways within constructed mutant compared with the wild-type strain. We have
found redox cycles between the W-L pathway and the Rhodobacter nitrogen fixation complex (the Rnf complex)
coupled with overall fluxes response. This hypothesis had verified via measurement of ratio in oxidized/reduced
forms of nicotinamide adenine dinucleotide. Additionally, it had suggested that the tetrahydrofolate-related
reactions could be a way to decompose the reducing equivalent to facilitating redox cycle in the strain.
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Synthetic Signal Peptide Library for Recombinant Protein
Secretion in Corynebacterium glutamicum
Eun Jung Jeon1 and Ki Jun Jeong2*
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Secretion of recombinant protein in microorganisms is a cost-effective process that eliminates the downstream
processes of cell disruption in the industry. Corynebacterium glutamicum is an ideal industrial host strain for the
production of amino acids and many recombinant proteins. Moreover, it is GRAS (Generally recognized as safe)
strain and has a native secretion system. Although C. glutamicum has the advantage in their secretory ability, a
bottleneck for secretion still exists. The secretion efficiency varies on the target protein and limits of signal
secretion. Here, we proposed synthetic signal peptide library to overcome the limitation of its use and
demonstrated that efficient secretion production is possible. Also, we introduced general secretion screening
system available for any protein using chemogenetic fluorescent reporter FAST, and high-throughput screening
system using microfluidic binary sorter. Using these systems, found a new synthetic signal peptide and successfully
secreted the endoxylanase in C. glutamicum.

332

Symposium

peptides, and the high-throughput screening is difficult because there are no general screening systems for

49th Annual Meeting & International Symposium

2022 KMB Selected Five Leading Technologies in Microbiology and Biotechnology

The Korean society for
Microbiology and Biotechnology

YS2-7
An Efficient and Hassle-Free Expression System for Escherichia coli
Chandran Sathesh-Prabu and Sung Kuk Lee*
School of Energy and Chemical Engineering, Ulsan National Institute of Science and Technology (UNIST),
Ulsan 44919, Republic of Korea

The production of biobased bulk chemicals from renewable bioresources could minimize the negative impacts
of conventional chemical-based productions on the environment and the challenges posed by depleting resources
of natural petrochemicals. Recent biotechnological progress, particularly in the areas of genetic engineering,
synthetic biology, systems biology, and metabolic engineering, offers novel tools to customize cell factories for biobased production. Inducible expression systems are essential to produce biochemicals in biotechnological chassis
such as Escherichia coli, Pseudomonas putida etc. The IPTG-inducible system is currently the most efficient
method for the overexpression of recombinant proteins in many hosts of biotechnological interest. However, it is
not cost effective and is incompatible with scaling up on an industrial level. In general, uncontrolled high-level
uncontrolled production of target protein(s) and structural instability. The use of inexpensive and amicable
substances as an inducer of promoter systems could be considered as one of the feasible strategies in the largescale
production of biochemicals. Recently, we reported 3-hydroxypropionic acid (3-HP) and levulinic acid (LA)
-inducible HpdR/PhpdH system in P. putida KT2440 and M. extorquens AM1. LA, obtained through acid-catalyzed
dehydration and the hydrolysis of sugars from renewable cellulosic feedstocks, can be used for the synthesis of
commercially valuable chemicals such as fuel additives, fragrances, solvents, oil additives, pharmaceuticals, and
plasticizers. In the present study, the efficiency of HpdR/PhpdH expression system was evaluated in Escherichia coli
K12 MG1655 strain using LA and 3H-P as the inducers. We found that the HpdR/PhpdH expression system was not
efficient in E. coli as the expression of heterologous regulatory protein was limiting. The increased level of the
HpdR expression is essential for the high-level expression of downstream genes. Another concern in the
heterologous expression is the plasmid maintenance, mainly carried out by constructing the plasmid backbone
with a gene conferring resistance to antibiotics and growing the cell in an antibiotic-containing culture medium.
However, this approach raises several limitations such as cost of antibiotics and dissemination of antibiotic
resistance especially in the large- scale cultures. In this context, we engineered the HpdR/PhpdH system by
modulating the 5’ untranslated region (UTR) of the HpdR to achieve higher level of expression using LA as the
inducer and constructed antibiotic-free plasmid maintenance expression system by complementing an essential
gene on the plasmid. The efficiency of the constructed system was evaluated by measuring the green fluorescent
protein (GFP) fluorescence intensity of the recombinant strains and also by producing 4-hydroxyvalerate, an
industrial relevant chemical, from the LA as a substrate without addition of antibiotics and external inducers. This
system could be effectively used in the LA biorefineries for the production of biochemicals from LA.
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expression or constitutive expression systems are not always desirable because they are detrimental to cells due to
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ST-WiKim-1
Mouse Feeding Study and Microbiome Analysis of Lactic Acid
Bacteria Fermented Sourdough Bread for Evaluation of
Its Health Beneficial Effects
Jeong-Eun Kwak and Ju-Hoon Lee*
Department of Agricultural Biotechnology, Department of Food and Animal Biotechnology, Center for Food and
Bioconvergence, Research Institute of Agriculture and Life Science, Seoul National University, Republic of Korea

Sourdough bread which fermented with yeast and lactic acid bacteria (LAB) has attracted the public interest on
the health benefits. LAB fermentation not only enhances digestion, but also provides a better taste and flavor. To
find out the health beneficial effects of sourdough bread, mouse feeding study and microbiome analysis were
performed. As a result, 40% sourdough-containing white bread (WBS) reduced glycemic index (GI), total
acids by LAB and suggests a possible risk reduction of diabetes and cardiovascular disease. And, WBS increased
magnesium absorption by phytate degradation during fermentation and decreased pro-inflammatory cytokines
(TNF-α and IL-6). Gluten degradation by fermentation and antioxidation activity by gut microbiota support this
anti-inflammation activity of WBS. Microbiome analysis of WBS showed increased some beneficial gut bacteria
such as Lactobacillus, Bifidobacterium and Akkermansia. Akkermansia has been suggested to be associated with
anti-inflammation. These results suggest that WBS has health beneficial effects, such as GI and cholesterol lowering,
mineral absorption, anti-inflammation, and establishment of healthy gut microbiota.
Keywords: Sourdough, fermentation, microbiome
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cholesterol, triglyceride and the ratio of LDL and HDL. This is probably due to dietary fiber and short chain fatty
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ST-WiKim-2
Development of DNA-Free Genome Editing Technology for
Knock-Out of Dextransucrase Gene in Leuconostoc citreum
Using CRISPR-Cas9 System
Seul-Ah Kim1, Minh Tri Nguyen1, Sung Hoon Hong1, Yong-Su Jin2, and Nam Soo Han1*
1

Brain Korea 21 Center for Bio-Health Industry, Division of Animal, Horticultural, and Food Sciences, Chungbuk National
University, Cheongju 28644, Republic of Korea, 2Department of Food Science and Human Nutrition,
University of Illinois at Urbana-Champaign, Urbana, Illinois, 61801, USA

Leuconostoc citreum has been used as a starter culture for industrial kimchi fermentation in Korea. This bacterium
synthesizes exopolysaccharides (dextran) by dextransucrase, which have numerous applications in food and
pharmaceutical industries. However, dextran synthesis often causes obstacles in fermented foods such as undesired
The aim of this study was knock-out of the dextransucrase gene in L. citreum by employing DNA-free genome
editing tools of CRISPR-Cas9 system. For this, preassembled Cas9 protein and sgRNA targeting dextransucrase
gene were transformed into competent cells of L. citreum by electroporation. As result, mutants were successfully
obtained on sucrose agar medium which do not produce dextransucrase or dextran. In sequencing analysis, one
nucleotide in the mutant DNA was deleted, and it resulted in gene knock-out by a frame shift. When the mutant
strain was inoculated as a starter in kimchi (dongchimi), the fermentation characteristics such as viable cell counts,
pH, and metabolites were not significantly different (p<0·01) compared to the wild type strain. Whereas dextran
content in dongchimi inoculated with mutant strain was significantly decreased and alternan was produced after
fermentation. This study highlights that DNA-free genome editing tools using preassembled Cas9 and sgRNA can
be used to successfully knock-out target gene in L. citreum.
Keywords: DNA-free genome editing, Leuconostoc citreum, CRISPR-Cas9
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ropiness of kimchi and in biotechnolo gy such as increased viscosity of medium making it difficult to purify proteins.
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ST-WiKim-3
Optimized Conditions of Acid Tolerance Test for Probiotic
Candidates by Response Surface Methodology
Hye In Ko1,2, Chang Hee Jeong1, Sung Wook Hong1, Jong-Bang Eun2, and Tae-Woon Kim1*
1

Technology Innovation Research Division, World Institute of Kimchi, Gwangju 61755, Republic of Korea, 2Department of
Integrative Food, Bioscience and Biotechnology, Chonnam National University, Gwangju 61186, Republic of Korea

Acid tolerance is a key feature of probiotics development because it enables the positive benefits of probiotics to
function effectively. However, the method of evaluating acid resistance differs among researchers, causing confusion
in interpreting the results. Hence, we established the optimal conditions for the acid tolerance test employing the
response surface methods in current study. Independent variables were set as pH (2.5–3.5), exposure time (1–2 h),
and pepsin (presence or absence), and the survival rate of seven strains known to have probiotic properties was used
as dependent variable. The results of the analysis of variance (ANOVA) indicated that the pH value and exposure
affect (p<0.05). Using the ANOVA results, the condition of the acid tolerance test was optimized with a target of
85% survival rate for each strain. The pH 2.92, 1.73 hour exposure time with pepsin, and pH 3, 1.98 hour exposure
time without pepsin were the optimal conditions for the acid tolerance test. This standardized acid tolerance test
can help other researchers to select strain selection with a rigorous acid tolerance without confusion misunderstanding.
Keywords: Acid tolerance test, lactic acid bacteria, response surface methodology
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time in acidic environments significantly affected the acid tolerance test model, and their interaction also had an
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ST-WiKim-4
Real-Time PCR Method for Identifying Five Closely Related
Enterococcus Species Using Specific Gene Markers Obtained by
Pangenome Analysis
Da-Som Kim and Hae-Yeong Kim*
Institute of Life Sciences and Resources and Department of Food Science and Biotechnology,
Kyung Hee University, Yongin 17104, Republic of Korea

The Enterococcus faecium group consists of seven closely species including E. faecium, E. durans, E. hirae, E.

lactis, and E. mundtii. These strains have very high resemblance between the 16S rRNA gene sequence, causing
problems that can be misidentified. In this study, we developed an accurate real-time PCR assay based on pangenome analysis for more suitable, rapid, and precise identification of E. faecium group species than analysis by
to be specific for 82,489,276 sequences by in silico analysis. The species-specific genes exhibited 100% specificity for
139 reference strains as evaluated by the real-time PCR assay. The sensitivity of the real-time PCR assay was
determined by using genomic DNA and spiked food samples ranging from 108 to 102 CFU/mL as a template. This
method was able to quantitatively detect the strains of E. faecium group in a variety of foods purchased from retail
markets. In addition, real-time PCR efficiency was validated using 140 isolates and demonstrated the same or
greater accuracy at the species level compared to 16S rRNA sequencing. The method developed in this study can be
exactly and rapidly quantified E. faecium group species in food samples.
Keywords: Enterococcus faecium group, pan-genome analysis, real-time PCR
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sequencing. Species-specific genes were mined by comparing the core and pangenomes and then were confirmed
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ST-WiKim-5
Characterization of Carbon Metabolic Features of Leuconostoc
mesenteroides Using Metabolite and Transcriptomic Analyses
Ju Hye Baek, Dong Min Han, Kyung Hyun Kim, and Che Ok Jeon*
Department of Life Science, Chung-Ang University, Seoul 06974, Republic of Korea

Leuconostoc mesenteroides (strain J18) are key kimchi lactic acid bacteria and their metabolic features were
investigated for diverse single carbon sources. Strain J18 grew well by using, fructose, xylose, and sucrose, moderately
by using glucose, lactose, maltose, and trehalose as a single carbon source, but galactose, mannose, arabinose,
ribose, and cellobiose were not used in strain J18. Fermentation products and transcriptomes of strain J18 fed with
seven sugars used for carbon sources were analyzed. Lactic acid, ethanol, acetic acid, and mannitol were majorly
produced, but their production profiles varied according to sugars. Total production ratios in the culture fed with
were lower than 50%. The expression of protein metabolism, and respiration were high in cultures fed with fructose,
and sucrose, suggesting the metabolism of two sugars may flow into cell growth and/or maintenance. The culture
fed with xylose highly expressed riboflavin and fatty acid metabolisms. Entire expression profiles clustered glucose,
lactose, maltose, and fructose, and strain J18 fed with sucrose and xylose existed separately in the hierarchical
clustering. Consequently, metabolic features of carbon including fermentation products and metabolism were
different by the composition of carbon.
Keywords: Fermentation, Leuconostoc mesenteroides, carbon metabolism
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glucose, lactose, maltose, and trehalose were shown from 67% to 92%, but those of fructose, xylose, and sucrose
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ST-WiKim-6
A Genomics-Based Semi-Rational Approach for Expanding the
Postbiotic Potential of Collagen Peptides Using Lactobacillaceae
Ji-Young Lee1, Hye Won Hwang2, Hyeon-Su Jin1, Jae-Eun Lee1, Yi-Jee Hong2, SeungMin Han1,
HyunRyul Bak1, Nam Joo Kang3, and Dong-Woo Lee1,2*
1

Department of Biotechnology, Yonsei University, Seoul 03722, Republic of Korea, 2Department of Bioindustrial Engineering,
Yonsei University, Seoul 03722, Korea, 3School of Food Science and Biotechnology, Kyungpook National University, Daegu
41566, Republic of Korea

Food-derived bioactive peptides (BPs) have received considerable attention as postbiotics for human gut health.
Here we used a genomics-based semi-rational approach to expand the postbiotic potential of collagen peptides
(CPs) produced from probiotic fermentation. In silico digestion revealed distinct BPs embedded in fish collagen in a
protease-dependent manner. Anaerobic digestion of collagen by representative Lactobacillaceae species revealed
analysis of CPs showed that each species exhibited different cleavage patterns and unique peptide profiles.
Remarkably, the 1–10 kDa CPs produced by Lacticaseibacillus paracasei showed agonistic activities towards GPR35.
These CPs could repair intestinal epithelium through the GPR35-mediated ERK1/2 signaling pathway, suggesting
that probiotic-aided collagen hydrolysates can serve as postbiotics for host-microbe interactions. Therefore, this
study provides an effective strategy for the rapid screening of CPs for gut health in the GI tract.
Keywords: Bioactive peptides, postbiotics, Lactobacillaceae
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differential substrate utilization and collagen degradation patterns. Nano-liquid chromatography-mass spectrometry
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ST1-1
Toward AI-Based High-Throughput Protein Engineering
Aporva Gupta1,2, Eugene Rha1, Wonjae Seong1, Seong-Kun Bak1,2, Dae-Hee Lee1,2,
Seung Goo Lee1,2, and Haseong Kim1,2*
1

Synthetic Biology and Bioengineering Research Center, Korea Research Institute of Bioscience and Biotechnology (KRIBB),
Daejeon 34141, Republic of Korea, 2Department of Biosystems and Bioengineering, KRIBB School of Biotechnology,
University of Science and Technology, Daejeon 34113, Republic of Korea

Engineering and characterizing a protein is challenging, as the protein has a large search space, 20n, where n is
the length of the protein sequence. Machine learning and Deep learning provide a way to infer hidden patterns
from sequences about various TF properties. However, the applicability of AI tools are limited as there is no available
large-scale labelled data representing the functional activity of target proteins. Here, we perform a highthroughput
phenotypic characterization of a TF mutant library using FACS, and 3rd generation sequencing to rapidly collect
and background noise. As a proof of concept, we engineered DmpR, a phenol dependent TF and investigated the
residues that affect DmpR activities. Further investigation along with DNA synthesis technique will provide a new
phenotypic variant which is not able to be obtained by conventional PCR based protein engineering technique.
Keywords: Transcription factor engineering, high-throughput, deep learning
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large amounts of data. This is then used to train a Deep Learning algorithm to predict TF activity that affects signal
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ST1-2
Characterization of a Phosphomannose isomerase from
Corynebacterium glutamicum and Improving Mannose 6-Phosphate
Production through Rational Design
Seung-Bae Lee, SangRae Kim, SeongEun Han, and Joo-Hyun Seo*
Department of Bio and Fermentation Convergence Technology, Kookmin University, Seoul 02707, Republic of Korea

Phosphomannose isomerase (EC 5.3.1.8) (PMI) is an enzyme involved in the biosynthesis of high value-added
compounds such as GDP-mannose and fucosyllactose. We studied the improvement of the activity of PMI to
synthesize mannose 6-phosphate. For this purpose, we applied rational design to construct a mutant enzyme. We
predicted binding pose of fructose 6-phosphate at the active site of PMI from Corynebacterium glutamicum. After
literature search, we discarded catalytic residues and key residues for substrate recognition. Finally, we selected four
the mutant enzymes, L84I mutant showed 31% increased activity. The reason for the increased activity was
elucidated by using protein-ligand docking.
Keywords: Phosphomannose isomerase, mannose 6-phosphate, fructose 6-phosphate
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active site residues to introduce mutations. We did saturation mutagenesis for these four active site residues. Among
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ST1-3
Metabolic Engineering Strategies for the Optimal Expression of
CO2 Fixation Pathway in Yeast
Sujeong Park, Deokyeol Jeong, Jongbeom Park, and Soo Rin Kim*
School of Food Science and Biotechnology, Kyungpook National University, Daegu 41566, Republic of Korea

As a climate change is getting worse by global warming, more than 110 countries and international organizations
have declared to reduce carbon dioxide (CO2) emission. Bioprocess is expected to decrease CO2 emission by
reducing use of fossil fuel. Recently, yeast is widely used in bioprocesses. However, CO2 emission is unavoidable
during yeast fermentation. Therefore strategies for reducing CO2 during yeast fermentation are necessary. The
purpose of this study is to develop a CO2 fixation Saccharomyces cerevisiae strain for carbon neutrality in bioprocess.
First, we constructed xylose utilizing pathway to produce precursor of fixation pathway in S. cerevisiae. Then,
CRISPR/Cas9 genome editing technology. To increase the efficiency of the CO2 fixation, RuBisCO and related
genes were overexpressed. The increase of RuBisCO copy number in the final strain SJ03 was confirmed by RTqPCR, and SJ03 showed the highest RuBisCO enzyme activity. Moreover, ethanol yield was improved by CO2
fixation during fermentation. These results can suggest that the overexpression of CO2 fixation pathway in S.

cerevisiae could be a strategy to reduce CO2 emission in bioprocess.
Keywords: CO2 recycling, xylose fermentation, delta-integration strategy
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Ribulose-1,5-bisphosphate carboxylase-oxygenase (RuBisCO) and fixation pathway related genes were introduced by
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ST1-4
Synthetic Biology of Pichia pastoris for Xylose Utilization
Jongbeom Park and Soo Rin Kim*
School of Food Science and Biotechnology, Kyungpook National Universtiy, Daegu 41566, Republic of Korea

Pichia pastoris is a strain useful for the production of various substances, including medical proteins. This strain
contains genes related to xylose metabolism, but is underutilized due to its low expression level. In order to increase
the utilization of xylose, an industrially inexpensive substrate, P. pastoris, which can metabolize xylose, was
constructed using synthetic biology technology. P. pastoris constitutive promoters with various intensities were
screened, and plasmids were constructed by random assembly with xyl1/xyl2/xyl3 derived from Pichia stipitis.
After transformation using the electroporation, xylose enrichment of 200 g/L was performed to select strains with
excellent xylose utilization. Single cell isolation was performed in the enriched flask, a vector with excellent xylose
utilization was selected. As a result of screening the plasmid, it was confirmed that the combination of randomly
metabolism ability was increased through optimization of expression of each gene using the constitutive promoter.
Keywords: Pichia pastoris, xylose utilization, synthetic biology
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assembled gene promoters was changed in a favorable way for xylose metabolism through enrichment, and xylose
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ST1-5
Optimization of Multiple Therapeutic Peptides Delivery through
Synthetic Secretion System of Bacteria
Juyeon Hong, Jongho Kim, and Miryoung Song*
Department of Bioscience and Biotechnology, Hankuk University of Foreign Studies, Yongin 17035, Republic of Korea

Bacteria cancer therapy can be a promising alternative approach to conventional treatment, where tumortargeting characteristic of bacteria overcomes limitations of poor bioavailability and non-specific targeting of drugs.
Attenuated Salmonella Typhimurium which serves as a drug delivery vehicle enables site-specific delivery of
anticancer proteins and immunomodulators to tumor microenvironment. In previous study, anticancer molecule
was delivered through the engineered secretion system named synthetic type 3 secretion system (synT3SS), which
was derived from S. Typhimurium designated for the secretion of certain set of effector proteins to survive within
efficacy on tumor cells. First, secretion of effectors through synT3SS were confirmed by western blot analysis from
culture supernatant of bacteria containing plasmids encoding synT3SS and each effector. Six effectors: SopB, SptP,
SopA, SipA, SopE2 and SopD were selected, since they are known to be secreted through native SPI1-encoded T3SS.
Based on secretion titer, signal sequences of SptP or SopB was chosen for the secretion of anticancer peptide, Noxa
or immunomodulator, Granulocyte-macrophage colony-stimulating factor (GM-CSF), respectively. Next, coding
sequences of Noxa or GM-CSF were placed downstream of signal sequences on the plasmid with constitutive
promoter control for the expression. The secretion of the recombinant peptides was verified from the culture
supernatant of bacteria containing synT3SS and the plasmid encoding the recombinant therapeutics upon the
induction of synT3SS. Finally, new plasmid will be constructed for the most efficient delivery of both recombinant
therapeutic peptides encoded on one plasmid and tested for in vitro and in vivo efficacy. Our work will aid the
delivery of multiple therapeutic proteins with different effects, thereby maximizing therapeutic effects on cancer.
Keywords: Secretion tag, synthetic secretion system, multiple protein delivery

346

Symposium

host. Here, we mined secretion tags for the secretion of multiple peptides through synT3SS to improve therapeutic
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ST1-6
Adaptive Laboratory Evolution Guided Engineering of
An Embden-Meyerhof-Parnas Pathway Disrupted Escherichia coli
and Its Application to Produce 3-Hydroxypropionic Acid and
Lycopene
Kyung Hyun Cho, Ye Eun Kim, Ina Bang, Chang Hee Kim, Young Shin Ryu, Yu Chan Kim,
Eun Mi Choi, Linh Khanh Nong, Donghyuk Kim*, and Sung Kuk Lee*
School of Energy and Chemical Engineering, Ulsan National Institute of Science and Technology (UNIST), Ulsan 44919,
Republic of Korea

The different characteristics of microorganisms are often attributed to distinct inherent glycolytic processes that
provide sources of precursors, redox factors, and energy for anabolism. Considering that high level of production

Escherichia coli strain may be disadvantageous in production since glucose is primarily catabolized through
Embden-Meyerhof-Parnas pathway causing unfavorable redox potential. Accordingly, a redirection of glycolytic
flux can provide precursors and reducing power for growth and production of 3-HP and lycopene. Unexpectedly,
loss of pfkAB genes to disrupt EMPP in MG1655 strain showed a significant decrease in specific growth rate on
glucose as a sole carbon source. For the purpose of growth recovery of pfkAB-deleted strain, we applied adaptive
laboratory evolution (ALE) strategies and we isolated an evolved strain (denoted as ALE-1) showing 6-fold increase
in specific growth rate. Resequencing identified six mutations, mostly in transcriptional regulators for glycolytic
process (crp, galR, and gntR) and in glycolytic pathway-related enzymes (gnd, ptsG, and talB). Additionally, we
conducted genotypic, transcriptomic and phenotypic analysis of mutations to deeply understand beneficial effect in
growth recovery. On the basis of these scientific understanding, ALE-1 strain was further engineered to produce 2.7
g/L of 3-HP and 45 mg/L of lycopene.
Keywords: Adaptive laboratory evolution, glycolytic pathway, 3-hydroxypropionic acid
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for 3-hydroxypropionic acid (3-HP) and lycopene requires high NADPH regeneration capacity, the wild-type
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ST1-7
CRISPR-Mediated Accurate Microbial Genome Editing
by Modified Guide RNAs
Ho Joung Lee, Hyun Ju Kim, and Sang Jun Lee*
Department of Systems Biotechnology, and Institute of Microbiomics, Chung-Ang University,
Anseong 17546, Republic of Korea

Microbial genomes have been manipulated using genetic cassettes harboring selectable markers and homologous
DNA elements. It requires several stages including homologous recombination and excision of inessential DNA
regions such as selectable markers from the edited region of genome. In most cases, scars and traces remained due
to the genomic manipulation, which could interfere with further iterative genome engineering. A decade ago, from
the bacterial adaptive immune system, the CRISPR/Cas system revolutionized genome editing fields. Among the
various Cas nucleases derived from numerous bacteria and archaea, Cas9 and Cas12a (Cpf1) systems have become
of a single polypeptide nuclease with a target-recognizing RNA. However, there were still some limitations to
accurate and fine-tuned genome editing due to mismatch tolerance and PAM-dependent target recognition. To
enable the single-base level genome editing, we developed the target-mismatched guide RNA method. Furthermore,
we figured out that maximally-truncated guide RNAs can edit the genomic target accurately with very high editing
efficiency. Our study demonstrates how to modify guide RNAs to achieve single nucleotide-level genome editing.
Keywords: Single base editing, mismatch tolerance, guide RNA
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the major genome editing tools in most living organisms because of their simplicity, and modularization, consisting
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Development of CO Gas Conversion System Using High CO
Tolerance Biocatalyst
Sangrak Jin1,2, Seulgi Kang1,2, Jiyun Bae1,2, Hyeonsik Lee1,2, and Byung-Kwan Cho1,2*
1

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

Acetogenic bacteria (acetogens) are microorganisms with high potential as biocatalysts that can convert C1 gas,
such as carbon dioxide (CO2) or carbon monoxide (CO), into biomass or biochemicals; however, high CO
concentrations cause growth retardation in these microorganisms. In this study, we performed adaptive evolution
of Eubacterium limosum, an acetogen, for approximately 400 generations under high CO synthetic gas (syngas)
conditions to obtain E. limosum ECO2, which can rapidly proliferate even under high CO conditions. A mutation
was revealed in H636R in the Acetyl-CoA synthase (ACS) protein of the ECO2 strain through whole-genome reECO2 strain under high CO syngas conditions, the transcript levels of the methyl branch in the Wood–Ljungdahl
pathway and the energy conservation system increased at high CO concentration conditions. Finally, to convert CO
into value-added biochemicals, 2,3-BDO (2,3-butanediol) biosynthesis pathways were constructed and transformed
into the E. limosum ECO2 strain. This strain showed capability to produce 2.60 mg L-1 h-1 of 2,3-BDO through CO
66% syngas fed-batch fermentation. This was 4.5-fold higher than that of the wild type. We developed a
microorganism with high CO tolerance, and this strain showed high application potential as a biocatalyst that can
efficiently convert CO gas into value-added chemicals.
Keywords: Acetogenic bacteria, adaptive evolution, CODH/ACS
[This work was supported by the C1 Gas Refinery Program (2018M3D3A1A01055733 to B.-K.C.) through the
National Research Foundation of Korea funded by the Ministry of Science and ICT.]
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sequencing, and the mutation increased the CO gas conversion rate. By analyzing the transcript profiling of the
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Adaptive Laboratory Evolution of Escherichia coli W Enhances
Gamma-Aminobutyric Acid Production Using Glycerol as the
Carbon Source
Kang San Kim1, Minjeong Kang1, Eojin Yoo1, Ui-Gi Kim1, Changyoung Joung1,
and Byung-Kwan Cho1,2*
1

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

The microbial conversion of glycerol into value-added commodity products has emerged as an attractive means
to meet the demands of biosustainability. However, glycerol is a non-preferential carbon source for productive
fermentation because of its low energy density. We employed evolutionary and metabolic engineering in tandem to
Adaptive evolution of Escherichia coli W under glycerol-limited conditions for 1,300 generations harnessed an
adapted strain with a metabolic system optimized for glycerol utilization. Mutation profiling, enzyme kinetic assays,
and transcriptome analysis of the adapted strain allowed us to decipher the basis of glycerol adaptation at the
molecular level. Importantly, increased substrate influx mediated by the mutant glpK and modulation of intracellular
cAMP levels were the key drivers of improved fitness in the glycerol-limited condition. Leveraging the enhanced
capability of glycerol utilization in the strain, we constructed a GABA-producing E. coli W-derivative with superior
GABA production compared to the wild-type. Furthermore, rationally designed inactivation of the non-essential
metabolic genes, including ackA, mgsA, and gabT, in the glycerol-adapted strain, improved the final GABA titer
and specific productivity by 3.9- and 4.3-fold, respectively, compared with the wild-type.
Keywords: Adaptive laboratory evolution, bioconversion, glycerol
[This work was supported by the Korea Bio Grand Challenge (2018M3A9H3024759 to B.-K.C.) 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.]
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construct an Escherichia coli strain with improved GABA production using glycerol as the feedstock carbon.
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ST2-1
Promising Properties of Reconstituted Cytochrome P450
BM3 from Separate Domain by Spilt Intein
Su-Kyoung Yoo and Geun-Joong Kim*
Department of Biological Sciences, Chonnam National University, Gwangju 61186, Republic of Korea

Cytochromes P450 (CYP) monooxygenases has gained a lot of interest for their uses in pharmaceuticals and
biotechnology industries due to their broad substrate spectrum. Among them, the bacterial P540 BM3 is one of
relatively easy-to-use CYP isoforms and composed of heme and reductase domain unlike other CYPs. However,
there still remains a major hurdle that BM3 is generally expressed as heterogeneous forms consisting of a major
heme-free apoprotein (more than 70%) and minor holoprotein with prosthetic heme in surrogate hosts, leading to
low specific activity. To alleviate this hurdle, we designed that the heme and reductase domains of BM3 were
constructs were found to be successfully expressed and reconstituted in-vitro and in-vivo by SDS-PAGE and western
blot analyses. The resulting split intein-mediated reconstituted BM3 (IMR) was further compared with the wild
type BM3 (WT, expressed as a single polypeptide) in terms of activity, stability, heme content, and affinity for its
substrate. Especially, when compared to the heme content of WT by CO difference spectra, over 50% increase in
IMR was reproducibly detected at the same concentration of the purified enzymes. The dramatic increase in the
specific activity of IMR was also observed. Additionally, storage stability and affinity of IMR against cognate
substrates were confirmed to be improved. Taken together, reconstituted enzymes by split intein could be an
alternative to the prepared enzyme conventionally as a single polypeptide.
Keywords: Cytochrome P450 BM3, split intein, reconstitution
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separately expressed by introducing a split intein and post-translationally ligated by protein splicing. These
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ST2-2
Evolution of Metagenome-Originated Lipase and Elucidation of
Enhanced Activity of Mutant Using Molecular Dynamics and Binding
Free Energy Calculation
Jun Young Shin, Joo-Hyun Seo*, Young-Jun Cho, Eun-Ji Park, and Bo-Kyung Jung
Department of Bio and Fermentation Convergence Technology, Kookmin University, Seoul 02707, Republic of Korea

Lipase (E.C.3.1.1.3) is used as an important enzyme in various industries such as medicine, pesticide, detergent,
and waste treatment in the production of esters in fatty acids. As application field is expanded, enzymes utilizing
various fatty acids were also needed. This study aims to find mutant enzymes with increased activity and thermal
stability by screening beneficial mutant from random mutation library for LipC12 (PDB ID: 6CL4) obtained from
metagenomes. Molecular modeling was performed to explain the improved activity and thermal stability of enzymes.
simulaiton.
Keywords: LipC12, MD simulation, binding free energy
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We further provides an explanation of the characteristics of enzymes through molecular modeling and MD
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ST2-3
Metabolic Engineering for the Utilization of Pectin-Rich Biomass
by Saccharomyces cerevisiae
Deokyeol Jeong, Heeyoung Park, Sujeong Park, Suhyeung Kim, and Soo Rin Kim*
School of Food Science and Biotechnology, Kyungpook National University, Daegu 41566, Republic of Korea

Pectin-rich biomass is expected to be an alternative biomass for the production of biofuels because it contains less
lignin than lignocellulosic biomass. However, monomers derived from pectin-rich biomass, namely xylose,
L-arabinose, L-rhamnose, and galacturonic acid are not fermented by native Saccharomyces cerevisiae, which is an
industrial host for biofuel production. In this presentation, we will introduce a strategy for metabolic engineering
of yeast S. cerevisiae that can utilize monomers derived from pectin-rich biomass. Moreover, we will discuss
industrial application plans such as production of the bioplastic monomers and biofuels from citrus peel waste by

Keywords: Citrus peel waste, non-conventional carbon source, Cas9-based genome editing
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the developed strains.
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ST2-4
Development of Antimicrobial Peptide CecropinA Fused
Endolysin ST01 (CecA::ST01) for the Treatment of Multi-Drug
Resistant Gram-Negative Pathogens
Jeonghyun Lim, Heejoon Myung, and Miryoung Song*
Department of Bioscience and Biotechnology, Hankuk University of Foreign Studies, Republic of Korea

Emergence of multi-drug resistant pathogenic bacteria is growing threat to public health. Endolysins derived
from bacteriophages are regarded as promising alternative antibiotics against multi-drug resistant bacteria. In this
study, we isolated and characterized novel Salmonella typhimurium phage PBST08. Bioinformatic analysis of
PBST08 genome revealed putative endolysin, ST01, which is predicted as a lysozyme like enzyme. Peptidoglycan
degrading activity of ST01 was tested using plate lysis assay with Salmonella. The antibacterial activity of ST01 was
enzymatical efficacy of ST01 was marginal, probably due to outer membrane of gram-negative bacteria. To overcome
the barrier, we constructed the engineered ST01, which was fused to antimicrobial peptide cecropinA (CecA) at the
N-terminus of ST01, where the accessibility of endolysin to peptidoglycan was aided by CecA with the ability to
disrupt outer membrane. Indeed, bactericidal activity of CecA::ST01 was increased when it was applied to gramnegative pathogens and most dramatic killing was observed from A. baumannii ATCC 17978 treated with 0.25 μM
CecA::ST01. Moverover, multi-drug resistant clinical isolate CCARM 12026 were completely killed with treatment
of 0.5 μM of CecA::ST01. Further, the treatment with CecA::ST01 could rescue up to 60% of the infected larvae of

Galleria mellonella with A. baumannii regardless of antibiotics resistance. Finally, antibacterial spectrum of
CecA::ST01 was determined by the measurement of minimal inhibitory concentrations (MICs) using 31 gramnegative pathogen including MDR strains, which was ranging from 4 to 64 ug/ml. All together, we developed the
engineered endolysin ST01 with AMP as an alternative antibiotics, which can be used for the treatment of various
infectious diseases by gram-negative pathogens even with multi-drug resistance.
Keywords: Endolysin, antimicrobial peptide, multiple drug-resistant bacteria
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determined by CFU reduction assay using various gram-negative pathogen including A. baumannii. However,
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ST2-5
Adaptive Laboratory Evolution to Overcome Growth Limit of
Eubacterium limosum under the Autotrophic Conditions
Seulgi Kang1, Sangrak Jin1, Jiyun Bae1, Hyeonsik Lee1, and Byung-Kwan Cho1,2*
1

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

Eubacterium limosum is one of the acetogens that utilize syngas consisting of CO, CO2, and H2 to produce
central metabolic intermediate such as acetyl-CoA through the Wood-Ljungdahl pathway. For most acetogens,
complex media are used to produce biomass and chemical products under autotrophic growth conditions. However,
due to the effect of the undefined components such as yeast extract, understanding the certain autotrophic
metabolism of acetogens has been limited. In this study, we performed adaptive laboratory evolution (ALE) of E.

limosum by serially decreasing the concentration of yeast extract under syngas condition. The evolved strain is able
understand the phenotype of the evolved strain, we implemented whole-genome resequencing and transcriptome
analysis. As a result, causal mutations were found in genes encoding acetyl-CoA synthase and ABC transport
system permease protein. Furthermore, transcriptional change in response to the absence of yeast extract showed
significant upregulation of the tryptophan, methionine, and histidine biosynthesis pathways, revealing that those
amino acids are required for autotrophic growth of E. limosum. This study provides a foundation for understanding
the autotrophic metabolism of acetogens.
Keywords: Acetogenic bacteria, yeast extract, carbon monoxide
[This work was supported by the C1 Gas Refinery Program (2018M3D3A1A01055733 to B.-K.C.) through the
National Research Foundation of Korea funded by the Ministry of Science and ICT.]
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to grow in the medium without yeast extract while completely consuming CO (growth rate 0.101±0.001 h-1). To
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ST2-6
Development of Highly Characterized Genetic Bioparts for Efficient
Gene Expression in CO2-Fixing Eubacterium limosum
Jiyun Bae1, Yoseb Song1, Sangrak Jin1, Hyeonsik Lee1, Seulgi Kang1, Jinsoo Lee1, Jongoh Shin1,
Suhyung Cho1,2, and Byung-Kwan Cho1,2*
1

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

Acetogenic bacteria demonstrate industrial potential for utilizing carbon dioxide (CO2) for biochemical
production using the Wood-Ljungdahl pathway. However, the metabolic engineering of acetogens has been
hampered by the limited availability of genetic bioparts for gene expression. Here, we integrated RNA sequencing,
ribosome profiling, differential RNA sequencing, and RNA 3’-end sequencing results of Eubacterium limosum to
establish genetic bioparts, such as promoters, 5’ untranslated regions, and transcript terminators, to regulate
transformation method was developed to efficiently deliver the obtained genetic bioparts into cells, resulting in a
transformation efficiency of 2.5×105 CFU/µg DNA. Using this method, the genetic bioparts were efficiently
introduced, and the measured strengths were applied to optimize the heterologous expression of acetolactate
synthase and acetolactate decarboxylase for non-native biochemical acetoin production. To our knowledge, this is
the first report on integrating multi-omics data for biopart development in acetogens, which lays a foundation for
the efficient production of biochemicals from CO2 or syngas under autotrophic growth conditions.
Keywords: Acetogenic bacteria, standardized genetic bioparts, omics
[This work was supported by the C1 Gas Refinery Program (2018M3D3A1A01055733 to B.-K.C.) through the
National Research Foundation of Korea funded by the Ministry of Science and ICT.]
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transcriptional and translational expression of genes composing of biosynthetic pathways. In addition, a
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ST2-7
Escherichia coli Minicells with Targeted Enzymes as Bioreactors for
Producing Toxic Compounds
Seung-Jin Kim and Min-Kyu Oh*
Department of Chemical and Biological Engineering, Korea University, Seoul 02841, Republic of Korea

Formed by aberrant cell division, minicells possess functional metabolism despite their inability to grow and
divide. Minicells exhibit not only superior stability when compared with bacterial cells but also exceptional
tolerance—characteristics that are essential for a de novo bioreactor platform. Accordingly, we engineered minicells
to accumulate protein, ensuring sufficient production capability. When tested with chemicals regarded as toxic
against cells, the engineered minicells produced titers of C6-C10 alcohols and esters, far surpassing the corresponding
production from bacterial cells. Additionally, microbial autoinducer production that is limited in expanding
minicells produced autoinducers in constant amounts, which allowed precise control of the bacterial population
having autoinducer-responsive gene circuits. When bacterial population growth was nonexistent, the minicells
produced autoinducers in constant amounts, which allowed precise control of the bacterial population having
autoinducer-based gene circuits with the minicells. This study demonstrates the potential of minicells as bioreactors
suitable for products with known limitations in microbial production, thus providing new possibilities for bioreactor
engineering.
Keywords: Minicells, bioreactor, toxic chemicals
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bacterial population was conducted in the minicells. Because bacterial population growth was nonexistent, the
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ST2-8
Functional Expression of the Recombinant Bovine Insulin for
Cultured Meat in Saccharomyces cerevisiae
Se-Lin Park1,2, Jung-Hoon Bae1, Mi-Jin Kim1, Bong Hyun Sung1, Jong-Tae Park2,
and Jung-Hoon Sohn1,3
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 Food Science and Technology, Chungnam
National University, 35 Daehak-ro, Yuseong-gu, Daejeon 34134, Republic of Korea, 3Cellapy Bio Inc. Bio-Venture Center #211,
125 Gwahak-ro, Yuseong-gu, Daejeon 34141, Republic of Korea

Cultured meat, produced by in vitro animal cell culture, is a promising alternative for livestock to meet the
increasing food demand. It also helps to solve global problems such as climate change and animal welfare issues. For
the proper differentiation and proliferation of animal cells, the culture media should be composed of various
of cultured meet using serum-free media. Insulin is a key component of serum-free media. To develop a costeffective media for lab-grown beef, we explored the secretory production of bovine insulin (bINS) in GRAS yeast
Saccharomyces cerevisiae. C-domain of bINS was replaced with the hydrophilic fusion partner (HL18) containing
an affinity tag for hyper-secretion and easy purification of an authentic bINS. Molecular chaperones of the host
strain were reinforced by a constitutive expression of cHAC1 to improve the correct folding of bINS. Recombinant
bINS was produced over 300 mg/L during a fed-batch fermentation and directly purified by immobilized metal
affinity chromatography. Disulfide bond map and biological activity of the recombinant bINS were determined by
LC-MS/MS and a growth stimulation of NIH/3T3 and HaCaT cell line, respectively.
Keywords: Bovine insulin, cultured meat, Saccharomyces cerevisiae
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nutrients and growth factors. Sourcing growth factors is one of the most challenging tasks for economical production
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ST2-9
Monotonous Sugar Availability Triggers the Evolution of Highly
Conserved Sugar Metabolism
Yunhye Joo, Jae-Yoon Sunga, Kyoung Su Kim, Jung Mo Lee, and Dong-Woo Lee*
Department of Biotechnology, Yonsei University, Seoul 03722, Republic of Korea

Peripheral sugar catabolic pathways linked to highly conserved glycolysis have evolved by the availability of
sugars present in nature. However, the acquisition mechanism of diverse sugar preferences remains elusive. Here,
we implemented a de novo retro-aldol reaction as an evolutionary driving force, leading to the occurrence of

Escherichia coli that can utilize rare sugar D-tagatose. We obtained numerous adaptive variants from several rounds
of iterative culture transfers under tagatose auxotrophic conditions. The comprehensive genome-wide analysis
allowed us to monitor the evolutionary trajectory of how bacterial cells can utilize rare sugars. D-Tagatose utilizable
pathways underwent a fine-tuned adaptation via additional mutations for readjusting metabolic sugar fluxes. These
results unveiled how microorganisms have evolved to gain preferences toward unusual sugars. Moreover, the
adaptive laboratory evolution-induced strain could serve as a high-throughput screening platform for engineering
tailor-made non-phosphosugar isomerase to produce rare sugars.
Keywords: Adaptive laboratory evolution, rare sugar, the phosphotransferase system
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E. coli variants lost tightly regulated sugar-specific phosphotransferase systems. In turn, acquired sugar catabolic
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ST3-1
Inverse Relationship between the Degree of IscR Expression and the
Cellular Levels of Ferrous Ions: Implication in the Pathogenic
Interactions within Host Environments
Young Jin Song and Kyu-Ho Lee*
Molecular Microbiology and Biofilm Lab., Department of Life Science, Sogang University, Republic of Korea

IscR, a well-known transcription factor controlling the expression of the systems mediating the synthesis of ironsulfur clusters, is also involved in transcriptional activation of various virulence factors in Vibrio vulnificus. Thus,
the successful infection by this pathogen requires the appropriate levels of IscR upon entering the hosts, where the
available iron ions are critically limited. In a model pathogen, V. vulnificus, its cellular IscR level was maximal at the
mid-exponential phase and then drastically decreased to undetectable level after this phase. This stationary-phase

iscR promoter region. During the stationary phase, the holo-Fur proportion was increased as the cellular levels of
ferrous ions significantly increased, which appeared to be mediated by the induced activities of both the specific
uptake of ferrous ions and the reduction of ferric to ferrous ions. Therefore, this study proposes that the degree of

iscR expression is tightly controlled through the ferrous ion concentration-dependent transition of the states of Fur
protein between apo- and holo-forms.
Keywords: IscR, fur, ferrous ion
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repression of the iscR expression was mainly achieved at the transcriptional level via binding of the holo-Fur to the
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ST3-2
Transcriptom-Based Functional Analysis of Spore-Specific
Transcription Factors in Aspergillus species
Ye Eun Son1 and Hee-Soo Park1,2*
1

School of Food Science and Biotechnology, Kyungpook National University, Daegu, Korea,
Department of Integrative Biology, Kyungpook National University, Daegu, Republic of Korea

2

Aspergillus, a filamentous fungus that makes up the majority of airborne fungi, reproduces primarily by forming
asexual spores called conidia. The process of making conidia is regulated by various transcription factors (TFs).
Although previous studies have shown that some TFs, such as VosA, VelB, and WetA, mediate conidia formation
and maturation, there are still unexplored TFs for conidiogenesis. Therefore, we performed transcriptome analysis
of conidia and hyphae in three Aspergillus spps and subsequently analyzed the function of putative spore-specific
TFs in Aspergillus nidulans. Afterwards, we identified twenty-two spore-specific TFs and each deletion mutant was
A SscA in A. nidulans. The ΔsscA mutant showed defective conidiation, sexual development, and reduced conidia
viability in A. nidulans. The ΔsscA mutant conidia were more sensitive to various stresses than wild-type conidia.
And the amount of trehalose in the ΔsscA mutant was decreased compared to that of the WT. On the other hand,
deletion of sscA caused induced germ tube formation with or without glucose and increased the amount of β-glucan
in ΔsscA mutant conidia compared to wild-type conidia. Absence of sscA led to increase the amount of
sterigmatocystin in conidia. Furthermore, transcriptome data suggested that SscA affected the mRNA expression of
various genes in A. nidulans conidia. Interestingly, deletion of sscA resulted in alterations of gene expression
involved in the response of conidia to stimuli and stress. The mRNA levels of β-glucan biosynthesis gene and
sterigmatocystin gene cluster were upregulated in sscA mutant conidia. In addition, we confirmed that the roles of
SscA in conidia were conserved in A. flavus and A. fumgiatus. Overall, these results suggest that SscA is a sporespecific transcription factor, essential for proper asexual and sexual development, conidia maturation, conidia stress
tolerance and secondary metabolites in A. nidulans. And the functions of SscA in conidia are conserved in three
representative Aspergillus spp.
Keywords: Aspergillus, asexul spore, transcription factor
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phenotypically analyzed in A. nidulans. Among them, we characterized one of the spore-specific-C2H2 zinc finger
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ST3-3
Characterization of a Fecal Isolate of Lactobacillus plantarum
Resistant under Nitrite Stress
Chae Young Kwon1,2,4, Ji-Eun Kim1,3,4, and Sang Sun Yoon1,2,3,4*
1

Department of Microbiology and Immunology, Yonsei University Colledge of Medicine, Seoul, Republic of Korea,
Brain Korea 21 Progect for Medical Sciences, Seoul, Republic of Korea, 3Institute for Immunology and Immunological
Diseases, Seoul, Republic of Korea, 4Severance Biomedical Science Institute, Yonsei University Colledge of Medicine,
Seoul, Republic of Korea

2

Probiotics play beneficial roles in sustaining gastrointestinal health. Lactobacillus plantarum, one of the most
widely used lactic acid bacteria, is a well-studied probiotic. One of the significant roles of L. plantarum is that it can
mitigate stress from nitrite anion (NO2–) and nitric oxide (NO), which have been controversial for their toxicity. In
this study, we tested the survival of human fecal isolates, Lactobacillus plantarum LP7 (LP7), under sodium nitrite
stress. And residual nitrite concentration was much lower in the supernatant of the growth medium treated with
LP7. When treated with sodium nitrite, the cell length of both LP7 and ATCC14917 are elongated, but LP7 showed
uniform shapes, unlike ATCC14917 which came in various cell lengths. To find genes governing the nitrite stress in
LP7, we conducted Whole-genome sequencing and comparative genome analysis using sixteen genomes of L.

plantarum strains. LP7 has 101 unique genes distinctive from the other L. plantarum strains, but these individual
genes were not related to NaNO2 stress. We analyzed transcriptome profiles of LP7 treated with nitrite. To understand
the resistance of LP7 under nitrite stress, we performed transcriptome analysis, which showed that differentially
expressed genes make distinct reduction mechanisms and responses of LP7 and ATCC14917 under NaNO2 stress.
The most expressed group of genes in LP7 was ‘Cell cycle control, cell division, chromosome partitioning’. Especially,
at LP7, ftsZ gene which is involved in cell division process shows doubled expression levels in test samples compared
to the control samples while there is no difference in ATCC14917. Based on these results, we found out that the
expression of these distinctive genes is responsible for the significant resilience of LP7 under sodium nitrite stress.
Keywords: Lactobacillus plantarum, nitrite stress, RNA seqencing
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stress. LP7 showed a higher survival rate than the reference strain (L. plantarum ATCC14917) under sodium nitrite
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ST3-4
Investigation of Methanol-Dependent Butyrate Production, a
Strategy for Obtaining Reducing Powers, in Methylotrophic
Acetogen, Eubacterium limosum KIST612
Ji-Yeon Kim, Soyoung Oh, Byeongchan Kang, Hyunsoo Kang, Yeji Gil, and In Seop Chang1*
School of Earth Sciences and Environmental Engineering, Gwangju Institute of Science and Technology,
Gwangju 61005, Republic of Korea

It has been reported that methylotrophic acetogens can produce butyrate under methanol conditions (even
under low energy conditions such as the H2/CO2 condition). To understand the methanol-dependent butyrate
production, we traced 12C- and 13C- products of Eubacterium limosum KIST612 (acetate and butyrate) under the
13C-methanol (2.0 mmol)/12C-CO2 (0.5 mmol in headspace) condition. At the condition, 12C-acetate was not
required for 1 CO2 utilization. Additionally, we can calculate intermediates of the Wood-Ljungdahl pathway, short
chain fatty acids production pathway, and ATP production pathway, by considering the amounts of 13C1-, 13C2-,
13C3-, and 13C4-butyrate. It enabled to predict the flow of reducing powers (NADH and Fd2–) under the
experimental condition. As a result, we carefully concluded that the methanol-dependent butyrate production
would be a strategy for securing Fd2– without ATP loss caused by reverse reaction of Rnf complex.
Keywords: Eubacterium limosum KIST612, methylotrophic acetogen, butyrate production
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detected, showing that CO2 was not utilized alone. The ratio of 13C1- to 13C2-acetate indicated that 7 methanol was
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ST3-5
Characterization of a Non-Enzymatic Antioxidant System in Plant
Pathogenic Fungi
Jiyeun Park1, Jae Woo Han2, Soyoung Choi1, Jung-Eun Kim3, Yoonji Lee1, Yin-Won Lee1,
Gyung Ja Choi2, Hun Kim2, and Hokyoung Son1,3*
1

Department of Agricultural Biotechnology, Seoul National University, Seoul 08826, Republic of Korea,
Therapeutic and Biotechnology Division, Center for Eco-Friendly New Materials, Korea Research Institute of
Chemical Technology, Daejeon 34114, Republic of Korea, 3Research Institute of Agriculture and Life Sciences,
Seoul National University, Seoul 08826, Republic of Korea
2

Reactive oxygen species (ROS) such as hydrogen peroxide (H2O2) are produced by plant cells in response to
fungal infections. ROS act as signal molecules triggering plant immune responses and are able to directly kill or
slow the growth of pathogens. Meanwhile, fungal pathogens have evolved efficient ROS-detoxifying mechanisms to
for H2O2 detoxification by regulating at least two antioxidant systems, including the Fca7 peroxidase-dependent
oxidative stress response (OSR) mechanism in the plant pathogenic fungus Fusarium graminearum. In this study,
we aimed to unveil the additional regulatory role of Fgbzip007 in OSR. At first, we functionally characterized
Fgbzip007 and figured out a conserved role as a positive regulator in sulfur assimilation. Based on the role of
Fgbzip007 in sulfur metabolism, we hypothesized that the sensitivity of fgbzip007 mutants to oxidative stress might
be related to the S-containing antioxidant, glutathione. We found that fgbzip007 mutants could not synthesize the
glutathione, and a glutathione metabolism was revealed to be required for efficient OSR in this fungus. Overall, this
study provides an understanding of glutathione metabolism in plant pathogenic fungi and its relevance with sulfur
metabolism. Further study will focus on constructing the comprehensive OSR controlled by Fgbzip007, including
enzymatic and non-enzymatic antioxidants.
Keywords: Oxidative stress, sulfur assimilation, glutathione
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colonize host plants successfully. In a previous study, we revealed that a transcription factor Fgbzip007 is important
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ST3-6
Characterization of a Novel Tectivirus Phage PhiAB03 Recognizing
Capsular Polysaccharide of Acinetobacter baumannii as
Host Receptor
Jae Hyung Kim and Minsik Kim*
Department of Food and Nutrition, Brain Korea 21 FOUR, College of Human Ecology, Yonsei University,
Seoul 03722, Republic of Korea

Acinetobacter baumannii is one of the most notorious pathogens that urgently requires development of new
therapeutic approaches due to its broad spectrum of antibiotic resistance. Here, we analyzed basic characteristics of
novel A. baumannii-infecting bacteriophage PhiAB03 for the development of alternative antimicrobials.
Morphological and genomic analysis suggested that PhiAB03 was classified into the family Tectiviridae which
phylogenetic analysis demonstrated that the PhiAB03 could be suggested as a distinctive novel genus within the
family. Deletion of itrA (initiating glycosyltransferase) provided the A. baumannii a PhiAB03 resistance while
deletion of pglL (O-oligosaccharyltransferase) involved in the O-linked protein glycosylation didn’t. Recovery of
phage susceptibility by itrA complementation and the inhibition of phage adsorption by cell-free capsular
polysaccharide (CPS) supplementation indicated that the CPS serves as the receptor for PhiAB03. Further studies
on the molecular basis of the host-phage interaction and host lytic properties will determine the possibility of this
novel Tectivirus phage PhiAB03 as antimicrobial candidates to control A. baumannii.
Keywords: Acinetobacter baumannii, Tectivirus, capsular polysaccharide
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features with a inner proteinaceous lipid membrane and outer icosahedral capsid. Comparative genomic and
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ST3-7
Imaging of Microalgal Intracellular Metabolites Using Graphene
Oxide-Aptamer Sensing Platform
Jee Young Kim1, Jaewon Park1, Hyun Soo Kim2, Byeolnim Oh2, and Yoon-E Choi1*
1

Division of Environmental Science and Ecological Engineering, Korea University, Seoul, Republic of Korea,
2
Department of Electronic Engineering, Kwangwoon University, Seoul 01897, Republic of Korea

Detection of intracellular metabolites in live-microalgae is of great importance to study the metabolic activity of
the cells and also to screen the superior mutants. In this study, we conducted metabolite imaging in live-microalgae
using graphene oxide (GO)-aptamer sensing platform (GO-APT). The sensing platform successfully entered into

Euglena gracilis cells and bright fluorescence was observed as the aptamers were bound to the target metabolites.
The applicability of the sensing platform was tested with other microalgal species that have different characteristics.
GO-APT was applicable to only cell wall-deficient species (Ochromonas danica and mutant strains of Chlamydomonas
platform. The application of GO-APT had no effect on the growth of microalgae, suggesting that the GO-APT is
biocompatible. Given that diverse aptamer sequences had been screened, GO-APT will be able to apply in other
metabolite imaging by simply changing the aptamer sequences.
Keywords: Metabolite imaging, aptamer, microalgae
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reinhardtii), indicating that the presence of cell wall is the main barrier to the application of the GO-based sensing
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ST3-8
Relative Abundance and Correlation Analysis between Microbial
Communities during Fermentation of Traditional Fermented
Soybean Foods, Meju
Eunhye Jo1, Jugyeong Min1, Areum Lee1, Nahyun Park1, and Jaeho Cha2*
1

Department of Integrated Biological Science, Pusan National University, Busan 46241, Republic of Korea,
2
Department of Microbiology, Pusan National University, Busan 46241, Republic of Korea

With the development of the soy sauce (Jang) industry, the production of the improved meju is increasing to
allow consistent quality and taste by using starter strains. However, the preference for the diversity of traditional
Korean meju produced through natural fermentation meets consumers’ demands, and from this point of view,
scientific understanding of traditional meju production is still important. In this study, meju produced by natural
composition of bacteria and fungi communities was confirmed. Bacteria and fungal communities were analyzed
using amplicon-based metagenomics targeting 16S rRNA and ITS regions, respectively. The number of high-quality
reads were 252,666 and 1,326,231 for bacteria and fungi sequence reads. Weissella, Lactobacillus, Alicyclobacillus, and

Rhodococcus were dominant in the bacterial community, and Mucor and Cladosporium were present with high
abundance in the fungal community. Based on the correlation analysis with Spearman method, positive correlation
between Weissella and fungi was confirmed, and Bacillus showed negative correlation with fungus Fusarium. These
results are considered to be significant in providing basic information for research on the interplay between
microorganisms which is highly involved in the quality characteristics of naturally fermented meju.
Keywords: Meju, microbial community, correlation
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fermentation in the southern region of Korea was collected according to the fermentation period, and the
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ST3-9
Microbial Biofilm and Degradation of Plastics by Enterobacter spp.
LG3 Isolated from Gut of Tenebrio molitor
Mingeun Kang, Sangdon Ryu, An Na Kang, Daye Mun, Woongji Lee, Hye Jin Choi, Jeongkuk Park,
You Bin Choi, Daniel Lee, Junbeom Lee, and Younghoon Kim*
Department of Agricultural Biotechnology and Research Institute of Agriculture and Life Science,
Seoul National University, Seoul 08826, Republic of Korea

Polystyrene (known as StyrofoamTM) is a polymer of styrene and one of a major plastic that pollutes the aquatic
environments. Large quantities of polystyrene have been introduced into the environment, resulting in the hazardous
accumulation of the material in ecosystems. To solve this problem, it is utmost importance on how to effectively
treat the polystyrene wastes. In this study, 105 strains were isolated from the gut of mealworm (Tenebrio molitor)
larvae, which is known to digest polystyrene by gut commensal bacteria. After screening ten bacterial strains
amplicon sequencing results suggested that the isolated strains are closely related to Enterobacter spp. Especially,
the strain of Enterobacter spp. LG3 formed a clade that was distinct from other Enterobacter species, which is a
promising candidate novel anaerobic polystyrene-degrading bacterium. We incubated LG3 with PS films/beads to
verify anaerobic degradation. LG3 is not only forming a biofilm on PS film but also, change of PS beads structure
was confirmed. The formation of aromatic ester groups was observed using Vacuum Fourier transform infrared
(FTIR) imaging Microscope spectrometer. The results demonstrated some Enterobacter spp. are able to degrade PS
in anaerobic conditions.
Keywords: Tenebrio molitor, biodegradation, anaerobic plastic degradation
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successfully forming clear-zone on selective-media containing polystyrene meaning biodegradable activity. 16S
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ST4-1
Disordered Development of Gut Microbiome Interferes with the
Establishment of the Gut Ecosystem during Early Childhood with
Atopic Dermatitis
Min-Jung Lee1, Yoon Mee Park2, Byunghyun Kim3, In Hwan Tae3, Nam-Eun Kim4, Marina Pranata5,
Taewon Kim6, Sungho Won4, Nam Joo Kang6,7, Yun Kyung Lee5, Dong-Woo Lee8, Myung Hee Nam3,
Soo-Jong Hong9, and Bong-Soo Kim1,10*
1

Department of Life Science, Multidisciplinary Genome Institute, Hallym University, Chuncheon, Republic of Korea, 2Asan
Institute for Life Science, Asan Medical Center, Seoul, Republic of Korea, 3Seoul Center, Korea Basic Science Institute, Seoul,
Republic of Korea, 4Department of Public Health Sciences, Graduate School of Public Health, Seoul National University, Seoul,
Republic of Korea, 5Department of Integrated Biomedical Science, Soonchunhyang Institute of Medi-Bioscience,
Soonchunhyang University, Cheonan, Republic of Korea, 6School of Food Science and Biotechnology, Kyungpook National
University, Daegu, Republic of Korea, 7Department of Integrative Biology, Kyungpook National University, Daegu, Republic of
Korea, 8Department of Biotechnology, Yonsei University, Seoul, Republic of Korea, 9Department of Pediatrics, Childhood
Asthma Atopy Center, Humidifier Disinfectant Health Center, University of Ulsan College of Medicine, Seoul, Republic of
Korea, 10The Korean Institute of Nutrition, Hallym University, Chuncheon, Republic of Korea

Keywords: Gut microbiome, atopic dermatitis, host-microbe interaction
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Gut microbiome ecosystem develop through assembly, succession, and diversification during early life. This process
is dynamic and critical to establish healthy gut ecosystem. The establishment of the gut microbiome during infancy
affects to the immune system development and health status during our life. Perturbations of the gut microbiota
during this period can contribute to development of allergic diseases. Although the alteration of gut microbiome with
atopic dermatitis (AD) has been reported, the comprehensive understanding of microbiome-host crosstalk during
establishment of gut ecosystem in infants with AD still unclear. Here, we analyzed the alteration of gut microbiome
ecosystem in early childhood on atopic dermatitis (AD) and the potential interactions between host and microbiome
that control this homeostasis. We analyzed the gut microbiome in 346 fecal samples (6-36 months age; 112 non-AD,
110 mild AD, and 124 moderate to severe AD) by 16S rRNA gene sequencing and metagenomic sequencing from the
Longitudinal Cohort for Childhood Origin of Asthma and Allergic Disease birth cohort. In addition, the bacterial
amounts in fecal were quantified by real-time PCR. The microbiome-host interactions were analyzed in animal and in
vitro cell assays. We analyzed the development of the gut microbiome and alteration of functional genes at different age
according to AD severity. Although the gut microbiome maturated with age in both AD and non-AD groups,
dysregulated maturation of gut microbiota and functional gene was observed in infant with AD. Disordered colonization
of short-chain fatty acids (SCFA) producers along with age led to abnormal SCFA production and increased IgE levels.
A butyrate deficiency and downregulation of GPR109A and PPAR-γ genes were detected in AD-induced mice.
Insufficient butyrate decreases the oxygen consumption rate of host cells, which can release oxygen to the gut and
perturb the gut microbiome. The disordered gut microbiome development could aggravate balanced microbiomehost interactions, including immune responses during early childhood with AD. These result can help to understand
the symbiotic relationships is critical for preventive and therapeutic strategies to treat AD in early childhood.
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ST4-2
Neurodegenerative Effect of Bacillus spp. in Caenorhabditis elegans
and Intestinal Dysbiosis Mouse Model through Gut-Brain Networks
An Na Kang, Daye Mun, Woongji Lee, Hye Jin Choi, Mingeun Kang, Jeongkuk Park,
You Bin Choi, Daniel Lee, Junbeom Lee, Sangdon Ryu, and Younghoon Kim*
Department of Agricultural Biotechnology and Research Institute of Agriculture and Life Science, Seoul National University,
Seoul 08826, Republic of Korea

Since antiquity, fermentation has been considered as a method applied to efficiently preserve food. However, in
the modern society, fermentation has started to be regarded as more than a producing method, but a complex
process carrying out health benefits. During the fermentation, the fermenting bacteria, typically Bacillus, work to
produce favorable bacterial metabolites. Among them, especially nitric oxide, has been studied to provide an array
of health benefits preventing inflammatory, carcinogenic and allergenic conditions. In reference to the previous
gut-brain pathway using neurodegenerative Caenorhabditis elegans model. As Bacillus were supplemented, 4
strains of neurodegenerative C. elegans models, which are genetically induced of Aβ protein accumulation, exhibited
increased lifespan and prevented hypomotility and hyposmia, the typical aged-phenotype. Moreover, the foodsourced Bacillus fermented nitric oxide extract also enhanced the survival of C. elegans and neuroblastoma cell line.
In terms of vivo, Bacillus supplementation successfully colonized to the intestinal dysbiosis mouse model induced
by antibiotics-cocktail and diversified the microbiota and restored the body weight, colon length, and immune
homeostasis along with the bacterial by-products.
Keywords: Bacillus spp., gut-brain axis, nitric oxide
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studies, we investigated the advantages of multiple species of Bacillus and their nitric oxide extracts through the
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Effects of Rainfall in Shaping Microbial Community
during Microcystis Bloom in Nakdong River, Korea
Mingyeong Kang1,2, Ve Van Le1,2, So-Ra Ko1, and Chi-Yong Ahn1,2*
1

Cell Factory Research Center, Korea Research Institute of Bioscience and Biotechnology (KRIBB), Daejeon 34141,
Republic of Korea, 2Department of Environmental Biotechnology, KRIBB School of Biotechnology – Korea University of
Science and Technology (UST), Daejeon 34113, Republic of Korea

Various environmental factors play a role in the formation and collapse of Microcystis bloom. Among them,
rainfall has important influences not only on Microcystis but also on microbial community that interacts with
Microcystis. To elucidate the distinct changes in the diversity and the composition of the microbial community by
rainfall, we employed 16S rRNA high-throughput sequencing from June to October in 2019 and 2020 at three
sampling sites in the Nakdong River, Korea. Compared to 2019, there was unusually heavy rainfall in 2020, so the
and Post-Bloom in 2019. But it was more finely divided into Pre-Bloom, Bloom_1, Rainy Season, Bloom_2, and
Post-Bloom in 2020. Microcystis abundance as well as microbial communities were influenced by rainfall and
accompanied by phase-specific transitions. In 2019, alpha diversity indices and the relative abundance of
Gammaproteobacteria increased in the Post-Bloom period with the collapse of Microcystis bloom. However, such
a transition pattern appeared earlier with heavy rainfall during the Rainy Season in 2020. Network analysis revealed
that microbial module directly associated with rainfall was coincident both in 2019 and 2020. The presumptive
functions that increased in Post-Bloom, such as chemotaxis, metabolism of cofactors and vitamins, ketone bodies
synthesis, showed the same pattern in the Rainy Season. In conclusion, higher precipitation significantly influenced
the shaping of bacterial communities associated with the collapse of Microcystis blooms.
Keywords: Rainfall, microcystis bloom, nakdong river
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analysis was conducted by comparing 2019 and 2020. The investigation period was divided into Pre-Bloom, Bloom,
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Gut Microbiota Transition and Neuronal Nitric Oxide Synthase
(nNOS) Expression in Crowding Stress Mouse Model
Kyung Sun Eo1, Soyoung Yeo2*, Hyunjoon Park3*, and Chul Sung Huh1,3*
1

Graduate School of International Agricultural Technology, Seoul National University, Pyeongchang 25354,
Republic of Korea, 2Department of Agricultural Biotechnology, College of Agriculture and Life Sciences,
Seoul National University, Seoul 08826, Republic of Korea, 3Institute of Green-Bio Science and Technology,
Seoul National University, Pyeongchang 25354, Republic of Korea

Over the last decade, interest in the gut-brain axis was surging, and bidirectional communication between the
organs has been described from recent experimental approaches. The gut microbiota is regarded as one of the
critical regulators of the interaction with the immune system, the vagus nerve, and the enteric nervous system.
Neuronal nitric oxide synthase (nNOS) produces NO in neurons in the brain. The paraventricular nucleus (PVN)
region in terms of the nNOS expression. This study has investigated the correlation between the nNOS and the gut
microbiota using a stress-induced mouse in vivo model, a genetically modified mouse with HiBiT sequence knockin (KI) into the nNOS gene. As a result, prolonged crowding stress increased nNOS expression in the mouse
hypothalamus and serum corticosterone concentrations. Although gut microbiota and nNOS-related stress
response have not been clearly established, emerging evidence from this experimental model supports the
understanding that a significant role of gut microbiota in mental health issues.
Keywords: Gut-brain axis, chronic stress, nNOS
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is one of the major hypothalamic nuclei that regulates NO production during stress, and it is an important brain
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ST4-5
Efficacy of Lactobacillus against Carbapenem-Resistant Klebsiella
Infections In Vivo and Pilot Study by Optimizing Food Grade Medium
Hanieh Tajdozian1,2, Hoonhee Seo2, Sukyung Kim2, Md Abdur Rahim1,2, Saebim Lee2,
and Ho-Yeon Song1,2*
1

Department of Microbiology and Immunology, College of Medicine, Soonchunhyang University, Cheonan 31151,
Chungnam, Republic of Korea, 2Probiotics Microbiome Convergence Center, Asan 31538, Chungnam, Republic of Korea

The prevalence of Carbapenem-resistant Enterobacteriaceae (CRE) that produce Klebsiella pneumonia
carbapenemase (K. pneumonia carbapenemase) is dramatically reported worldwide and has become more and more
resistant to nearly all antibiotics during the past decade. The emergence of Klebsiella pneumonia (K. pneumonia)
strains with decreased susceptibility to most all last-resort treatment options including ß-lactam antibiotics such as
carbapenems, is a significant threat to hospitalized patients worldwide as Klebsiella pneumonia (K. pneumonia)
suggest that there is an urgent need for an antibiotic alternative to be a potential candidate for treating CRE and
multi-resistant pathogens in the future. In this study, we used Lactobacillus as a candidate probiotic for treating
CRE-related infections and investigated its effectiveness. We treated mice with Lactobacillus fermentum (L.

fermentum) originating from the vaginal fluid of a healthy Korean woman and evaluated the Lactobacilli ’s efficacy
in preventive, treatment, non-establishment, and colonization mouse model experiments. Compared to the control,
pre-treatment with L. fermentum significantly reduced body weight loss in the mouse models, and all mice survived
until the end of the study which showed that it affects Carbapenem resistant klebsiella (CRK) bacteria. Also, the
number of Klebsiella bacteria was decreased to below 5.5 log10 CFU/ml following oral administration of L.

fermentum in the colonization model. Then as the first step in developing the commercial probiotic product used
as a potential candidate to treat CRE infection in the future, we have developed a low-cost food-grade medium by
modifying the MRS medium composition and constructed the pilot plant model in a 200 L food-grade medium
using Lactobacillus sakei originates from kimchi as a new generation probiotic (NGP) and accomplishes L. sakei
powder producing through performing freeze-dry and packaging process. The oral administration of L. sakei in
long-term treatment decreased the mortality and illness severity in CRK-infected mice during 22 days of observation
as well as the pre-treatment with packed probiotic powder significantly reduced body weight loss and mortality in
the CRK infection mouse model. These findings demonstrate Lactobacillus antibacterial activity and its potential to
treat CRE infection in the future. Although, more extensive studies are needed in the future, such as toxicity tests
and clinical trials.
Keywords: Lactobacillus, carbapenem-resistant enterobacteriaceae, Klebsiella pneumoniae
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infection is responsible for a high mortality rate in the elderly, and immunodeficient individuals. These findings
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Development of Probiotic Strain Lacticaseibacillus rhamnosus
Isolated from Vaginal Microbiota
as an Anti-Tuberculosis Drug Candidate
Md Abdur Rahim1,2, Hoonhee Seo1, Sukyung kim1, Hanieh Tajdojian1,2, Indrajeet Barman1,2,
Youngkyoung Lee1,2, Saebim Lee1, and Ho-Yeon Song1,2*
1

Probiotics Microbiome Convergence Center, Soonchunhyang University, Asan 31538, Republic of Korea, 2Department of
Microbiology and Immunology, School of medicine, Soonchunhyang University, Cheonan 31151, Republic of Korea

Tuberculosis (TB), caused by the etiological agent of Mycobacterium tuberculosis that remains the world’s oldest
known deadly infectious disease in humans, considering as one of the top ten leading causes of death globally. There
are 10 million active cases of TB per year with 1.5 million deaths, and one-third of the world’s population is estimated
(XDR), and the recent totally drug-resistant (TDR) M. tb has become a global health concern. Therefore, it is
urgently needed to emphasize the development of new drugs with different mechanisms to combat this deadly
menace. In these circumstances, probiotics can be a potential choice, so we focused on developing them as an antituberculosis drug candidate. Here, we report the anti-tubercular activities of Lacticaseibacillus rhamnosus (L.

rhamnosus) isolated from the vaginal microbiota of healthy women. L. rhamnosus strain exhibited a promising
intracellular killing effect against both drug-sensitive and resistant M. tb infected murine macrophage cell line
RAW 264.7 without showing any cytotoxicity. Additionally, it also inhibited the growth of M. tb under broth culture
medium. L. rhamnosus strain did not show abnormal clinical symptoms or changes in body weight in a 2-week
repeated oral administration toxicity test in a guinea pig model. We also found that our candidate strain activates
autophagy by raising the signal of well-known autophagy gene markers in a dose-dependent manner, implying an
intracellular killing mechanism.
Keywords: Probiotics, tuberculosis, autophagy
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to harbor latent M. tb infection. Moreover, the emergence of multi-drug-resistant (MDR), extremely-drug-resistant
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Pantoea sp. Strain JBR-LB3-16 Assistance Arabidopsis thaliana
Alleviate Salt Stress
YUXIN PENG1,2 and Jiyoung Lee1*
1

Korean Collection for Type Cultures (KCTC), Biological Resource Center, Korea Research Institute of Bioscience and
Biotechnology, Jeongeup 56212, Republic of Korea, 2Department of Agriculture and Life Sciences, Chonnam National
University, Gwangju 61186, Republic of Korea

Salt stress is one of the major abiotic stresses, limiting plant growth, development, and productivity of crops.
However, some salt-tolerant plant growth-promoting bacteria (ST-PGPB) could confer abiotic stress tolerance to
plants. Here we isolated twenty-four salt-tolerant endophytic bacteria from the halophyte Carex pumila grown on
sandy beach soil. One of the isolates, JBR3-16 could survive on R2A broth supplemented with 10% NaCl, and it
shows a variety of plant growth-promoting properties under salt conditions. The JBR3-16 exhibited the highest
JBR3-16 produced the highest amount of indole-3-acetic acid (IAA), exopolysaccharides (EPS) and proline at 200
mM NaCl condition. Arabidopsis thaliana seedlings with strain JBR3-16 under salinity condition (150 mM NaCl)
were significantly increased in fresh weights and chlorophyll contents, and the expression of DR5:GUS in the root
tip. The Na+ ion uptake, ROS accumulation, and the expression of key abiotic stress-related genes were significantly
reduced by strain JBR3-16. Results demonstrate the crucial role of P. ananatis JBR3-16 in ameliorating the adverse
effects of high salinity in plants.
Keywords: Salt stress, plant growth-promoting bacteria, GUS stain
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levels of 16S rRNA gene sequence similarity to Pantoea ananatis based on the 16S rRNA gene sequence. Strain
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Study of Genus Flavobacterium sp., an Endophytic Bacteria Isolated
from Soybean (Glycine max L. cv. Gwangan)
Jiyoon Seo1,2 and Jiyoung Lee1*
1

Korean Collection for Type Cultures (KCTC), Biological Resource Center, Korea Research Institute of Bioscience and
Biotechnology, Jeongeup 56212, Republic of Korea, 2Department of Applied Biology, Chonnam National University,
Gwangju 61186, Republic of Korea

Endophytic bacteria are ubiquitous in most plant species influencing the host fitness by nutrient acquisition,
plant pathogen infection, heavy metals, and plant growth hormone. This endophytic bacteria community may be
affected by crop management such as the use of chemical compounds. The aim of this work was to study cultivable
endophytic bacterial isolation from soybean (Glycine max L. cv. Gwangan) plants, and its application in agriculture.
We isolated several microorganisms from the shoot and root of field-grown soybean plants, and analyzed their 16S
of the microbes residing within the soybean plant and plant grown soils. Three Flavobacterium sp. strain significantly
affected shoot and root mass, and chlorophyll contents of Arabidopsis thaliana and soybean plants. In addition, one
of isolates, strain BB8 is a novel species candidate from genus Flavobacterium. Phylogenetic analysis based on 16
rRNA gene sequences revealed that strain BB8 formed a lineage within the genus Flavobacterium and was most
closely related to Flavobacterium artemisiae SYP-B1015 (96.9%) and Flavobacterium ustbae T13 (96.8%). The
complete genome sequence of strain BB8 was 5513159 bp long with a G+C content of 34.1 mol%. The major fatty
acid of strain BB8 were iso-C15:0, summed feature 3 and iso-C16:03-OH. The predominant polar lipids were
phosphatidylethanolamine and unidentified aminolipids, and the major respiratory quinone was menaquinone-6.
Based on these phenotypic, genotypic and chemotaxomomic characteristics, strain BB8 is considered to represent a
novel species of the genus Flavobacteium, for which the name Flavobacterium endoglycinae sp. nov., is proposed.
Thus, this study highlights the biotechnological potential of genus Flavobacterium for soybean cultivation.
Keywords: Flavobacterium, soybean, endophytic bacteria
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rRNA gene sequences. The microorganisms belonging to the genus Flavobacterium made up one of major portion
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Characterization of Bacteriophage PCT27 and
Endolysin LysPCT Targeting Phytopathogen Pectobacterium
carotovorum subsp. carotovorum
Gio Kim and Minsik Kim*
Department of Food and Nutrition, Brain Korea 21 FOUR, College of Human Ecology, Yonsei University,
Seoul 03722, Republic of Korea

As antibiotic resistant bacteria rapidly spread and threaten global health, ‘One Health’ approach comprehending
that human health is inextricably linked to the health of animals and plants is now becoming more important to
combat this crisis. Minimizing indiscriminate antibiotics use is, thus, required in various fields including agriculture.
Here, we investigated the usability of bacteriophage PCT27 and its endolysin LysPCT as alternative antimicrobials
in various crops. PCT27 belonging to the family Autographiviridae efficiently inhibited the host Pcc growth within
1 h post-infection by recognizing Pcc colanic acid as a receptor. The quick adsorption of over 90% bindings within
3 minutes could support this efficient control. By adding PCT27, MIC of Streptomycin for Pcc control was lowered
by 50%, showing that PCT27 can effectively reduce the antibiotics uses. Endolysin LysPCT, a predicted single
globular amidase, exhibited a broader target spectrum than PCT27 but required an outer membrane permeabilizer
for the activity. These overall findings suggest the potential of PCT27 and LysPCT as developing candidates of
alternative biocontrol agents in Pcc control.
Keywords: Bacteriophage, endolysin, Pectobacterium carotovorum subsp. carotovorum
[This work was carried out with the support of “Cooperative Research Program for Agriculture Science and Technology
Development (Project No. PJ01574702)” Rural Development Administration, Republic of Korea.]
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in the control of Pectobacterium carotovorum subsp. carotovorum (Pcc), a phytopathogen causing soft rot disease
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ST5-1
Bacterioruberin as C50 Carotenoid from Halorubrum sp.: Response
Surface Methodological Optimization and Antioxidant Activity
Assessment
Chi Young Hwang1, Eui-Sang Cho1, and Myung-Ji Seo1,2,3*
1

Department of Bioengineering and Nano-Bioengineering, Incheon National University, Incheon 22012, Republic of Korea,
2
Division of Bioengineering, Incheon National University, Incheon 22012, Republic of Korea, 3Research Center for Bio
Materials and Process Development, Incheon National University, Incheon 22012, Republic of Korea

This study aims the optimization of culture conditions for the bacterioruberin production and the evaluation of
antioxidant properties produced by Halorubrum sp. MBLA0099. One-factor-at-a-time and a statistically-based
response surface methodological designs were applied to assess the influence of selected compositions for the
extract, 2.0 g L–1 of sucrose, 35 g L–1 of MgSO4·7H2O, 4.0 g L–1 of KCl, 0.5 g L–1 of NaBr, 0.2 g L–1 of NaHCO3, 1.0 g
L–1 of CaCl2·6H2O, and adjusted to initial pH 8.0. The bacterioruberin production level showed a 2.48-fold increase
compared to un-optimized conditions. In large-scale fermentation, the culture of optimal conditions achieved a
maximal bacterioruberin productivity of 6.05-times increased. The antioxidant property of bacterioruberin
produced by Halorubrum sp. MBLA0099 was evaluated by both of in vitro and in vivo assay. The extracted
bacterioruberin showed the highest antioxidant capacity compared to other C40 carotenoids. These results suggest
that the bacterioruberin from Halorubrum sp. MBLA0099 can be applied to be a useful antioxidant for diverse bioindustrial fields.
Keywords: Halorubrum sp., bacterioruberin, optimization
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optimized culture media. The optimized culture conditions finally contained 205 g L–1 of NaCl, 7.81 g L–1 of yeast
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ST5-2
Competitive Interactions between Zygomycetes and Aspergillus,
Dominant Fungi during Meju Fermentation
Sohyeon Kim and Inhyung Lee*
Department of Bio and Fermentation Convergence Technology, Kookmin University, Seoul 02707, Republic of Korea

Diverse filamentous fungi are observed in meju and its fungal flora change during the fermentation process. In
the early stage of fermentation, Zygomycetes are dominant although other fungi including Aspergillus spp. exist in
fermentation environment. Several intrinsic and extrinsic factors may affect fungal growth, however, interactions
among fungi may determine the dominance of certain fungi in the meju fermentation stage. We assumed that

Zygomycetes might affect the growth of Aspegillus spp. during meju fermentation. As expected, the growth of
Aspergillus was significantly reduced when co-cultured with Zygomycetes, suggesting competitive interactions
were a little affected. Therefore, the hyphal alteration, maybe hyphal damage led to decreased growth of Aspergillus
spp. When Zygomycetes and Aspergillus were co-cultured without direct contact using the transplant well system,
the effects on the growth were similar to co-culture with direct contact but to a less extent, suggesting that the
growth inhibition was not solely caused by direct physical contact. Further underline mechanisms for the growth
inhibition of Aspergillus spp. by Zygomycetes will be discussed.
Keywords: Fungal interactions, Zygomycetes, Aspergillus spp. meju
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between them. Interestingly, the hyphae of Aspergillus spp. were significantly altered, whereas those of Zygomycetes
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Dynamics and Correlation of Microbial Communities and Metabolic
Compounds in Doenjang-Meju, a Korean Traditional Soybean Brick
Dong Min Han, Hyung Min Kim, Ju Hye Baek, Byung Hee Chun, and Che Ok Jeon*
Department of Life Science, Chung-Ang University, Seoul 06974, Republic of Korea

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

384

Symposium

compounds. Principal component analysis revealed that doenjang-meju had two differentiated fermentation
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Co-Production of Bioethanol and Biomass-Incorporated
Chitosan Film Using Rice Husk
Hye Jee Kang, Yeon Ju Lee, and Young Hoon Jung*
School of Food Science and Biotechnology, Kyungpook National University, Daegu 41566, Republic of Korea

Rice husk is one of the most utilizable byproduct obtained from rice industry, and contains about 30.88%
cellulose, 16.35% hemicellulose, and 26.24% lignin. Previously, we reported the production of bioethanol from rice
husk through pretreatment, enzymatic saccharification, and fermentation. At optimized pretreatment conditions
such as 1% sulfuric acid at 190℃ for less than 60 min, rice husk with 10% solid loading gave about 6 g/L xylose
in liquid fraction and 32 g/L glucose in solid fraction after enzymatic hydrolysis using 20 FPU of CTec2/g substrate.
Then, about 5 g/L of ethanol was obtained through the fermentation process by Saccharomyces cerevisiae D5A.
residual solid fraction was further treated and the feasibility of using additives into biomaterial film was investigated.
After mechanical blending for 240 min, lignocellulosic nanofibers (LCNF) were extracted and the fibers were added
into chitosan film. The chitosan/LCNF composite showed improvement in the optical properties (about 20 foldincrease of opacity) and young’s modulus (about 3 fold-increase).
Keywords: Biomass, biorefinery, lignocellulose nanofiber
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However, there were still considerable amounts of residual solid fraction after fermentation. Thus, in this study, the
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A Negative Regulator of the VexAB-TolC Efflux System that Directs
Artemisinin Resistance in Vibrio cholerae
Yeon-Ji Yoo, In-Young Chung, Hyun-Jin Choi, Seok-Ho Kim, and You-Hee Cho*
Department of Pharmacy, College of Pharmacy and Institute of Pharmaceutical Sciences, CHA University,
Gyeonggi-do 13488, Republic of Korea

Artemisinin (ARS), a well-known antimalarial displayed bactericidal activity in the presence of cuprous ions,
which mediate catalytic decomposition of ARS to generate carbon-centered ARS radicals. This selective antibacterial
activity of ARS was attributed to the higher intracellular copper levels in Vibrio cholerae. In this study to assess the
mechanistic details of its antibacterial action, we have isolated three V. cholerae mutants with enhanced resistance
to ARS and identified a gene (VCA0767), whose loss-of-function resulted in the ARS resistance. This gene encodes
frame deletion mutant displayed the reduction in ARS-induced ROS formation and DNA damage. Transcriptomic
analysis revealed that the genes coding for a known RND efflux pump operon (vexRAB) and the outer membrane
component (tolC) were highly upregulated in the artR mutant, suggesting that AtrR might act as a negative regulator
of this operon and tolC. The deletion of either of the genes (vexR, vexB or tolC) abrogated the ARS resistance of the

atrR mutant and the ectopic expression of VexAB and TolC was sufficient for the ARS resistance, indicating that the
increased expression of the RND efflux system is necessary and sufficient for the ART resistance of the atrR mutant.
The cytoplasmic accumulation of ARS was significantly reduced in the atrR mutant and the VexAB-TolC
overproducer, suggesting that the VexAB-TolC might be the primary RND efflux system exporting ARS to reduce
its toxicity inside of the cells. We also found that the atrR mutant displayed resistance to erythromycin and clindamycin
as well, in a VexAB-dependent manner. This result suggests that AtrR may act as a global regulator responsible for
preventing intracellular accumulation of toxic molecules by enhancing the RND efflux system.
Keywords: Artemisinin, RND efflux, Vibrio cholerae
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a TetR family transcriptional regulator, and renamed as atrR for an artemisinin-resistance regulator. The atrR in-
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Antibacterial Activity of Extract from Chryseobacterium viscerum
HW314 against Multidrug Resistant Pathogens
Trinh NgocHoang and Jaisoo Kim*
Department of Life Science, College of Natural Sciences, Kyonggi University, Suwon 16227, Republic of Korea

The risk of multidrug-resistant (MDR) pathogens, especially from nosocomial pathogens in hospital, is one of
the most dangerous issue in clinical treatment. In traditional approach, drug for MDR from natural products is still
the best resource to search for new chemical scaffolds and compounds. In our project for pursuing antibioticproducing candidates, a soil bacteria Chryseobacterium viscerum HW314 was used in fermentation for the
production of antimicrobial compounds. The fermentation condition has been conducted at 30℃, 120rpm, 4 days
in tryptic soy broth medium. The extract compounds from HW314 strain show broad-spectrum activity (positive

aeruginosa KACC 10185 and NCCP16084, Enterobacter cloacea NCCP14704, Enterococcus faecalis CCARM 5168,
Staphylococcus aureus KEMB 7301, and Staphylococcus epidermidis CCARM 3A041. MIC values of purified
extract compound in Staphylococcus aureus KEMB 7301, E. coli KEMB 212-234 and P. aeruginosa KACC 10185
are 1.5 mg/mL, 1.5 mg/mL and 3.0 mg/mL respectively. In addition, the extracted compound did not show toxicity
to RAW 264.7 cell line.
Keywords: Antibacterial activity, Chryseobacterium, multidrug resistant pathogens
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and negative Gram) against MDR pathogens, such as Acinetobacter baumannii NCCP14654, Pseudomonas
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ST5-7
Discovery of Bioactive Secondary Metabolites Isolated from
Actinomycetes in Muan and Beolgyo mudflat
Jeongwon Seo1, Yern-Hyerk Shin2, Se Jin Jo1, Young Eun Du3, Soohyun Um4,
Young Ran Kim1, and Kyuho Moon1*
1

College of Pharmacy, Research Institute of Pharmaceutical Sciences, Chonnam National University, Gwangju 61186,
Republic of Korea, 2Department of Biological Chemistry and Molecular Pharmacology, Harvard Medical School and Blavatnik
Institute, Boston, MA 02115, USA, 3Natural Products Research Institute, College of Pharmacy, Seoul National University,
Seoul 08826, Republic of Korea, 4College of Pharmacy, Yonsei University, Incheon 21983, Republic of Korea

Microbial natural products are a repository of candidate substances for new drug development because of their
structural specificity and diversity. In particular, secondary metabolites of actinomycetes have been studied and
developed as pharmaceuticals with useful biological activities such as antibacterial, antifungal, antioxidant and
In these studies, actinomycetes were isolated from tidal mudflat and investigated to discover novel and bioactive
peptide natural products.
Boholamide A (1) was isolated from a marine actinomycetes strain collected at tidal mudflats in Muan, Republic
of Korea. Boholamide A (1), a cyclodepsipeptide with 3-hydroxy-4,6-dimethyl-2-methoxy-nonanoic acid (HDMN),
4-amido-2,4-pentadieneoate (APD), glycine, and valine, was structurally determined using 1D/2D NMR
spectroscopy, mass spectrometry, and UV spectroscopy. Boholamide A (1) showed inhibitory activity against

Bacillus subtilis, with IC50 value of 0.08 mM.
The second topic of this study is about the novel cystargamides C and D (3 and 4) isolated from the tidal mudflatderived actinomycetes strain collected in Beolgyo, Republic of Korea. The planar structures of the cystargamides
(2-4) were identified by the spectroscopic analyses by 1/2D NMR, UV, and MS. The absolute configurations of
cystargamides were assigned based on ROESY correlations, the advanced Marfey’s methods, and circular dichroism
(CD) spectroscopy. The structures of the compounds were determined as new lipopeptides bearing six amino acids
with an epoxy fatty acid side chain. The whole-genome sequence of the JMS132 strain has been analyzed and its
secondary metabolism was identified using the antiSMASH 6.0 version. Cystargamides displayed anti-oxidant
effect in DPPH and ABTS assays.
Keywords: Bacterial secondary metabolite, tidal mudflat, cystargamide
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anticancer activity found in nature.

49th Annual Meeting & International Symposium

2022 KMB Selected Five Leading Technologies in Microbiology and Biotechnology

The Korean society for
Microbiology and Biotechnology

ST5-8
Antioxidant, Algicidal, and Cell Proliferation Activity of Oligochitosan
Generated by Solution Plasma Process
Yubeen Ko1, Ji-Hae Park2, Davoodbasha MubarakAli3,4, Hoe-Kun Kim5, Sang-Yul Lee5,
and Jung-Wan Kim1,4*
1

Department of Bioengineering and NanoBio Engineering, Graduate School of Incheon National University, Incheon 22012,
Republic of Korea, 2Development and Planning Office, Ghent University Global Campus, Incheon 21985, Republic of Korea,
3
School of Life Sciences, B.S.Abdur Rahman Crescent Institute of Science and Technology, Chennai, 600048, India, 4Research
Center for Bio Material and Process Development, Incheon National University, Incheon 22012, Republic of Korea,
5
Department of Material Engineering, Korea Aerospace University, Goyang 10540, Republic of Korea

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

49th Annual Meeting & International Symposium

2022 KMB Selected Five Leading Technologies in Microbiology and Biotechnology

The Korean society for
Microbiology and Biotechnology

ST5-9
Synthesis and Characterization of Oligoalginate Nanoceria
Biocomposites Using Solution Plasma Process
Su-Jin Kang1, Davoodbasha MubarakAli2,3, Hoe-Kun Kim4, Sang-Yul Lee4, and Jung-Wan Kim1,3*
1

Department of Bioengineering and NanoBio Engineering, Graduate School of Incheon National University, Incheon 22012,
Republic of Korea, 2School of Life Sciences, B.S.Abdur Rahman Crescent Institute of Science and Technology, Chennai,
600048, India, 3Research Center for Bio Material and Process Development, Incheon National University, Incheon 22012,
Republic of Korea, 4Department of Material Engineering, Korea Aerospace University, Goyang 10540, Republic of Korea.

Nanoceria (CeO2 NP) has been applied in the biomedical applications due to their distinct properties from their
low redox potential of the Ce4+/Ce3+ redox couple. Also, oligoalginates, prepared by using SPP, showed high
antioxidant activities. In this study, oligoalginate (OA) nanoceria (Ce) biocomposites were synthesized by SPP to
make a biocomplex with more excellent antioxidant activities. Plasma was discharged in 0.6% or 0.8% OA with 1,
UV-Vis spectroscopy showed two peaks at 320-340 nm and 350-366 nm with absorbance of 2.142-5.34 and 2.824.416. Among them, 0.8% OA∙5 mM Ce showed the highest peaks and showed highest percentage of DPPH(2,2diphenyl-1-picrylhydrazyl) radicals scavenging activities, which was about 75%. FT-IR analysis indicated that
chemical bonds of OA were not affected by plasma discharge. The prevalence of nanoceria as Ce3+ and Ce4+ in the
0.8% OA∙5 mM Ce matrix was revealed by the XPS analysis, and well-dispersed nanoceria coated with oligoalginate
in the matrix was observed using SEM/EDS and TEM. DLS analysis showed that the average size of 1, 3, 5 mM Ce
in 0.8% OA was 169.9±0, 296.2±25.115, and 281.70±25.155 nm; and the zeta-potential, -40.33±1.125, -40.11±0.852
and -45.12±1.348 mV, respectively. Almost of the ∙OH and O2– radicals were successfully scavenged with 0.8% OA∙5
mM Ce. Therefore, more effective antioxidant biocomplex was obtained by using oligoalginate and nanoceria through
SPP that can be utilized as a quencher of ROS.
Keywords: Solution plasma process (SPP), oligoalginate, antioxidant agent
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3, 5 mM Ce at 800 voltages, 30 kHz for 15 min using a unipolar power supply and a reactor with tungsten electrodes.
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ST6-1
Discovery of a Novel Phage Receptor and Control of Shigella flexneri
2a Using Cocktail
Hojeong Choi1 and Ju-Hoon Lee1,2,3*
1

Department of Agricultural Biotechnology, Seoul National University, Seoul 08826, Republic of Korea, 2Research Institute of
Agriculture and Life Sciences, Seoul National University, Seoul 08826, Republic of Korea, 3Department of Food and Animal
Biotechnology, Center for Food and Bioconvergence, Seoul National University, Seoul 08826, Republic of Korea

Shigella is an important causative agent of Shigellosis causing diarrhea. Considering the antibiotic resistance,
bacteriophage can be used as an antibiotics alternative for controlling Shigella. However, bacteria can become
resistant to phages by modifying their cell surface receptors, it is more effective to use phages with different receptors.
In this study, 8 phages were isolated from nature and classified based on their receptor types; the outer core of
lipopolysaccharide (LPS) (C group), the O-antigen of LPS (O group) and FhuA, the ferrichrome porin (F group).
affects the synthesis of S. flexneri LPS core. In spotting assay with the shigella mutant resistant to C group phage
showed that SFP21A can infect differently from other O group phages. The blocking of SFP21A adsorption by
periodate and proteinase K treatment of host Shigella cells showed that the LPS is a receptor of SFP21A. Furthermore,
the characterization of the SFP21A were performed. In one-step growth analysis, SFP21A has 5 min eclipse time,
10 min latent time and 347.2 PFU/cell burst size. In stability test, SFP21A showed that they are stable from -20 to
50℃ and pH 4 to 11. Phage cocktail consisting of SFP21A, C group phage, and F group phage effectively inhibited
the bacterial growth in vitro for 22 h (MOI=0.01), which suggested the possibility of phage cocktail to biocontrol of

Shigella.
Keywords: Bacteriophage, biocontrol, food-borne pathogen
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Among them, SFP21A showed different lytic activity with typical O group phages in galU mutant that directly
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ST6-2
Characterization of a Vibrio vulnificus Mutant Deficient in Putative
fimZ Gene which Only Present in Clinical Genotype (Biotype 1C)
Joongi Kwon, Jeong-Eun Kwak, and Ju-Hoon Lee*
Department of Agricultural Biotechnology, Seoul National University, Seoul 08826, Republic of Korea

Vibrio vulnificus is a pathogen isolated from the estuarine waters and a variety of seafood. It has been subdivided
into three biotypes. Biotype 1 is responsible for the majority of human infections. In addition, biotype 1 is composed
of two genotypes: a clinical genotype (biotype 1C), and an environmental genotype (biotype 1E). To identify their
virulence factors and clinical characteristics, complete genome sequences of clinical genotype and environmental
type were obtained from the NCBI database and compared genome sequences using the pan-genome approach.
Subsequent pan-genome analysis revealed that biotype 1C has putative fimZ, dgcJ, putative phosphodiesterase
shows a colonial morphology change from opaque form to translucent form. Also, the mutant type displayed
significantly reduced the capsular polysaccharide (CPS) and relevant gene expression. A virulent opaque form
produces CPS and a translucent phenotype produces little or no CPS. Moreover, CPS reduction of the mutant type
shows that the viability was reduced by Raw 264.7 macrophage, and the mutant type formed significantly more
biofilm than the wild type because the CPS reduction increases the biofilm formation in V. vulnificus. These results
suggest that the putative fimZ gene affects the CPS production of clinical strains and indicate that this gene may be
associated with the virulence factor of clinical strains.
Keywords: Vibrio vulnifucs, biofilm, capsular polysaccharide
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(EAL domain), and rcsC gene but biotype 1E doesn’t have. Among them, the putative fimZ gene-deficient mutant
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ST6-3
The Modulons Identified by Machine Learning Method Expand the
Transcriptional Regulatory Networks of Enterohemorrhagic
Escherichia coli
Hanhyeok Im1,2, Duhyun Ko1,2, Dayoung Sung1,2, Hojun Lee1,2,
Minji Ahn1,2, Won Woo Choi1,2, and Sang Ho Choi1,2,3*
1

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

The elucidation of the transcriptional regulatory networks (TRNs) of enterohemorrhagic Escherichia coli (EHEC)
is critical to understanding its pathogenesis and survival in the host. However, the analyses of current TRNs are still
limited to comprehensively understanding their target genes generally co-regulated under various conditions
based decomposition method, was used to decompose the large-scale transcriptome data of EHEC into the
modulons, which contain the target genes of several TRNs. The locus of enterocyte effacement (LEE) and the Shiga
toxin (Stx) modulons mainly consisted of the Ler regulon and the Stx prophage genes, respectively, confirming that
ICA properly grouped the co-regulated genes of EHEC. Further investigation revealed that the LEE modulon
contained the Z0395 gene as a novel member of the Ler regulon, and the Stx modulon contained the thi and cus
locus genes in addition to the Stx prophage genes. Concurrently, the Stx prophage genes were also regulated by
thiamine and copper ions known to control the thi and cus locus genes, respectively. The modulons effectively
clustered the genes co-regulated regardless of the growth conditions and the genetic backgrounds of EHEC. The
changed activities of the individual modulons successfully explained the differential expressions of the virulence
and survival genes during the course of infection in bovines. Altogether, these results suggested that ICA of the
large-scale transcriptome data can expand and enhance the current understanding of the TRNs of EHEC.
Keywords: EHEC, transcriptional regulatory network, machine learning
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regardless of the genetic backgrounds. In this study, independent component analysis (ICA), a machine learning-
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ST6-4
Characterization of an Endolysin from Bacillus cereus-Infecting
Bacteriophage B13S and Its Application as Antimicrobial and
Detection Agents
Booyoung Yu and Minsuk Kong*
Department of Food Science and Technology, Seoultech, Seoul 01811, Republic of Korea

Bacillus cereus is a ubiquitous soil bacterium responsible for food poisoning and non-gastrointestinal infections.
To control B. cereus, a B. cereus-specific bacteriophage B13S was isolated from sewage and its endolysin (PlyB13S)
was characterized. A novel virulent phage B13S, belonging to the Myoviridae family, has 155.77-kb double-stranded
circular DNA containing 222 open reading frames. PlyB13S rapidly lysed bacterial cells and showed much broader
lytic spectrum than its parental phage. In addition, PlyB13S could remove B. cereus biofilms on polystyrene surfaces
domain of PlyB13S (PlyB13S_EAD) showed weaker lytic activity than full-length endolysin towards B. cereus, but
it rapidly lysed Geobacillus stearothermophilus cells and eliminated its biofilms. An enhanced green fluorescent
protein (EGFP)-fused cell-wall binding domain of PlyB13S (EGFP::PlyB13S_CBD) specifically binds to 12 strains
of B. cereus in buffer and showed strong binding activity in sterilized milk as well. These results suggest that PlyB13S
and its domains can be used as novel tools for diagnostics and biocontrol purposes.
Keywords: Bacillus cereus, endolysin, food
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and showed 2 log CFU/mL reduction of viable B. cereus cells in boiled rice. Interestingly, an enzymatic active
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ST6-5
Isolation and Characterization of Clostridium perfringens- Specific
Bacteriophages and Its Endolysin
Jena Kim and Minsuk Kong*
Department of Food Science and Technology, SeoulTech, Seoul 01811, Republic of Korea

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

perfringens, indicating that the C-terminal region serves as a spore binding domain of PlyDOBBIE2. These data
suggest that PlyDOBBIE2 could be developed as a biocontrol agent against C. perfringens cells as well as detection
tools targeting C. perfringens spores.
Keywords: Clostridium perfringens, bacteriophage, endolysin
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analysis showed Reka1 and Lena2 have ~19 kb DNA with 22 and 26 open reading frames (ORFs), respectively,
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ST6-6
Development of Antimicrobial Peptide-Fused Endolysin to Control
Foodborne Pathogen Cronobacter sakazakii
Doyeon Kim and Minsik Kim*
Department of Food and Nutrition, Brain Korea 21 FOUR, College of Human Ecology, Yonsei University, Seoul 03722, Republic
of Korea

Endolysin, a phage-encoded enzyme, gets attention as an antibacterial agent with its bacterial cell wall degrading
activity. Although exogenously treated endolysin can kill Gram-positive bacterial cells, it is hard to apply to Gramnegative bacteria due to the presence of outer membrane. To overcome this hurdle, we engineered the endolysin
LysC02 originated from phage infecting foodborne pathogen Cronobacter sakazakii by fusing with 9 kinds of
α-helical cationic antimicrobial peptides (AMPs). When Gram-negative C. sakazakii cells were treated with the

sakazakii started to be disrupted within 5 min under time-lapse microscopy by the engineered endolysin treatment,
and the number of viable cells was reduced up to 3.3-log within 1 h without additional outer membrane permeabilizer.
These results implicated that the AMP fusion has provided the outer membrane permeability to the endolysin, and
consequently, could allow the endolysin to reach and degrade the target peptidoglycan. Taken together, the
engineered endolysin fused with cell-penetrating AMP could be developed as effective enzybiotics that act
exogenously to control C. sakazakii and other Gram-negative bacteria.
Keywords: Endolysin, antimicrobial peptide, Cronobacter sakazakii
[This work was carried out with the support of “Cooperative Research Program for Agriculture Science and Technology
Development (Project No. PJ01574702)” Rural Development Administration, Republic of Korea.]
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engineered endolysins, the optical density at 600 nm of cell suspension was decreased averagely about 0.8 in 4 h. C.
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Isolation and Characterization of Two Bacteriophages that Infect
Foodborne Pathogen Escherichia coli O157:H7
Minjin Oh and Byoung Sik Kim*
Department of Food Science and Biotechnology, ELTEC College of Engineering, Ewha Womans University,
Seoul 03760, Republic of Korea

Pathogenic Escherichia coli is a major foodborne pathogen, and especially E. coli O157:H7 can cause serious
illnesses like hemolytic colitis and hemolytic uremic syndrome. In recent years, consumption of raw vegetables has
been linked to several food poisoning outbreaks associated with E. coli O157:H7. Moreover, broadly spread
antibiotic resistance among pathogenic bacteria is also of concern for this pathogen. Here, we isolated two E. coli
O157:H7 infecting bacteriophages, PECP14 and PECP20, from environmental and sewage samples. Transmission
electron microscopic analysis revealed that the PECP14 and PCEP20 belong to the Siphoviridae and Myoviridae
and have a circular DNA chromosome. Notably, PECP14 and PECP20 target distinct host receptors, BtuB and LPS
respectively, and could infect other foodborne enteric pathogens such as Shigella sonnei and S. flexneri. All together,
these phages and their cocktail have a potential to be used as sustainable food preservatives or alternative
antimicrobials controlling E. coli O157:H7 in fresh produce like sprouts and sprout powder.
Keywords: Bacteriophage, E. coli O157:H7, foodborne pathogens
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family respectively. Both phages were stable in a broad range of pH(pH 3-11) and temperature(4-50℃) conditions
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ST6-8
Effectiveness of a Lytic vB_PcaS_KFSPCC Phage Infecting
Pectobacterium carotovorum in Lettuces
Ye-Rim Park, Su-Hyeon Kim, Hyeju Jung, and Mi-Kyung Park*
School of Food Science and Biotechnology, Kyungpook National University, Daegu 41566, Republic of Korea

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

Filamentous E2 phage as bioreceptor on a surface-scanning magnetoelastic (ME) biosensor is problematic for
rapid, on-site detection of Salmonella Typhimurium (ST). Since FST phage requires 95% relative humidity (RH)
with a bulky humidifier for optimal binding with ST, humidity-robust phage for overcoming the requirement is
needed. Therefore, the aim of this study was to investigate the feasibility of a tailed ST-specific (TST) phage to
replace FST phage for ST detection under ambient RH. TST phage was previously isolated from washing water in a
poultry processing facility and purified. To investigate humidity-robustness of TST phage, TST phage-immobilized
ME biosensor, each phage-immobilized sensor was employed on chili pepper inoculated with various concentrations
of ST under ambient RH. The resonant frequency shift measured (Δfmeasured) was obtained by subtracting before and
after binding ST. The bacterial density on the sensor was confirmed by SEM. TST phage showed excellent STbinding capability at 50% RH. As concentration of ST increased, Δfmeasured of TST phage- or FST phage-immobilized
sensor increased in a dose-response manner. The sensitivity of TST phage was significantly greater than that of FST
phage (p<0.05). The detection limit of TST phage was lower than that of FST phage. The bacterial density captured
by TST phage was significantly greater than that of FST phage (p<0.05). This study demonstrated that humidityrobust TST phage can detect ST with excellent capturing capacity and sensitivity under ambient RH.
Keywords: Humidity-robust, phage, surface-scanning coil
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sensor was exposed to ST under 25%, 50%, 75%, or 100% RH. To compare the performance of both phages on the
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ST7-1
Genetic and Regulatory Mechanism of Lipase Activity in the Plant
Pathogenic Fungus Fusarium graminearum
Sieun Kim1, Jiyeun Park1, Soyoung Choi1, Jiyoung Shin2, Jung-Eun Kim2, Rina Hong1, Gyung Ja Choi3,
Yin-Won Lee1, and Hokyoung Son1,2*
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Department of Agricultural Biotechnology, Seoul National University, Seoul, Korea, 2Research Institute of Agriculture and Life
Sciences, Seoul National University, Seoul, Republic of Korea, 3Eco-Friendly New Materials Research Group, Research Center
for Biobased Chemistry, Division of Convergence Chemistry, Korea Research Institute of Chemical Technology, Daejeon,
Republic of Korea

Fusarium graminearum is the important plant pathogenic fungus that causes Fusarium head blight (FHB) on
wheat and barley. To understand the molecular mechanisms underlying fungal development, virulence, and
mycotoxin production, large collections of F. graminearum mutants and their phenome database have been
pathways. Phospholipases are expected to be important virulence factors and some secreted fungal lipases are
known to be involved in plant pathogenicity. However, the roles and regulatory mechanisms of most fungal lipases
are largely unknown. In this study, we examined the biological function and regulatory mechanisms of fungal
lipases via two approaches. At first, we identified 86 putative lipase-encoding genes (LIPs) of F. graminearum and
generated a genome-wide deletion mutant collection. We analyzed phenotypic changes, such as vegetative growth,
asexual and sexual reproduction, and pathogenicity of the mutants, and many mutants showed impaired phenotypes.
Secondly, we examined the lipase activity of previously constructed transcription factor (TF) mutants of F.

graminearum, and identified three TFs and one histone acetyltransferase which significantly affect the extracellular
lipase activity. The relative transcript levels of FgLIP1 and FGL1 were markedly reduced or enhanced in these TF
mutants. The mutants also showed severe defect in intracellular lipase activity, asexual and sexual reproduction, and
pathogenicity, which implies potential roles of fungal lipases in diverse biological processes. This study is the first
comprehensive functional analysis of fungal lipases, and provides a valuable genetic resource for further biological
researches in filamentous fungi including plant pathogens.
Keywords: Lipase, Fusarium graminearum
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constructed. Lipases, which catalyze the hydrolysis of long-chain triglycerides, participate in various biological

49th Annual Meeting & International Symposium

2022 KMB Selected Five Leading Technologies in Microbiology and Biotechnology

The Korean society for
Microbiology and Biotechnology

ST7-2
Different Photosynthetic Regulations of Synechocystis sp. PCC
6803 in Response to Photosynthesis Inhibitory Stresses
Sang-Hyeok Cho1, Suhyung Cho1,2*, and Byung-Kwan Cho1,2*
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2

Cyanobacteria can produce diverse natural and nonnative value-added biochemicals from CO2 and light. To
fully utilize the potency, it is critical to understand their photosynthetic regulations under environmental conditions.
Here, we elucidated the inhibitory mechanisms of photosynthesis under high-light (HL) and low-temperature (LT)
stress in the model cyanobacterium Synechocystis sp. PCC 6803. Under each stress condition, the transcript
abundance and translation efficiency were measured by RNA-seq and Ribo-seq, and the genome-wide transcription
unit (TU) was constructed by integration of transcription start sites and transcript 3′-end positions obtained from
between the two stress conditions; HL stress induced photodamage responses, while LT stress impaired the
translation efficiency of photosynthesis genes. In particular, poor translation of PSI resulted from ribosome stalling
at the UTR, affecting the overall photosynthetic yield under LT. Our multiomics analysis with TU architecture
provides foundational information on photosynthesis for industrial strain development.
Keywords: Cyanobacteria, photosynthesis, multi-omics analysis
[This work was supported by the C1 Gas Refinery Program (2018M3D3A1A01055733 to B.-K.C.) and the Basic
Core Technology Development Program for the Oceans and Polar Regions (2016M1A5A1027458 to B.-K.C. and
2016M1A5A1027455 to S.C.) through the National Research Foundation (NRF) funded by the Ministry of Science
and ICT (MSIT).]
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TSS-seq and Term-seq, respectively. Our results suggested that the mode of photosynthesis inhibition differed
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Discovering the Roles of the Casein Kinase 2 Complex in the
Growth, Differentiation, Stress Responses, and Pathogenicity of
Cryptococcus neoformans
Yeseul Choi, Seong-Ryong Yu, Seok-Hwan Jung, and Yong-Sun Bahn*
Department of Biotechnology, Yonsei University, Seoul 03722, Republic of Korea

The basidiomycete human fungal pathogen Cryptococcus neoformans causes fatal meningoencephalitis both in
immunocompromised patients and immunocompetent individuals. However, the therapeutic options for treatment
of cryptococcosis are currently highly limited. As a potential antifungal drug target, kinases have been considered
to be good candidates as some of them play critical roles in cellular mechanisms and virulence of fungal pathogens.
In our previous studies, we demonstrated that Cka1, which is a serine/threonine kinase and the catalytic subunit of

neoformans. In this study, we aim to further characterize the functions and regulatory mechanism of the whole CK2
complex in C. neoformans. The cryptococcal CK2 complex consists of the catalytic subunit Cka1 and two regulatory
subunits, Ckb1 and Ckb2. The ckb1Δ, ckb2Δ, and ckb1Δ ckb2Δ mutants exhibited increased susceptibility to
antifungal drugs, oxidative stress, and DNA damaging agents, albeit to a lesser extent to the cka1Δ mutant, indicating
that Ckb1 and Ckb2 play accessary roles for Cka1. Notably, however, the cka1Δ ckb1Δ ckb2Δ triple mutants showed
more severe growth defects and greater stress susceptibility than the cka1Δ mutants, indicating that the two
regulatory subunits may have Cka1-independent functions. Supporting this, we found that the CK2 complex is
required for maintaining normal cell cycle and morphology. Coimmunoprecipitation assay revealed physical
interactions between Cka1 and Ckb1, Cka1 and Ckb2, and Ckb1 and Ckb2, suggesting that the CK2 complex has
a heterotetramer structure (Cka1-Ckb1-Ckb2-Cka1). Considering pleiotropic roles of the CK2 complex in C.

neoformans, we elucidated its downstream effector genes through RNAseq-based transcriptomics analyses.
Transcriptomics data have shown that the deletions of CK2 components affect the expression level of hundreds of
genes, indicating that CK2 plays important roles in regulating cell maintenance. In conclusion, this study provides
a comprehensive insight into the function and regulatory mechanism of the fungal CK2 complex.
Keywords: Cryptococcus neoformans, casein kinase 2, antifungal drug

404

Symposium

the casein kinase 2 (CK2) complex, is involved in controlling the growth, morphology, and pathogenicity of C.
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ST7-4
Role of EnvZ/OmpR Two-Component System in Antibiotic
Resistance in Salmonella enterica serovar Enteritidis
Duhyun Ko1,2, Hanhyeok Im1,2, Hojun Lee1,2, Dayoung Sung1,2, Won Woo Choi1,2, Minji Ahn1,2,
Garam Choi2, and Sang Ho Choi1,2*
1

Department of Agricultural Biotechnology, Seoul National University, Seoul 08826, Republic of Korea,
2
Center for Food and Bioconvergence, Seoul National University, Seoul 08826, Republic of Korea

Outer membrane porins (OMPs) form water-filled open channels and allow the entry of small hydrophilic
antibiotics. Thus, compositional modulation of OMPs is frequently observed in multidrug-resistant bacteria,
including a human pathogen Salmonella enterica. However, little is known about the mechanisms by which S.

enterica modulates OMP composition to enhance antibiotic resistance. In this study, we found that the S. enterica
serovar Enteritidis strain with an active state of EnvZ/OmpR is highly resistant to various antibiotics, especially
multiple OMP genes, including SEN1522, SEN2875, ompD, and ompW. Biochemical analyses identified that OmpR
activates SEN1522 and SEN2875 but represses ompD and ompW by directly binding to their upstream regions.
Interestingly, the cellular level of OmpR determines the expression of the four OMP genes, and particularly,
phosphorylation of OmpR is not required for the repression of ompD and ompW. Phenotypic analysis revealed that
decreased expression of ompD is responsible for the EnvZ/OmpR-mediated resistance to β-lactams in S. Enteritidis.
Notably, EnvZ/OmpR represses the expression of ompD upon exposure to β-lactams and presumably provides S.
Enteritidis with benefits for survival. Altogether, this study suggests that EnvZ/OmpR remodels OMP composition
in response to β-lactams and thereby enhances resistance in S. Enteritidis to the antibiotics.
Keywords: Salmonella enterica, EnvZ/OmpR two-component system, antibiotic resistance
[This study was carried out with the support of “Research Program for Agricultural Science & Technology
Development (PJ016298)”, National Institute of Agricultural Sciences, Rural Development Administration, Republic
of Korea.]
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β-lactams. Transcriptome analysis discovered that the active state of EnvZ/OmpR induces differential expression of
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ST7-5
The cfrA Gene Contributes to Cold Stress Tolerance in
Campylobacter jejuni
Jeong In Hur1, Jinshil Kim1,2*, Sangryeol Ryu1,2*, and Byeonghwa Jeon3*
1

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, 2Center for Food and
Bioconvergence, Seoul National University, Seoul 08826, Republic of Korea, 3School of Public Health,
University of Minnesota, St Paul, MN 55108, USA

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

jejuni.
Keywords: Campylobacter jejuni, cold stress tolerance, ferric enterobactin receptor (CfrA)
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exhibited different survival levels at 4℃ for 21 days. The multilocus sequence typing analysis showed that clonal
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Development of a Cost-Effective Medium for Syngas Fermentation
by Reusing and Replacing Medium Components
Mungyu Lee, Nulee Jang, Jae-Hun Kim, Byeongchan Kang,
Ji-Yeon Kim, and In Seop Chang*
School of Earth Sciences and Environmental Engineering, Gwangju Institute of Science and Technology (GIST),
123 Cheomdan-gwagiro, Buk-gu, Gwangju 61005, Republic of Korea

The fermentation process technology using syngas is a process that produces useful high value-added products
by providing the gasses emitted from various wastes to microorganisms as feed. Synthesis gas (syngas) is a fuel gas
mixture that mainly includes CO, CO2, and H2. The biofuels and chemicals can be produced from Syngas by various
microorganisms. Acetogens can produce biofuels and chemicals through the Wood-Ljungdahl pathway using CO
as the sole carbon and energy source. However, we must overcome several boundaries to bring the syngas
valuable products and high production or low operating costs, is needed for commercialization. In this study, we
propose a way to reduce operating costs mostly related to the medium. The growth medium used in fermentation
is a significant source that increases the operation cost. Therefore, investing in the industrial medium for low-cost
operation is one of the significant researches in process development. Here, we proposed two cases: (1) Replace
fermentation medium component with dehydrated filtrate from a sewage treatment plant. (2) Reuse of fermentation
broth simultaneously to purify the medium. These medium cases will make cost-effective process operation possible
by reusing and replacing the medium component.
Keywords: Syngas fermentation, cost-effective medium, low cost operation
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fermentation process into commercial production. The cost-effective process operation, which means producing
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Green Hydrogen Production by Microbial Photoelectrolysis Cells
(MPEC) and Hydrogenase Electrode
Hwapyong Kim and Su-Il In*
Department of Energy Science and Engineerin, DGIST, Daegu 42988, Republic of Korea

A microbial electrolysis cell (MEC) consumes the chemical energy of organic material producing, in turn,
hydrogen. This study presents a new hybrid MEC design with improved performance. An external TiO2 nanotube
(TNT) array photoanode, fabricated by anodization of Ti foil, supplies photogenerated electrons to the MEC
electrical circuit, significantly improving overall performance. The photogenerated electrons help to reduce electron
depletion of the bioanode, and improve the proton reduction reaction at the cathode. Under simulated AM 1.5
illumination (100 mW cm−2) the 28 mL hybrid MEC exhibits a H2 evolution rate of 1434.268±114.174 mmol m−3
30.76%, 34.4%, and 26.0% higher than a MEC under dark condition. For fully biosystem for producing green
hydrogen, we extracted [NiFe]-hydrogenases from E. coli and immobilized them on the TiO2 nanotube electrode
prepared by pyrrol-based electropolymerization for application in aerobic conditions. As a result, we can confirm
that [NiFe]-hydrogenases coated TiO2 nanotube electrode demonstrates the increased hydrogen evolution reaction
activity at the aerobic condition than control samples on in-vitro activity test using methylene viologen and linear
sweep voltammetry.
Keywords: Microbial Fuel Cells (MFCs), hydrogenase, green Hydrogen
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h−1, a current density of 0.371±0.000 mA cm−2 and power density of 1415.311±23.937 mW m−2, that are respectively

49th Annual Meeting & International Symposium

2022 KMB Selected Five Leading Technologies in Microbiology and Biotechnology

The Korean society for
Microbiology and Biotechnology

ST7-8
Effect of Microplastics Exposure on Gene Expression and
Virulence of Edwardsiella piscicida
Ju Bin Yoon1, Sungmin Hwang2, and Ki Hwan Moon3*
1

Ocean Science and Technology School, Korea Maritime and Ocean University, Busan 49112, Republic of Korea,
2
Clean Energy Research Center, Korea Institute of Science and Technology, Seoul 02792, Republic of Korea,
3
Division of Convergence on Marine Science, Korea Maritime and Ocean University, Busan 49112, Republic of Korea

Due to the increase of industrial activities, new types of anthropogenic pollutants are rapidly generated.
Microplastics (MP) are spotlighted as a new aquatic pollutant that can be threaten both large animals and
microorganisms. We exposed fish pathogen, Edwardsiella piscicida, with 0.05 μm-sized MP, then performed the
TEM imaging to observe the microbial community and cell morphology. TEM data shows that MP particles were
performed to identify the differentially expressed genes with MP exposure, resulting that genes involved in major
virulence factor, type VI secretion system (T6SS), and carbohydrate transport and metabolism pathways were
regulated. The genome-wide gene expression data corresponded to the results of a qRT-PCR. Cell line and zebrafish
infection assay shows that MP adapted E. piscicida became a hypervirulence. Interestingly, MP adapted E. piscicida
partially restored the expression of T6SS-related genes inside the cell under MP-free condition. These results suggest
that the expression of T6SS-related genes down-regulated by MP exposure increases the cell invasion ability of E.

piscicida, and the expression of T6SS-related genes is restored inside the host, resulting in a higher mortality rate as
a result of infection with a larger number of bacteria. This study imply that pollutants inflow into the aquatic
environment is able to influence pathogenesis mechanisms of pathogens.
Keywords: Edwardsiella piscicida, microplastics, type VI secretion system
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possibly entering the bacteria, and a noticeable change in the cell membrane. Transcriptome analyses were
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ST7-9
The Interkingdom Interaction with Staphylococcus Influences the
Antifungal Susceptibility of the Cutaneous Fungus Malassezia
Juan Yang and Won Hee Jung*
Department of Systems Biotechnology, Chung-Ang University, Anseong 17546, Republic of Korea

The skin is a dynamic ecosystem, and diverse microbes reside in this environment. The interaction between
microbial species in the skin microbiota is thought to influence the health and disease of the skin although the roles
of the intra- or interkingdom interactions remain to be elucidated. In this context, the interactions between

Malassezia and Staphylococcus, which are the most dominant fungal and bacterial genera in the skin microbiota,
respectively, have gathered attention. This study investigated how the interaction between Malassezia and

Staphylococcus affects the antifungal susceptibility of the fungus to the azole antifungal drug ketoconazole. The
acidification of the environment by organic acids produced from Staphylococcus mainly influenced the decrease of
the ketoconazole susceptibility of M. restricta in the co-culturing condition. Furthermore, our data demonstrate
that the significant increase of the ergosterol content and cell membrane/wall thickness of the M. restricta cells
growing under the acidic environment may be the main cause of the altered azole susceptibility of the fungus.
Overall, our study suggests that the interaction between Malassezia and Staphylococcus influences the antifungal
susceptibility of the fungus and that pH has a critical role in the polymicrobial interaction in the skin environment.
Keywords: Antifungal drug, Malassezia, skin mycobiota
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susceptibility was significantly decreased when Malassezia was co-cultured with Staphylococcus. We found that
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ST8-1
Co-Cultivation Strategy for Growth Promotion of Haematococcus
lacustris Using Intracellular Bacterium
Min Seo Jeon1, Sanh-Il Han2, and Yoon-E Choi1*
1

Division of Environmental Science and Ecological Engineering, Korea University, Seoul 02841, Republic of Korea,
Advanced Radiation Technology Institute, Korea Atomic Energy Research Institute, Jeongeup-si 56212, Republic of Korea

2

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

providing novel insight into biology of H. lacustris.
Keywords: Haematococcus, intracellular bacterium
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Inhibition of O-GlcNAcylation Protects from Shiga
Toxin-Mediated Cell Injury and Lethality in Host
Kyung-Soo Lee1,2 and Moo-Seung Lee1,2*
1

Environmental Diseases Research Center, Korea Research Institute of Bioscience and Biotechnology (KRIBB),
125 Gwahak-ro, Daejeon 34141, Republic of Korea, 2Department of Biomolecular Science, KRIBB School of Bioscience,
Korea University of Science and Technology (UST), 127 Gajeong-ro, Yuseong-gu, Daejeon 34113, Republic of Korea

Shiga toxins (Stxs) produced by enterohemorrhagic Escherichia coli (EHEC) are the major virulence factors
responsible for hemorrhagic colitis, which can lead to life-threatening systemic complications including acute renal
failure (hemolytic uremic syndrome) and neuropathy. Here, we report that O-GlcNAcylation, a type of posttranslational modification, was acutely increased upon induction of endoplasmic reticulum (ER) stress in host
cells by Stxs. Suppression of the abnormal Stx-mediated increase in O-GlcNAcylation effectively inhibited apoptotic
pathogenic responses was also verified using three-dimensional (3D)-cultured spheroids or organoids mimicking
the human kidney. Treatment with an O-GlcNAcylation inhibitor remarkably improved the major disease symptoms
and survival rate for mice intraperitoneally injected with a lethal dose of Stx. In conclusion, this study elucidates
O-GlcNAcylation-dependent pathogenic mechanisms of Stxs and demonstrates that inhibition of aberrant
O-GlcNAcylation is a potential approach to treat Stx-mediated diseases.
Keywords: Apoptosis & inflammation, shiga toxin, O-GlcNAcylation
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and inflammatory responses in Stx-susceptible cells. The protective effect of O-GlcNAc inhibition for Stx-mediated
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Identification of Novel Human Gut Microbiota Preventing
Inflammatory Bowel Disease via Anti-Inflammatory Activity and
Gut Microbiome Modulation
Seung Yeob Yu, Byeong Seob Oh, Seoung Woo Ryu, Won Jung Choi, Jeong Eun Bak,
and Ju Huck Lee*
Korean Collection for Type Cultures, Biological Resource Center, Korea Research Institute of Bioscience and
Biotechnology, Jeongeup 56212, Republic of Korea

Inflammatory bowel disease (IBD) is a severe chronic, relapsing inflammatory disease of the gastrointestinal tract.
An imbalance in the gut microbiota that can disrupt host-microbial homeostasis, called microbial dysbiosis, is
implicated in the pathogenesis of IBD. Therefore, modulation of the gut microbiome (GM) may be a strategy for
supernatant (CFS) of isolated GM from healthy human feces. Among 53 GMs that inhibited inflammation in
Raw264.7 cells, GM37 had the highest anti-inflammatory activity. We verified the anti-inflammatory activity of
GM37 in vitro and in vivo. As a result, the CFS of GM37 decreased the amount of IL-6, TNF-α, and NO via
inhibition of NF-κB pathway. Furthermore, the mouse colitis model induced by DSS showed that GM37 prevented
body weight loss, colon length shortening, colon permeability, bloody stools, and disease activity index (DAI). In
addition, we discovered that GM37 treatment could ameliorate mucosal inflammation and improve the microbial
community. All together, these findings suggest the possibility that the GM37 can prevent IBD and be a promising
new drug for IBD therapy.
Keywords: Gut microbiome, IBD, anti-inflammation
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suppressing IBD and inflammatory responses. In this study, we evaluated anti-inflammatory activity using cell-free
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African Swine Fever Virus EP364R and C129R Degrade 2’3’cGAMP
and Downregulate cGAS-STING Pathway
Niranjan Dodantenna and Jong-Soo Lee*
College of Veterinary Medicine, Chungnam National University, Daejeon, Republic of Korea

African swine fever virus (ASFV) is highly pathogenic swine DNA virus that causes African swine fever (ASF) in
domestic pigs and wild boars with high mortality. For the efficient virus infection, ASFV has developed complex
strategies to evade the key components of antiviral innate immune responses. However, the immune escape
mechanism of ASFV remains largely unknown. Upon ASFV infection, the cytosolic DNA sensor cyclic GMP-AMP
synthase (cGAS) recognizes ASFV DNA and synthesizes the second messenger cyclic GMP-AMP (2′3′cGAMP)
triggering IFN production in order to hinder the viral replication. In this study, we demonstrated that a novel
responses. ASFV EP364R and C129R which has nuclease homologs are interacted specifically with 2′3′cGAMP and
exerted their phosphodiesterase (PDE) activity to degrade 2′3′cGAMP, thereby suppressing IFN-mediated
responses. Especially, sequence analysis of EP364R revealed the presence of similar motif in STING protein for
2′3′cGAMP interaction and point mutation of Y76S and N78A amino acids of EP364R impaired the interaction
with 2′3′cGAMP and restored subsequent antiviral responses.
Keywords: African swine fever virus, EP364R and C129R, 2′3′cGAMP
[National Research Foundation of Korea (2021R1A6A1A03045495)]
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immune evasion mechanism of ASFV EP364R and C129R to block cellular 2′3′cGAMP dependent antiviral
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Ohmyungsamycin Promotes M1-Like Inflammatory Responses to
Enhance Host Defense against Mycobacteroides abscessus
Infection
Sangmin Jeon1,2,3,4, Young Jae Kim1,2,3,4, Bui Thi Bich Hanh5, Jinsheng Cui6,
Thanh Quang Nguyen7, Prashant Siwal1,2, Jin Kyung Kim8, Jin-Man Kim2,3,9, Dong-Chan Oh6,
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2

Mycobacterium tuberculosis infection. However, its role for nontuberculous mycobacterial (NTM) infection has
not been clarified in the context of host-pathogen interactions. Mycobacteroides abscessus (Mabc) is a rapidly
growing NTM and emerging as human pathogens in both immunocompetent and immune suppressed persons. In
this study, we showed that OMS induced a significant antimicrobial effect against Mabc infection in both
immunocompetent and immunodeficiency mice and in macrophages. OMS treatment amplified Mabc-induced
expression of M1-related proinflammatory cytokines and inducible nitric oxide synthase, whereas it significantly
downregulated arginase-1 expression, in murine macrophages. In addition, OMS augmented Mabc-mediated
production of mitochondrial reactive oxygen species (mtROS), which promoted M1-like proinflammatory
responses in Mabc-infected macrophages. OMS-induced production of mtROS and nitric oxide were critically
involved in OMS-mediated antimicrobial responses during Mabc infection. Notably, the combined treatment of
OMS and rifabutin led to a synergistic effect upon antimicrobial responses to Mabc infection in vitro and in
zebrafish models in vivo. Collectively, these data strongly suggest that OMS can be used for effective M1-like
adjunctive therapeutics against Mabc infection by either single use or in a combined therapy with current antibiotics.
Keywords: Ohmyungsamycins, Mycobacteroides abscessus, M1 macrophage responses
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Ohmyungsamycins (OMS) are newly identified cyclic peptides that induce antimicrobial responses against
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Rescue of Recombinant SARS-CoV-2 Viruses Utilizing a Reverse
Genetics System
Sojung Bae and Jinjong Myoung*
Molecular Virology Laboratory, Korea Zoonosis Research Institute, Jeonbuk National University, 820-120,
Hana-ro, Iksan-si, Jeollabuk-do 54531, Korea

In December 2019, the coronavirus illness 2019 (COVID-19) first appeared in Wuhan. COVID-19 had been
confirmed in over 200 countries as of May 2022, resulting in 6 million deaths. Spike proteins are being used as an
immunogen in the development of CVID-19 vaccines. However, the efficacy of existing vaccinations is declining as
a result of the introduction of the variant virus driven by the SARS-CoV-2 mutation. Understanding SARS-biological
CoV-2’s features are crucial to overcoming this barrier. The use of a reverse genetics system in vaccine development
research is a big step forward. In this study, we created infectious SARS-CoV-2 cDNA and recombinant viruses. In
fluorescent expressing-rSARS-CoV-2 has growth kinetics compared to wild-type virus.
Keywords: SARS-CoV-2, reverse-genetics-system, recombinant-virus
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addition, we generated recombinant SARS-CoV-2 (rSARS-CoV-2) with fluorescent genes (EGFP or mNeon). The

49th Annual Meeting & International Symposium

2022 KMB Selected Five Leading Technologies in Microbiology and Biotechnology

The Korean society for
Microbiology and Biotechnology

ST8-7
MyD118 Enhances RLR Signaling by Facilitating
G3BP-Mediated Antiviral Stress Granule Formation
W. A. Gayan Chathuranga and Jong-Soo Lee*
College of Veterinary Medicine, Chungnam National University, Daejeon 34134, Republic of Korea

Myeloid differentiation primary response protein, MyD118 is a member of the growth arrest and DNA damageinducible 45 gene family. MyD118 regulates a wide array of pivotal cellular functions including cell cycle regulation
etc. Although MyD118 plays multiple regulatory functions in various signaling pathways, its specific role in antiviral
immunity has not been studied. In this study, we report that MyD118 is a potent positive regulator of RLR-mediated
signaling upon RNA virus infection. Cytoplasmic stress granules (SGs) are an important antiviral signaling hub that
activates RLR-mediated signaling. MyD118 physically interacted with G3BPs as stress granule (SG) central node
electrostatic intramolecular interactions of G3BP. Thereby, MyD118 engenders an open conformational transition
of G3BP and promotes the SG assembly. Ultimately, depletion of MyD118 expression leads to impaired SG
formation, antiviral responses and concomitant enhancement of viral replication in vitro. Furthermore, MyD118
knockout mice were highly susceptible to RNA virus infection. Taken together, our findings indicate the critical role
of MyD118 in the modulation of SG-mediated immune response to viral infection.
Keywords: RLR signaling, MyD118, stress granule
[NRF of Korea (Grant no. 2019R1A2C2008283 and 2021R1A6A1A03045495) and KRIBB Program (KGM9942011)]

418

Symposium

and localized in virus-induced SGs during the early time of infection. This interaction obstructs autoinhibitory
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E3 Ubiquitin Ligase Seven in Absentia Homolog-1
Targets Specific Deubiquitinase for the Positive Regulation of
Host Innate Immune Signal
Asela Weerawardhana and Jong-Soo Lee*
College of Veterinary Medicine, Chungnam National University, Daejeon 34134, Republic of Korea

SIAH (Seven in Absentia Homolog), an E3 ubiquitin ligase is a mammalian homolog of SINA (Seven in Absentia),
a Drosophila protein which first identified as involved in the development of the Drosophila eye. With a highly
conserved N-terminal RING domain, SIAH1 consists of two zinc finger domains and a substrate-binding domain.
It is mainly involved in cellular stress responses, but SIAH1 is associated with a broader range of cellular processes,
including neural functions, hypoxia, DNA damage response, and cell cycle regulation. In this study, we report that
directly with USP19, which isknown to be involved in deubiquitinating Beclin1, TRAF3, and TRIF for downregulation
of the interferon (IFN) signaling pathway during the early phase of infection and catalyzed K-27-linked ubiquitination
of 3 Lysine residues on USP19, which resulted in its degradation. Finally, knockdown of SIAH1 inhibited type I
interferon signaling and enhanced viral replication. Collectively, these data provide a clear understanding of the
molecular mechanism of SIAH1 mediated positive regulation of host immune response to virus infections by
targeting USP19.
Keywords: Seven in absentia homolog-1, USP19, ubiquitination
[NRF of Korea (2019R1A2C2008283 and 2021R1A6A1A03045495), KRIBB Program (KGM9942011)]

419

Symposium

E3 ligase SIAH1 is a novel positive regulator of host innate immune signaling upon viral infection. SIAH1 interacted
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Analysis of the Functions of Severe Acute Respiratory Syndrome
Coronavirus 2 Non-Structural Protein 1
on the Inhibition of Type I Interferon
Taehun Kim and Jinjong Myoung*
Molecular Virology, Korea Zoonosis Research Institute, Jeonbuk National University, 820-120, Hana-ro, Iksan-si,
Jeollabuk-do 54531, Republic of Korea

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

49th Annual Meeting &
International Symposium

Luncheon
Seminars
Korea Ltd.
LS1 Illumina


49th Annual Meeting & International Symposium

2022 KMB Selected Five Leading Technologies in Microbiology and Biotechnology

The Korean society for
Microbiology and Biotechnology

LS1
Genomic and Transcriptomic Investigation of Transcriptional
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Global transcription factors (TFs) have been studied extensively in the reference strain Escherichia coli K-12
MG1655 for the past few decades. However, conservation and possible diversity of regulons has not been
experimentally investigated. With experimentally-derived pan-regulon definition for the highly conserved global
Ferric uptake regulator (Fur), involved in iron homeostasis, is a highly conserved global TF with a large regulon.
To study conservation and possible diversity of Fur regulons for multiple E. coli strains, we determined Fur
binding sitesregulons in nine E. coli strains of different phylogroups with ChIP-exo and RNA-seq. Thirty-six of
the 469 target genes (8%) found belong to the core regulon, comprising genes involved in ion transport/
metabolism, energy production/conversion, and amino acid transport/metabolism. Another Other 158 target
genes (34%) comprise the accessory regulon, most of which were related to cell wall structure/biogenesis, and
virulence factor pathways. The remaining target genes (58%) were unique to each strain, with largely unknown
gene functions. The pan-regulon is applied to 1) link strain-specific phenotypes (growth imparied, siderophore
production, antibiotic resistance) to underlying molecular mechanisms; and 2) reveal that Fur has a disparate of
target genes between the nine strains. Taken together, the Fur transcriptional regulation varies between the
stainsin the same E. coli species, though the binding pattern is broadly conserved. We thus, for the first time,
provide experimental evidence of the Fur pan-regulon that shows surprisingly high diversity in regulon genes
amongst strains of the same species.
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