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General Information
Registration
Place: Jeju Shinhwa World, Landing Ballroom Foyer
Registration fee:
(KRW)

Onsite attendance
Online attendance
(Overseas participant only)

Category
Regular Participant
Student (including Pos-doc)

Registration Fee
250,000
150,000

Regular Participant
Student (including Pos-doc)

120,000
60,000

Information for Poster Session
Poster Session
Set-up : April 18 (Mon), 09:00 / Removal : April 19 (Tue), 17:00

Poster Topics
A. Ecophysiology
B. Probiotics and Prebiotics
C. Living at the Extremes

D. Marine Microbiology and Biogeochemistry
E. Host-Microbe Interaction in Animal Science
F. Microbiome Engineering and Management for Sustainable Urban Water Cycle

Poster Session Layout
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Timetable
April 17 (Sun)
Time

Halla Room

14:00-18:00

Business Meeting / Registration

16:00-18:00

Women Scientists Round Table / Award Session (Only On-line)
PI Round Table

18:00-21:00

Young Scientist Round Table

April 18 (Mon)
Time

Landing Ballroom A+B

09:00-09:10

OPENING ADDRESS

09:10-09:50

Opening Lecture - Prof. Jang Cheon Cho (Inha University, Korea)

09:50-10:00
10:00-12:00

Break time (Ventilation)
Session 1. Ecophysiology

12:00-13:00
13:00-14:40

Lunch
Session 2. Marine Microbiology and Biogeochemistry

14:40-15:00

Break time (Ventilation)

15:00-17:00

Session 3. Probiotics and Prebiotics

17:00-17:40

Plenary Lecture 1 - Prof. Hiroyuki Ogata (Kyoto University, Japan)

17:40-18:30

Poster Session - Landing Ballroom C

18:30-21:00

Welcome Reception

April 19 (Tue)
Time
09:00-11:00

Landing Ballroom A+B
Session 4. Living at the Extremes

11:00-11:20
11:20-12:00

Break time (Ventilation)
Plenary Lecture 2 - Prof. Sen-Lin Tang (Biodiversity Research Center, Taiwan)

12:00-13:30
13:30-15:30

Lunch
Session 5. Host-Microbe Interaction in Animal Science

15:30-16:00
16:00-17:40

Break time (Ventilation)
Session 6. Microbiome Engineering and Management for Sustainable Urban Water Cycle

17:40-18:00
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CLOSING CEREMONY

Floor Plans
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Scientific Program
Opening Lecture
OL

Opening Lecture

April 18 (Mon), Landing Ballroom A+B

Chair: Woo Jun Sul (Chung-Ang University, Korea)

09:10-09:50
Metabolic Dependency: A Key to Domesticate Aquatic Bacterioplankton
Jang Cheon Cho (Inha University, Korea)

Plenary Lectures
PL1

Plenary Lecture 1

April 18 (Mon), Landing Ballroom A+B

Chair: Yuki Morono (JAMSTEC, Japan)

17:00-17:40
Viruses as Part of Earth’s Life System
Hiroyuki Ogata (Kyoto University, Japan)

PL2

Plenary Lecture 2

April 19 (Tue), Landing Ballroom A+B

Chair: Chang-Ping Yu (National Taiwan University, Taiwan)

11:20-12:00
Coral Microbiome: It is the Time to Scrutinize Individual Microbes
Sen-Lin Tang (Academia Sinica, Taiwan)

Women Scientists Round Table
WRT

Women Scientists Round Table

April 17 (Sun), 16:00-17:30, Halla Room + Virtual

Chair: Kira Moon (Honam National Institute of Biological Resources, Korea)

16:05-16:35
Hong Kum Lee (Korea Society for Technology Sustainable Future, Korea)

16:35-16:55 Panel Discussion
Yung Mi Lee (Korea Polar Research Institute, Korea)
Naoko Yoshida (Nagoya Institute of Technology, Japan)
Shir-Ly Huang (National Yang Ming Chiao Tung University, Taiwan)

16:55-17:30 Round Table with Audiences
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Symposium
S1

Ecophysiology

S1-1 10:00-10:25

April 18 (Mon), Landing Ballroom A+B

Chair: Sukhwan Yoon (KAIST, Korea)
Ryosuke Nakai (AIST, Japan)

Characterizing Mobilizable Antibiotic Resistance in Marine Bacteria through Hybrid Sequencing
Approach
Adeel Farooq (Jeju National University, Korea)

S1-2 10:25-10:50
An Investigation of Nematodes and Their Adaptation in Serpentine Soil
Jiue-in Yang (National Taiwan University, Taiwan)

S1-3 10:50-11:15
Are Forest Soil Microbes More Active in Winter?
Kazuo Isobe (Peking University, China)

S1-4 11:15-11:40
Amazing Co-metabolic Abilities of Aerobic Ammonia Oxidizers for Organic Micropollutant Removal in
WWTPs
Qingxian Su (Technical University of Denmark, Denmark)

S1-5 11:40-12:00
Dual Energy Metabolism of Methylovirgula thiovorans: Methanotrophy and Thiotrophy
Joo-Han Gwak (Chungbuk National University, Korea)
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S2

Marine Microbiology and Biogeochemistry

S2-1 13:00-13:25

April 18 (Mon), Landing Ballroom A+B

Chair: Jong Geol Kim (Wonkwang University, Korea)
Yuki Morono (JAMSTEC, Japan)

Effects of Fish Farming on Benthic Bacterial Communities and Sediment Biogeochemistry: A Study on
Microbiological Proxies for Environmental Assessment
Ayeon Choi (Korea Institute of Ocean Science and Technology, Korea)

S2-2 13:25-13:50
Microorganism on Marine Plastic Debris: the Potential Ecological Effects of Plastisphere
Ying-Ning Ho (National Taiwan Ocean University, Taiwan)

S2-3 13:50-14:15
The OceanDNA MAG Catalog: an Unprecedented-scale Genome Resource of Marine Prokaryotes
Yosuke Nishimura (The University of Tokyo, Japan)

S2-4 14:15-14:40
Community-wide Epigenetics Provides Novel Perspectives on the Ecology and Evolution of Marine
Microbiome
Hoon Je Seong (Macrogen, Korea)

S3

Probiotics and Prebiotics

S3-1 15:00-15:25

April 18 (Mon), Landing Ballroom A+B

Chair: Tatsuya Unno (Jeju National University, Korea)
Chien-Sen Liao (I-Shou University, Taiwan)

Prebiotic Effects of Symbiotic, 2’-Fucosyllactose and Bifidobacterium, Analyzed by In Vitro Gut Model
Nam Soo Han (Chungbuk National University, Korea)

S3-2 15:25-15:50
Biodiversity and Molecular Mechanisms Involved in Sex Steroid-mediated Microbe-host Interactions
Yin-Ru Chiang (Academia Sinica, Taiwan)
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S3-3 15:50-16:15
Variation of the Gut Microbiome across the Whole Life in Mice
Lena Takayasu (The University of Tokyo, Japan)

S3-4 16:15-16:40
Neuroprotective Effects of Probiotics on an Animal Model of Parkinson’s Disease by Modulating
the Gut-brain Axis
Hak-Jong Choi (World Institute of Kimchi, Korea)

S3-5 16:40-17:00
Application of Machine Learning Techniques to Predict Short Chain Fatty Acid Production by Gut
Microbiota
Hokyung Song (Jeju National University, Korea)

S4

Living at the Extremes

S4-1 09:00-09:25

April 19 (Tue), Landing Ballroom A+B

Chair: Ok-Sun Kim (Korea Polar Research Institute, Korea)
Shan-Hua Yang (National Taiwan University, Taiwan)

Microbial Community Composition and Structure in Sediments from Mercer Subglacial Lake, West
Antarctica
Brent Christner (University of Florida, USA)

S4-2 09:25-09:50
Metagenomics Analysis Reveals Microbial Life and Their Roles in Biogeochemical Cycling in Lake
Bonney of the Dry Valleys, Antarctica
Hanbyul Lee (Korea Polar Research Institute, Korea)

S4-3 09:50-10:15
Laboratory Cultivation Provided Insight into the Symbiotic Lifestyle of DPANN Archaea
Hiroyuki D. Sakai (Soka University, Japan)
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S4-4 10:15-10:40
Cross-feeding Interactions within Anaerobic Microbial Communities Respiring Chloroform
Po-Hsiang Wang (National Central University, Taiwan)

S4-5 10:40-11:00
Physiological and Metabolic Characteristics of a Novel Sulfur-disproportionating Bacterium Isolated
from a Deep-sea Hydrothermal Vent Chimney at the Suiyo Seamount, Japan
Yurina Hashimoto (Kyoto University, Japan)

S5

Host-Microbe Interaction in Animal Science

S5-1 13:30-13:55

April 19 (Tue), Landing Ballroom A+B

Chair: Na-Ri Shin (KRIBB, Korea)
Kwang-Jun Lee (Korea National Institute of Health, Korea)
Masanori Toyofuku (Tsukuba University, Japan)

Digestive Tract Microbes of the Coconut Rhinoceros Beetle (Oryctes rhinoceros)
Matan Shelomi (National Taiwan University, Taiwan)

S5-2 13:55-14:20
Omics in Animal Gut Microbiome Analysis
Tae Woong Whon (World Institute of Kimchi, Korea)

S5-3 14:20-14:45
Single-cell Genomics for Uncultured Animal Gut Microbes
Masahito Hosokawa (Waseda University, Japan)

S5-4 14:45-15:10
Ruminal Microbiome: Opportunities to Improve Ruminant Production with Less Environmental
Outputs
Tansol Park (Chung-Ang University, Korea)
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S5-5 15:10-15:30
Independent Host- and Bacterium-based Determinants Protect a Model Symbiosis from Phage
Predation
Andrew J. Hryckowian (University of Wisconsin-Madison, USA)

S6

Microbiome Engineering and Management for Sustainable Urban Water Cycle
April 19 (Tue), Landing Ballroom A+B

S6-1 16:00-16:25

Chair: Seungdae Oh (Kyung Hee University, Korea)
Shiue-Lin Li (Tunghai University, Taiwan)

Microbiomes Reducing Odorous Compounds in a Full-scale Swine Manure Pit Recharge System
Yeo-Myeong Yun (Chungbuk National University, Korea)

S6-2 16:25-16:50
Modulating Comammox and Anammox Bacteria for Treating Low-strength Ammonium Wastewater
Jer-Horng Wu (National Cheng Kung University, Taiwan)

S6-3 16:50-17:15
Wastewater-based Epidemiology: Genetic Signal of Viruses in Urban Sewer Illuminates
Community-level Disease Prevalence and Dynamics
Masaaki Kitajima (Hokkaido University, Japan)

S6-4 17:15-17:40
Insights into the Microbial Ecology of Nitrifying Bacteria in Marine Recirculating Trickling Biofilter
Reactors
Mamoru Oshiki (Hokkaido University, Japan)
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Opening Lecture

Opening Lecture
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OL

Metabolic Dependency: A Key to Domesticate Aquatic
Bacterioplankton
Suhyun Kim, Ilnam Kang, Miri S. Park, and Jang-Cheon Cho*
Department of Biological Sciences and Bioengineering, Inha University, 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 heme
for growth. One of the cultured acI isolates also exhibited auxotrophy for riboflavin. Further, genomes of
all 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-yet-cultivated 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.

16 | www.asme2022.com

Plenary Lectures

Plenary Lectures
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PL1

Viruses as Part of Earth’s Life System
Hiroyuki Ogata
Bioinformtcis Center, Institute for Chemical Research, Kyoto University, Japan

Viruses are biological, ecological, and evolving entities. Since viruses differ from cellular organisms,
how to reconciliate and recognize them in a big picture of Earth’s life system is an important issue that drives
current viral ecology and evolutionary studies. The discoveries during the last two decades on the high
abundance of environmental viruses, the existence of viruses that are as complex as cellular organisms, and
the unexpected gene flow between cellular and viral genomes, along with the recent community effort to
systematically classify viruses in a bona fide phylogenetic framework have substantially changed our view
on viruses. In my talk, I will introduce our latest marine viral metagenomics and evolutionary studies,
which have uncovered the tight coupling of viruses and host communities, the potential roles of viruses
in carbon cycling, and their possible contributions to the evolution of cellular organisms. I argue that the
viruses represent inseparable part of Earth’s life system, where they exert powerful and innovative
eco-evolutionary forces.
1. Endo H., Blanc-Mathieu R., et al. Biogeography of marine giant viruses reveals their interplay with
eukaryotes and ecological functions. Nat. Ecol. Evol., 4, 1639-1649 (2020).
2. Prodinger F., Endo H., et al. Year-round dynamics of amplicon sequence variant communities differ
among eukaryotes, Imitevirales, and prokaryotes in a coastal ecosystem. FEMS Microbiol. Ecol. 97,
fiab167 (2022).
3. Xia J., Kameyama S., et al. Tight association between microbial eukaryote and Imitervirales communities
in the Pacific Arctic Ocean. bioRviv, doi: https://doi.org/10.1101/2021.09.02.458798 (2021).
4. Da Cunha V., Gaia M., et al. Giant viruses encode actin-related proteins. Mol. Biol. Evol. msac022
(2022).
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Plenary Lectures

PL2

Coral Microbiome:
It is the Time to Scrutinize Individual Microbes
Sen-Lin Tang
Biodiversity Research Center, Academia Sinica, Taiwan

Coral microbes are commonly thought to play roles in coral health, disease, and nutrient supply.
Because coral microbial communities are highly diverse and rapidly changing, it was not easy to detect
their composition and possible ecological functions. Thanks to technological advances in DNA
sequencing, the composition of the entire coral-associated microbial community can be unraveled, and
techniques such as metagenomic approaches can be used to find out the possible metabolic capabilities
of the microbial community. However, due to masking by the high complexity and diversity, the holistic
strategy to investigate functions of a microbial community is often challenging to clarify which microbes
play the ecological roles. Therefore, it is necessary and helpful to scrutinize potentially key microbes
individually and their functions that may pave a way to reveal specific ecological roles more clearly and
precisely in the microbial community. To uncover the specific ecological roles of coral-associated
microbes, we analyzed community composition, specific genomes, and measured metabolic activities for
specific microbes detected in different coral compartmentations (tissue and skeleton), and elucidated
their potential ecological functions of the microbes. In the skeleton, we identified a novel group of
coral-specific anaerobic green sulfur bacteria (i.e., Coral associated Prosthecochloris) that prevailed the
metabolism of the green layer in the skeleton, enabled to fix nitrogen, showed a synergistic ecological
relationship with the other microbiota, and presented a pattern of microenvironmental specificity. In the
tissue, we showed adaptation variations in the dominant coral health-associated Endozoicomonas
species, clarified a novel driver in shaping coral microbial community, and confirmed an unanswerable
ecological role of Endozoicomonas in the sulfur cycle of coral holobiont by degradation of dimethyl
sulfoniopropionate. Taken together, although the holistic approach may assist us in gaining a picture
about the coral-associated microbial community quickly, the in-depth study of individual microbes
become necessary and helpful to delineate the ecological roles and functions of the microbial community
in corals.
[This work was supported by Minister of Science and Technology, Taiwan, and Academia Sinica.]
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S1-1

Characterizing Mobilizable Antibiotic Resistance in Marine
Bacteria through Hybrid Sequencing Approach
Adeel Farooq1, Tatsuya Unno2, and Man-Young Jung3,4*
1

Research Institute for Basic Sciences (RIBS), Jeju National University, Republic of Korea

2

Faculty of Biotechnology, School of Life Sciences, SARI, Jeju National University, Republic of Korea
3

Department of Science Education, Jeju National University, Republic of Korea

4

Interdisciplinary Graduate Programme in Advance Convergence Technology and Science, Jeju National University,
Republic of Korea

Antibiotic resistance genes (ARGs) are now viewed as emerging contaminants posing a potential
worldwide human health risk. The degree to which ARGs are transferred to other bacteria via mobile
genetic elements (MGEs), including insertion sequences (ISs), integrons, plasmids, and phages, has a
strong association with their likelihood to function as resistance transfer determinants. Therefore, such
ARG-MGE associations has a critical influence on the fate of ARGs in the environment. In this study, we
determined the cooccurrence of clusters of ARGs and MGEs sequences in multidrug resistance bacteria
isolated from seawater in Jeju, South Korea. Moreover, dissemination of such clusters was also observed
in publicly available marine bacteria, and plasmid genomes. Our results demonstrated the occurrence of
27 distinctive mobilizable resistance clusters encoded by putative plasmid, prophage, and chromosomal
contigs. Whereas 8 nearly identical resistance clusters were also found in chromosomal and plasmid
contigs of various marine bacteria. Prevalence of these multi-resistance clusters within, and across
multiple hosts is indicative of their role in shaping the dissemination of resistance patterns. This study
provides the insights into the genetic backgrounds and distribution of antibiotic resistance clusters in
marine bacteria that could frame the structure of antimicrobial resistance spread in the environment.
[Supported by NRF (2019R1A6A1A10072987) and MSIT (NRF-2021R1C1C1008303).]
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S1-2

An Investigation of Nematodes and Their Adaptation in
Serpentine Soil
Meng-shan Hsieh and Jiue-in Yang*
Department of Plant Pathology and Microbiology, National Taiwan University, Taiwan

Serpentine soils are the weathered products of hydrothermally altered ultramafic rocks. It is rich in nickel
and chromium and serves as a unique ecological habitat for microorganisms. A soil nematode survey of the
serpentine soils in east Taiwan was conducted during the winter season between 2019 to 2020. Nematodes
were extracted through modified Baremann funnel method and identified both morphologically and
molecularly. The morphological identification was based on microscopic measurements and references
from available identification keys. The molecular identification was carried through specific PCR assays
and 18S ribosomal gene sequences analysis. As results, a total of 463 nematodes were collected from the
serpentine soil samples, and nearly double amounts of nematodes were recovered from nearby
non-serpentine locations. We hypothesized that environmental nickel and chromium were toxic to
nematodes, and further conducted a series of physiological exams using the emerging root-knot
nematode, Meloidogyne enterolobii, as model. From the experiments, several dose-dependent toxic
effects were observed. As the nickel or chromium ion concentration increased in the treatments, the egg
hatch rate was found significantly reduced, the survival probability of its 2nd stage juveniles was
decreased, and the plant invasion ability of the nematode was also significantly weakened. Meanwhile,
the lipid accumulation in 2nd stage juveniles increased, and the development speed during either embryo
and all juvenile stages were all significantly accelerated. As the nematode population recovered from the
serpentine soil expressed higher tolerance to the metals, our results suggested a possible new
metabolism pathway in the root-knot nematode under the heavy metal stresses.
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S1-3

Are Forest Soil Microbes More Active in Winter?
Kazuo Isobe1,2*, Hiroaki Oka2, Tsunehiro Watanabe3, Ryunosuke Tateno4, Keishi Senoo2,
and Hideaki Shibata3
1

Institute of Ecology, College of Urban and Environmental Sciences, Peking University, P. R. China
2

Graduate school of Agricultural and Environmental Sciences, The University of Tokyo, Japan
3

Field Science Center for Northern Biosphere, Hokkaido University, Japan
4

Field Science Education and Research Center, Kyoto University, Japan

Microbes are generally thought to be less active at lower temperatures. However, active decomposition
of soil organic matter has been observed in cold environments such as alpine and tundra. This raises the
following questions; 1) are soil microbes active even in winter when plants are dormant?; 2) if so, what
consequences does this have on forest ecosystem services?
We examined the temporal change in microbial community and nutrients in soil throughout two
years in a cool-temperate deciduous forest, with a focus on microbial community functions in the
snow-covered winter season.
Then we observed a high activity of soil microbial community in the winter and its importance on plant
growth and annual nitrogen cycling. Specifically, 1) soil microbes were highly responsive to carbon supply
at low soil temperatures, 2) winter microbes actively mineralized and took up nitrogen nutrients, and 3)
the synergetic relationship was formed, in which soil microbes receive the nutrients of litter in autumn
and convert nitrogen to more available forms to plants in winter. This study also highlights the sensitive
response of soil microbial community to the change in nutrient availability and its high resilience under
winter climate change.
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S1-4

Amazing Co-metabolic Abilities of Aerobic Ammonia
Oxidizers for Organic Micropollutant Removal in WWTPs
Qingxian Su1,2*, Anna-Ricarda Schittich2, Marlene Mark Jensen2, How Yong Ng1,3,
and Barth F. Smets2
1

National University of Singapore Environmental Research Institute, Singapore

2

Department of Environmental Engineering, Technical University of Denmark, Denmark

3

Centre for Water Research, Department of Civil & Environmental Engineering, National University of Singapore, Singapore

Enhanced biotransformation of organic micropollutants (OMPs) observed during biological nitrogen
removal in wastewater treatment plants (WWTPs) is often attributed to the co-metabolic activity of
ammonia oxidizing bacteria (AOB) through their key enzyme, ammonia monooxygenase (AMO).
However, the exact mechanisms of OMP biotransformation by AOB remain unclear. This study aims to
fundamentally and quantitatively evaluate the role of ammonia oxidation in OMP biotransformation in
WWTPs.
OMPs can be transformed by AOB via direct and indirect enzymatic reactions: AMO directly transforms
OMPs primarily via hydroxylation, while biologically produced reactive nitrogen species (hydroxylamine
(NH2OH), nitrite (NO2−) and nitric oxide (NO)) can chemically transform OMPs through nitration,
hydroxylation and deamination and can contribute significantly to the observed OMP transformations.
Higher OMP biotransformation efficiencies and rates are obtained in AOB-dominant microbial
communities, especially in autotrophic reactors performing nitrification or nitritation, than in
non-AOB-dominant microbial communities. The biotransformations of OMPs in WWTPs can often be
linked to ammonium (NH4+) removal following two central lines of evidence: (i) similar transformation
products (i.e. hydroxylated, nitrated and desaminated TP) are detected in wastewater treatment systems
as in AOB pure cultures; (ii) consistency in OMP biotransformation (rbio, µmol/g VSS/d) to NH4+ removal
(rNH4+, mol/g VSS/d) rate ratios (rbio/rNH4+) are observed for individual OMPs across different systems with
similar rNH4+ and AOB abundances. Therefore, AOB could be the main driver of OMP biotransformation
during biological nitrogen processes. The results will improve the prediction of OMP transformation and
facilitate the design of efficient OMP removal strategies in WWTPS.
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Dual Energy Metabolism of Methylovirgula thiovorans:
Methanotrophy and Thiotrophy
Joo-Han Gwak1, Samuel Imisi Awala1, Ngoc-Loi Nguyen1, Woon-Jong Yu1, Hae-Young Yang1, Martin
von Bergen2,3, Nico Jehmlich2, K. Dimitri Kits4, Alexander Loy4, Peter F. Dunfield5,
Christiane Dahl6, Jung-Ho Hyun7, and Sung-Keun Rhee1*
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Various reduced organic and inorganic compounds produced in anoxic zones reach to the oxic-anoxic
interface, and this possibly affects methane cycling in wetlands. The sulfur cycle on wetlands plays an
important role in methane production and emission into the atmosphere. Here we report on the
isolation of a new aerobic methanotrophic bacterium, “Methylovirgula thiovorans” strain HY1, which
possesses metabolic capabilities never before found in any methanotroph. Most notably, strain HY1 is
the first bacterium shown to aerobically oxidize both methane and reduced sulfur compounds for
growth. Genomic analysis indicates that strain HY1 harbors a full repertoire of genes enabling respiratory
methane and sulfur oxidation including genes for CO2 fixation. Methane and thiosulfate were
independently and simultaneously oxidized to support growth of strain HY1. Proteomic and
microrespiratory analysis indicate that the metabolic pathways for methane and thiosulfate oxidation
were induced in the presence of their substrates. This study revealed that methanotrophy and
thiotrophy can be compatible in a single microorganism which provides a new insight into interactions of
methane and sulfur cycles in oxic-anoxic interface environments.
[This work was supported by NRF grants funded by the Korean government (2020R1A6A1A06046235)
(Ministry of Education) and (2021R1A2C3004015) (Ministry of Science and ICT)]
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Effects of Fish Farming on Benthic Bacterial Communities and
Sediment Biogeochemistry: A Study on Microbiological
Proxies for Environmental Assessment
Ayeon Choi1,2, Tae Kwon Lee3, Hyeyoun Cho2, Won-Chan Lee4, and Jung-Ho Hyun2*
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The fish farm sediments are characterized by high organic loading resulting from uneaten fish feed and
feces, which accelerates anaerobic organic carbon (OC) oxidation such as sulfate reduction (SR). To
accurately understand the environmental impact of aquaculture, it is important to identify the
biogeochemical processes and microorganisms involved in the oxidation of OC in farm sediments. The
purpose of this study is to elucidate shifts in major bacterial communities and biogeochemical processes
across fish farming stages and to reveal suitable microbiological proxies for the environmental
assessment. The rate of SR and the concentrations of its metabolites, acid volatile sulfide (AVS) and H2S,
were significantly higher at the mid- and post-farming stages than at the early stage, indicating that the
aquaculture effects persist even after harvest. Incomplete OC oxidizing sulfate-reducing bacteria (SRB),
and gammaproteobacterial sulfur-oxidizing bacteria (SOB) were dominant during the early stage,
whereas fermenting bacteria and complete OC oxidizing SRB, and epsilonproteobacterial SOB dominated
during the mid- and post-stages. Especially, the Sulfurovum-like SOB correlated highly and positively with
H2S, AVS suggesting that they could be relevant microbiological proxies to assess sulfidic conditions in
farm sediment.
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Microorganism on Marine Plastic Debris: the Potential
Ecological Effects of Plastisphere
Ying-Ning Ho1,2* and Yu-Ling Chen1
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2
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Large amounts of plastic waste enter into the oceans as macroscopic litter and microplastic particle
every year. Plastic waste has caused negative effects on the marine living organisms and environments.
According to a scientific estimation, between 4.8 and 12.7 million tons of plastic waste enter the ocean
every year from river due to mismanagement. This phenomenon is the most serious in East Asia and
Pacific. Due to the non-decomposability of plastic waste, plastic debris in the marine environment are
very likely to become new vehicles/vectors for facilitating microbial dispersal and pollutants. The novel
habitat of microorganisms, we called the “plastisphere”, which is a new marine ecosystem comprises the
microbial community (such as bacteria, fungi, diatom and virus) on plastic debris, and could be
considered as a marine invasion of microorganisms. Could the emerging contaminants, plastic debris be
as vectors to spread invasive microorganisms to effect regional ecology? Do microbes on the surface of
plastic debris (odors from plastisphere) alter the behavior and attract sea animals? It is very worth to
investigate. In this study, we collected marine plastic debris samples and seaweeds (Sargasso) from
northeast coast of Taiwan (25°08'123"N, 121°49'755"E). For evaluation of the potential effects of
plastisphere-associated microbes, we collected the plastic debris (trapped plastic debris in seaweed
ecosystem) and then used the Oxford Nanopore Technologies for total DNA sequencing, and analyzing
the microbial community (bacteria and fungi) of plastisphere ecosystem. Results show that some risk
pathogens can exist on the surface of plastic debris and seaweeds in the plastic-seaweed ecosystem.
Some opportunistic pathogens such as Vibrio spp. (including V. harveyi, and V. parahaemoluticus),
Candida spp. (Candida albicans, and C. tropucalis) and virus (Taterapox virus and Ectromeloa virus) could
be found in plastisphere.
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The OceanDNA MAG Catalog: an Unprecedented-scale
Genome Resource of Marine Prokaryotes
Yosuke Nishimura1* and Susumu Yoshizawa1,2
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Marine microorganisms are immensely diverse and play fundamental roles in global geochemical
cycling. Recent metagenome-assembled genome studies, with special attention to large-scale projects
such as Tara Oceans, have expanded the genomic repertoire of marine microorganisms. However,
published marine metagenome data has not been fully explored yet. We collected 2,057 marine
metagenomes (>29 Tera bps of sequences) covering various marine environments and developed a new
genome reconstruction pipeline, including decontamination processes of preliminary genome bins. We
reconstructed 52,325 qualified genomes composed of 8,466 prokaryotic species-level clusters spanning 59
phyla, including genomes from deep-sea deeper than 1,000 m (n=3,337), low-oxygen zones of <90  mol O2
per kg water (n=7,884), and polar regions (n=7,752). Novelty evaluation using a genome taxonomy
database shows that 6,256 species (73.9%) are novel and include genomes of high taxonomic novelty
such as new class candidates. These genomes collectively expanded the known phylogenetic diversity of
marine prokaryotes by 34.2% and the species representatives cover 26.5–42.0% of prokaryote-enriched
metagenomes. This genome resource, named the OceanDNA MAG catalog, is available as an
unprecedented-scale genome resource of marine prokaryotes that facilitates characterization of
microbial ‘dark matter’ lineages and elucidation of yet unsolved questions of marine microbial
ecosystems.
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Community-wide Epigenetics Provides Novel Perspectives on
the Ecology and Evolution of Marine Microbiome
Hoon Je Seong1, Simon Roux2, Chung Yeon Hwang3, and Woo Jun Sul1*
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DNA methylation in prokaryotes is involved in many different cellular processes including cell cycle
regulation and defense against viruses. To date, most prokaryotic methylation systems have been studied
in culturable microorganisms, resulting in a limited understanding of DNA methylation from a microbial
ecology perspective. Here, we analyze the distribution patterns of several microbial epigenetics marks in
the ocean microbiome through genome-centric metagenomics across all domains of life. We show that
overall, DNA methylation can readily be detected across dominant oceanic bacterial, archaeal, and viral
populations, and microbial epigenetic changes correlate with population differentiation. Furthermore,
our genome-wide epigenetic analysis of Pelagibacter suggests that GANTC, a DNA methyltransferase
target motif, is related to the cell cycle and is affected by environmental conditions. Yet, the presence of
this motif also partitions the phylogeny of the Pelagibacter phages, possibly hinting at a competitive
co-evolutionary history and multiple effects of a single methylation mark.
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Prebiotic Effects of Symbiotic, 2’-Fucosyllactose and
Bifidobacterium, Analyzed by In Vitro Gut Model
Dong Hyeon Lee, Hyunbin Seong, and Nam Soo Han*
Brain Korea 21 Center for Bio-Health Industry, Department of Food Science and Biotechnology,
Chungbuk National University, Republic of Korea

Human milk oligosaccharides reach distal colon, collectively modify the gut microbiota, and show
various health functions. In this study, we developed synbiotics with 2’-fucosyllactose (2’-FL) and
Bifidobacterium sp. W1, and analyzed their prebiotic effects on human intestinal microbiota. Among the
various Bifidobacterium isolates, the W1 strain could grow using 2’-FL as carbon source and it was stable
under human gastrointestinal conditions. In digestibility tests, 2’-FL was not degraded by human
digestive enzymes. In in vitro fecal fermentation test, 2’-FL and W1 increased Bifidobacteria in genus level
and 2’-FL produced acetate and lactate and, less trimethylamine than FOS. Analysis of these results
indicated that 2’-FL and W1 played a synbiotic role by the stimulation of probiotics in gut, producing the
health promoting metabolites, and preventing the production of secondary bile acid precursor.
Furthermore, when prebiotic effect of 2’-FL was evaluated using gut microbiome health index score, it
showed high prebiotic index value as much as commercial prebiotics. This study demonstrates that both
2’-FL and Bifidobacterium sp. W1 can be used as synbiotic to promote gut health as prebiotic and
probiotic.
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Biodiversity and Molecular Mechanisms Involved in Sex
Steroid-mediated Microbe-host Interactions
Yin-Ru Chiang
Biodiversity Research Center, Academia Sinica, Taipei, Taiwan

Gut microbiota has been considered a major regulator of sex steroids metabolism in mammals,
although the corresponding mechanisms and bacterial taxa remain elusive. Thauera sp. strain GDN1 can
anaerobically catabolize major androgens at 37°C and pH 6.0, similar to conditions occurring in mammal
guts. Here, we gavaged mice with strain GDN1, and monitor the colonization and androgen catabolic
activity of strain GDN1 in mouse gut. We detected apparent increase in strain GDN population in mouse
feces during continuous administration (twice per week). Four weeks after the first oral administration,
we detected the anaerobic androgenic metabolite 17  -hydroxy-1-oxo-2,3-seco-androstan-3-oic acid
(2,3-SAOA) in the fecal extracts, along with the colonization and the expression of the corresponding gene
atcA in mouse cecum. The ELISA and metabolite profile analysis indicated an apparent reduction
(approximately 49%) of serum androgen level in GDN1-gavaged male but not in female mice. Noticeably,
we did not detect the oxygenolytic ring-cleavage product of androgen in mouse fecal extracts, although
the androgen catabolic oxygenase gene kshA was expressed in mouse cecum. Our data thus indicate the
important role of anaerobic androgen catabolism and the corresponding gut microbes in the regulation of
host circulating androgen.
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Variation of the Gut Microbiome across the Whole Life in Mice
Lena Takayasu1,2
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Gut microbiome is known to be individual-specific while it varies over time in various timescales.
Though many studies previously clarified the gut microbiome difference between different age groups, it
is still largely unknown how the gut microbiome is varied throughout the individual life and how it affects
the individual dysfunctions and lifespan. We longitudinally analyzed gut microbiomes of nonuplet and
parents mice in average 4.3 day interval and observed diverse phenotypes and related transition of gut
microbiomes though they shared the common genetical background. We also found strong association
with lifespan in alpha-diversity, and 17 OTUs dynamics. Most of these OTUs were “life-core” microbes
that observed in most of the timepoints of life. This study implies the possibility of deep association
between lifespan and the dynamics of alpha-diversity or life-core microbiomes’ abundance, and will lead
the future control of human health based on gut microbiome monitoring.

36 | www.asme2022.com

Symposium [S3]: Probiotics and Prebiotics

S3-4

Neuroprotective Effects of Probiotics on an Animal Model of
Parkinson’s Disease by Modulating the Gut-brain Axis
Hak-Jong Choi
Kimchi Functionality Research Group, World Institute of Kimchi, Republic of Korea

Parkinson’s disease (PD) is one of neurodegenerative disease, characterized by loss of dopaminergic
neurons and motor deficits such as tremor, rigidity, and slow movement. Recent studies have shown that
pathogenesis of PD is closely related to the bidirectional communication in the gut-brain axis, and
probiotics may inhibit PD progression via modulation of the gut-brain axis. In this study, we investigated
the neuroprotective effects of probiotic strains isolated from kimchi in PD a mouse model induced by
1-methyl-4-phenyl-1,2,3,6-tetrathydropyridine (MPTP). MPTP treatment generated significant motor
deficit, dopaminergic neuronal death, striatal dopamine reduction, and neuroinflammation. In contrast,
administration of probiotics for 4 weeks in advance MPTP injection significantly alleviated the motor
deficit analyzed by rotarod performance test and forelimb grip strength test. We also found that
probiotics protected against impairment of tyrosine hydrolase-positive neurons and attenuated
microglial proliferation, and astrocyte reactivity in the substantia nigra pars compacta following MPTP
treatment. Furthermore, intake of probiotics recovered a non-motor symptom including depression and
anxiety analyzed by open field test. In conclusion, probiotics isolated from kimchi could prevent MPTP
induced-motor deficits, dopaminergic neuron loss, and neuroinflammation. These results highlight the
role of probiotics for brain health, and their potential usage for prevention of neurodegenerative
diseases such as PD.
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Application of Machine Learning Techniques to Predict Short
Chain Fatty Acid Production by Gut Microbiota
Hokyung Song1, Dabin Jeon2, and Tatsuya Unno1,2*
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Thanks to the development and improvement of DNA sequencing techniques, the accumulation rate
of microbiome data is faster than ever before. Machine learning has been proposed as a powerful tool for
making useful predictions in various study fields, but yet there are limited number of studies which
applied machine learning in biological sciences. In this study, we collected feces samples from 10 healthy
adults and conducted an in vitro gastrointestinal digestion and fecal fermentation experiment with 9
different prebiotics. After fermentation, we identified the gut microbiome and assessed the amount of
short chain fatty acids in the samples. Seven different machine learning algorithms (random forest,
XGBoost, lasso, ridge, elastic-net, support vector machine, and k-nearest neighbor) were applied to
predict the amount of short chain fatty acids based on the gut microbial composition in each sample.
Overall, we were able to get well-performing models in which the correlation coefficients between
predicted and observed amount of short chain fatty acid were as high as 0.6. Feature importance in the
random forest models indicated Bifidobacterium as the most important genus for predicting the amount
of acetate, Megamonas for propionate, and Faecalibacterium for butyrate all of which are well-known
producers of short chain fatty acid. The results from this study can be applied to probiotics study to find
the best combination of gut microbes helpful for human.
[Supported by IPET]
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Microbial Community Composition and Structure in
Sediments from Mercer Subglacial Lake, West Antarctica
Brent Christner1*, Christina Davis1, and the SALSA Science Team2
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Ice streams flowing into the Ross Ice Shelf are underlain by a ~kilometer-deep sedimentary basin, a
dynamic and evolving hydrological storage system, and lake districts that discharge water and nutrients
across grounding zones of the West Antarctic Ice Sheet (WAIS). Paleoglaciological data indicate that past
retreat of the ice sheet introduced marine water and organic matter to this region as recently as 6.3 ± 1.0
ka, with open ocean conditions over this region occurring during the Oligocene and Miocene. In this
study, we used sediment cores recovered from Mercer Subglacial Lake (SLM) to examine the microbes
and extracellular polymeric substances (EPS) associated with four lithologic units identified in the 2.03 m
composite profile. Multivariate analyses revealed that concentrations of dissolved methane and oxygen,
total organic carbon, iron sulfides, and Fe(III) minerals are significant predictors of taxon abundance and
community composition. The most abundant taxa in the sediment units are related to obligately aerobic
and facultatively anaerobic taxa capable of oxidizing reduced nitrogen, sulfur, and/or iron compounds
with oxygen, nitrate, or Fe(III) as electron acceptors. Nevertheless, δ¹³C values for EPS of -25 to -30‰
indicate that sedimentary organic carbon is the major source of carbon for microbial biomass in the
sediments. Comparison of the SLM sediment community to those sampled under an adjacent ice stream
(Whillans Subglacial Lake) and near the marine grounding zone unearthed evidence for a subglacial
metacommunity that is hydrologically, ecologically, and evolutionary linked through ice sheet behavior
and the subglacial transport of microbes, water, and sediment beneath the WAIS. As such, the
contemporary biodiversity and productivity of these hydrologically-active subglacial environments
appear linked to prior periods of marine exposure and the metabolic energy sources available (i.e., from
the mineralization of relict marine organic matter and reduced inorganic compounds liberated through
interactions between ice, rock, water, and sediments).

40 | www.asme2022.com

Symposium [S4]: Living at the Extremes

S4-2

Metagenomics Analysis Reveals Microbial Life and Their Roles
in Biogeochemical Cycling in Lake Bonney of the Dry Valleys,
Antarctica
Hanbyul Lee1, Kyuin Hwang1, Ahnna Cho1, Soyeon Kim1, Jade Lawrence2, John Priscu3,
Kyung Mo Kim1, and Ok-Sun Kim1*
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Lake Bonney is a perennially ice-covered lakes located in the McMurdo Dry Valleys, Antarctica, which
is divided by west lobe (WLB) and east lobe (ELB) connected by a narrow channel. Here, we applied geneand genome-centric approaches to reconstruct microbial metabolic processes along with depth gradient
in Lake Bonney. The physicochemical properties indicated that the Lake Bonney is chemically stratified
and divided into three distinct structures depending on the oxygen and nutrient concentrations. The
upper oxic water was driven by autotrophic processes including photosynthesis and CO oxidation. On the
other hand, genomic capacity for nitrogen and sulfur cycling was abundant from the anoxic bottom water
of both lobes. Metabolisms were relatively more active in bottom of WLB fed organics and other metallic
compounds by Blood Falls, leading to different nutrient and microbial profiles in bottom of WLB. The
metagenomics also revealed distinct adaptation strategies to cold and hypersaline stress. Virgibacillus sp.
predominantly detected at 30 m depth in ELB with salinity above 160 PSU and showed diverse adaptation
strategies possessing genes related to osmoprotectent transport systems, cold-shock proteins, and
spore forming. Overall, our study provides new insight about the biogeochemical cycling in ice-covered
lake, an extreme environment and reveal the effective adaptation strategy of microorganisms and their
ecological roles.
[Supported by grants from KOPRI (PE22130)]
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Laboratory Cultivation Provided Insight into the Symbiotic
Lifestyle of DPANN Archaea
Hiroyuki D. Sakai1,2*, Naswandi Nur3, Shingo Kato2, Masahiro Yuki2, Michiru Shimizu2, Takashi Itoh2,
Moriya Ohkuma2, Antonius Suwanto4, and Norio Kurosawa1
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Decades of culture-independent analyses have resulted in proposals of many tentative prokaryotic
phyla with no cultivated representative. Members of DPANN, an archaeal superphylum composed of at
least 10 of these tentative phyla, are generally considered obligate symbionts dependent on other
microorganisms. While many metagenome-assembled genomes from DPANNs are available and their
biological functions have been considerably predicted, only a few examples of their laboratory cultivation
have been reported, limiting our knowledge of their symbiotic lifestyles. Recently, we established a new
host-DPANN coculture system composed of “Candidatus Micrarchaeota” strain ARM-1 and Metallosphaera
sp. AS-7, and investigated its characteristics by cultivation. Most importantly, we revealed that ARM-1
grew on five different archaeal species as a host, suggesting the existence of DPANN archaea that can
grow by relying on a range of hosts. Similar to previous reports, genomic analyses showed that ARM-1
has a limited metabolic capacity, indicating its obligate dependency on other organisms. Our observation
sheds light on the symbiotic lifestyles of DPANN archaea and will contribute to the elucidation of their
biological/ecological functions.
[This work was supported by the JSPS Grants (18J10039, 19H05679, 19H05689, 21K15153), a research
grant from the Institute for Fermentation, Osaka, Japan (Y-2020-2-032), and a grant for International
Collaboration Research, Soka University (Y2015-2016)]
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Cross-feeding Interactions within Anaerobic Microbial
Communities Respiring Chloroform
Po-Hsiang Wang
Graduate Institute of Environmental Engineering, National Central University, Taiwan

Microbes in ecosystems often develop coordinated metabolic interactions. Therefore, understanding
metabolic interdependencies between microbes is critical to deciphering ecosystem function. In this study,
metabolic interdependencies in organohalide-respiring consortium ACT-3 containing Dehalobacter
restrictus were elucidated using a combination of metabolic modeling and experimental validation. D.
restrictus possesses a complete set of genes for amino acid biosynthesis yet when grown in isolation
requires amino acid supplementation. We reconciled this discrepancy using flux balance analysis
considering cofactor availability, enzyme promiscuity, and shared protein expression patterns for several
D. restrictus strains. Experimentally, 13C incorporation assays, growth assays, and metabolite analysis of
D. restrictus strain PER-K23 cultures were performed to validate the model predictions. The model
resolved that the amino acid dependency of D. restrictus resulted from restricted NADPH regeneration
and predicted that malate supplementation would replenish intracellular NADPH. Interestingly, we
observed unexpected export of pyruvate and glutamate in parallel to malate consumption in strain
PER-K23 cultures. Further experimental analysis using the ACT-3 transfer cultures suggested the
occurrence of an interspecies malate-pyruvate shuttle reconciling a redox imbalance, reminiscent of the
mitochondrial malate shunt pathway in eukaryotic cells. Altogether, this study suggests that redox
imbalance and metabolic complementarity are important driving forces for metabolite exchange in
anaerobic microbial communities.
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Physiological and Metabolic Characteristics of a Novel
Sulfur-disproportionating Bacterium Isolated from
a Deep-sea Hydrothermal Vent Chimney at the Suiyo
Seamount, Japan
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Deep-sea hydrothermal systems are extreme environments characterized by dynamic physicochemical
conditions formed by the mixing of reducing hydrothermal fluid with oxidizing cold seawater. Inorganic
sulfur compounds represent an abundant energy source for diverse sulfur-utilizing microorganisms.
Compared with sulfur-oxidizing and -reducing bacteria, the physiological and metabolic diversity of
sulfur-disproportionating bacteria has been poorly investigated, because of their fastidious nature. To
date, only three sulfur-disproportionating bacteria have been isolated from deep-sea hydrothermal
systems. This study was undertaken to elucidate the physiological and metabolic characteristics of
sulfur-disproportionating bacteria in deep-sea vents.
A novel mesophilic, strictly anaerobic, chemolithoautotrophic sulfur-disproportionating, sulfatereducing bacterium was isolated from a hydrothermal chimney structure collected from the Suiyo
Seamount in the Izu-Bonin Arc, Japan. Molecular and physiological analysis revealed that the isolate was
novel at the genus level in the class Deltaproteobacteria. Comparative proteomic approach was used to
investigate differences in the proteomic profile between thiosulfate-disproportionating and hydrogenoxidizing, sulfate-reducing cells. Several proteins with unknown functions were found to be unique and
abundant in thiosulfate-disproportionating cells, indicating the possible involvement in a novel thiosulfate
disproportionation pathway in the isolate. These results provide a framework for future biochemical
studies of the uncharacterized sulfur metabolism.
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Digestive Tract Microbes of the Coconut Rhinoceros Beetle
(Oryctes rhinoceros)
Matan Shelomi
Department of Entomology, National Taiwan University, Taiwan

Oryctes rhinoceros is a notorious pest on Arecaceae plants, especially oil, areca, and coconut palms.
Their larvae consume mostly wood, suggesting they should have specific enzymes to digest the cell wall
components, possibly synthesized by symbiotic microbes living in their digestive systems. These
symbionts could be obligate symbionts conserved within the species, or facultative symbionts picked up
from the environment. This study is the largest ever survey of O. rhinoceros gut microbes, comparing
specimens from across Taiwan feeding on different diets. Culturing and molecular methods were used to
analyze the gut microbiome. Many of the cultured microbes were cosmopolitan species like Citrobacter
koseri, Bacillus cereus, and an unidentifiable Enterobacteriaceae, some of which were cellulolytic.
The most common and abundant species in the molecular data were in the orders Clostridia and
Actinobacteria. A putative Actinobacteria was also visible in electron micrographs forming a biofilm along
the gut. The significant differences in beta diversity at different locations suggests the Oryctes rhinoceros
gut content microbiome is not conserved: a variety of microbes can successfully colonize the gut. An
unidentifiable, corkscrew-shaped, endocellular microbe was observed in electron micrographs of the gut
tissue. Future work will examine O. rhinoceros beetles in other countries.
[This work supported by the Ministry of Science and Technology, Taiwan, Grant Number
MOST-109-2311-B-002-016-MY3.]
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Omics in Animal Gut Microbiome Analysis
Tae Woong Whon1, Hyun Sik Kim2, and Jin-Woo Bae2*
1

Kimchi Functionality Research Group, World Institute of Kimchi, Republic of Korea
2

Department of Biology, Kyung Hee University, Republic of Korea

Our understanding of the interactions between microbial communities and their niche in the host gut
has improved owing to recent advances in environmental microbial genomics. Here, we show studies
that have explored the gut microbiome signature in economic animals using omics approaches. First, we
use metataxonomic and metabolomic approaches to evaluate the intestinal microbiota and host
metabolism in male, castrated male (CtM), and female cattle. After pubescence, the CtM cattle harbor
distinct ileal microbiota dominated by the family Peptostreptococcaceae, and exhibit distinct serum and
muscle amino acid profiles (i.e., highly abundant branched-chain amino acids), with increased extra- and
intramuscular fat storage. We also evaluate the causative factor(s) that underpin the alteration of the
intestinal microbiota and host metabolic phenotype in response to hypogonadism. Castration of male
mice phenocopies both the intestinal microbial alterations and obese-prone metabolism observed in
cattle. Second, we describe the ability of a fecal microbiota transplantation (FMT), to ameliorate diarrhea
and restore gut microbial composition in 57 growing calves. We conducted multi-omics analyses of 450
longitudinally collected fecal samples and found that FMT-induced alterations in the gut microbiota (an
increase of the family Porphyromonadaceae) and metabolomic profile (a decrease in fecal amino acid
concentration) strongly correlated with the remission of diarrhea. During the continuous follow-up study
over 24 months, we found that FMT further improved the growth performance of the cattle.
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Single-cell Genomics for Uncultured Animal Gut Microbes
Masahito Hosokawa1,2,3,4,5
1

Research Organization for Nano and Life Innovation, Waseda University, Japan

2

Computational Bio Big-Data Open Innovation Laboratory, National Institute of Advanced Industrial
Science and Technology, Japan
3

bitBiome, Inc., Japan

4

Department of Life Science and Medical Bioscience, Waseda University, Japan

5

Institute for Advanced Research of Biosystem Dynamics, Waseda Research Institute for Science and Engineering, Japan

A wide variety of microbes exist in various natural environments, including the sea, soil, and animal
intestines. However, most of them are uncultivated microbes that have not been isolated and cultured,
and there are many challenges in understanding their characteristics. We have developed single-cell
genome sequencing technology as a powerful tool for studying such uncultured microbes. Single-cell
genome sequencing enables us to obtain genomic information of diverse microbial populations
individually, which is difficult with conventional metagenomic analysis such as rare microbes or microbes
with closely related species. It can be used for a variety of studies, including metabolic analysis, screening
of functional genes, and identification of useful chemical synthetic pathways. In addition, the acquired
genome can be subjected to detailed comparative analysis at the strain level to discover differences
among bacterial strains of individual hosts. By taking advantage of these characteristics, it is possible to
describe the functions of each microbe one by one. We are currently attempting to use this technology
to create a genome catalog for each microbe in the gut and environmental microbiome research. In this
talk, I will introduce single-cell genome sequencing technology using microfluidic devices and integrated
metagenomics and single-cell analysis methods.
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Ruminal Microbiome: Opportunities to Improve Ruminant
Production with Less Environmental Outputs
Tansol Park
Department of Animal Science and Technology, Chung-Ang University, Republic of Korea

The rumen microbiota plays an important role in providing the majority of the energy and nutrients
required by ruminants. This rumen microbiota consists of several distinguished anaerobic microbial
guilds (bacteria, archaea, fungi, and protozoa) which interact with each other to digest complex dietary
compositions including recalcitrant dietary fibers. To better understand this multi-kingdom rumen
microbiota and manage their populations to improve their contributions to rumen functions,
comprehensive microbiome analysis is necessary. Numerous dietary and other types of interventions
have been tried to improve the ruminant production with less environmental effects. Methane
production and limited nitrogen utilization efficiency of ruminant production have been blamed for
contributing the global warming and environmental pollution. However, due to the nature of resilient
and redundant rumen microbiome and its host dependency makes redirection of the ecosystem rather
challenging. Still there are some chances to modulate immature gut microbiome of young calves before
weaning mostly by rumen and fecal microbiota transplantation. Rumen-microbiome-specific analytic
pipelines will suggest proper biomarkers to be modulated to improve the feed efficiency with less
environmental outputs for sustainable ruminant production.
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Independent Host- and Bacterium-based Determinants
Protect a Model Symbiosis from Phage Predation
Jonathan B. Lynch1,2, Brittany D. Bennett1,3, Bryan D. Merrill4, Edward G. Ruby1,
and Andrew J. Hryckowian5,6*
1

Pacific Biosciences Research Center, University of Hawaii at Manoa, USA

2

Department of Integrative Biology and Physiology, University of California, Los Angeles, USA
3

Department of Biological Sciences, University of Southern California, USA

4

Department of Microbiology & Immunology, Stanford University School of Medicine, USA

5

Department of Medicine University of Wisconsin School of Medicine and Public Health, USA

6

Department of Medical Microbiology & Immunology, University of Wisconsin School of Medicine and Public Health, USA

Bacteriophages (phages) are diverse and abundant constituents of microbial communities worldwide,
capable of modulating bacterial populations in diverse ways. Here we describe the phage, HNL01, which
infects the marine bacterium Vibrio fischeri. We use culture-based approaches to demonstrate that
mutations in the exopolysaccharide locus of V. fischeri render this bacterium resistant to infection by
HNL01, highlighting the extracellular matrix as a key determinant of HNL01 infection. Additionally, using
the natural symbiosis between V. fischeri and the squid Euprymna scolopes, we show that during
colonization, V. fischeri is protected from phage present in the ambient seawater. Taken together, these
findings shed light on independent yet synergistic host- and bacterium-based strategies for resisting
symbiosis-disrupting phage predation, and we present important implications for understanding these
strategies in the context of diverse host-associated microbial ecosystems.
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Microbiomes Reducing Odorous Compounds in a Full-scale
Swine Manure Pit Recharge System
Tae-Hoon Kim and Yeo-Myeong Yun*
Department of Environmental Engineering, Chungbuk National University, Republic of Korea

A pit-recharge system (PRS) with recirculation of aerobically treated liquid fertilizer (ATLF) is one of
practical ways not only for reducing odorous compounds but also producing nutrient-rich liquid fertilizer
during storage of livestock manure. However, the biological mechanisms for the reduction of those
undesirable matters in the PRS remain poorly understood. This study verified that some beneficial
microorganisms were successfully established in the PRS by recirculating the ATLF, thereby enhancing
biodegradation of organic matter while reducing odorous compounds during the storage of swine-manure
slurry. Lower concentrations of organic acid and NH3 were mainly achieved by aerobic microorganisms
and methane-producing microorganisms in the PRS. However, the increased H2S in the PRS was found,
which was supported by an increase in the abundance of sulfate reducing bacteria. To the authors’ best
knowledge this is the first study comprehensively analyzing dynamics of microbiomes associated with the
reduction of odorous compounds in the PRS following recirculation of ATLF. The finding of this study may
help better understanding microbial insight into PRS and can facilitate microbial management at the PRS.
[This work was supported by Korea Institute of Planning and Evaluation for Technology in Food,
Agriculture, Forestry and Fisheries (IPET) through Livestock Industrialization Technology Development
Program, funded by Ministry of Agriculture, Food and Rural Affairs (MAFRA)(321088052SB010)]
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Modulating Comammox and Anammox Bacteria for Treating
Low-strength Ammonium Wastewater
Jer-Horng Wu* and Yung-Hsien Shao
Department of Environmental Engineering, National Cheng Kung University, Taiwan

Bacteria capable of complete nitrification (comammox) are prevalent in wastewater treatment facilities.
As an ammonia oxidizer, its ability to co-work with anammox bacteria for converting ammonium to
dinitrogen remains unclear. In this study, a complete-mixing bioreactor fed with ammonium as sole
substrate was operated under hypoxic conditions for partial nitritation and anammox along with
elevated ammonium loadings. The metagenomic analysis detected diverse ammonia oxidizers, including
Nitrosomonas, comammox Nitrospira, and novel Chloroflexi spp., as well as Ca. Jettenia and Brocadia.
These bacteria with varied oxygen affinity underwent substantial population dynamics corresponding
with oxygen-limiting conditions in reactor operation. High nitrogen removal efficiencies (70.1% ± 2.7%)
were achieved only in the context of comammox and anammox bacteria dominating the system at a low
ammonium loading of 35.2 mg-N/L/day. High-throughput amplicon sequencing analysis of the
comammox ammonia monooxygenase subunit A (amoA) gene revealed seven sequence types from two
clusters in the clade A of comammox Nitrospira. Multiple linear regression further revealed the substantial
contribution of the comammox Nitrospira to ammonia oxidation in the bioreactor. The investigation with
bioreactor and batch experiments consistently showed that activities of comammox Nitrospira were
inhibited by free ammonia far more severely than other ammonia-oxidizing microbes. Moreover, the
nitrite-oxidizing gene expression of Nitrospira was inhibited at the ammonia concentration, where the
expression of ammonia-oxidizing amoA and anammox hydrazine synthase gene (hzsA) remained active.
Overall, this study provided new insight into the ecology of comammox Nitrospira under hypoxic
conditions and suggested comammox-associated partial nitritation–anammox as a potential method for
treating low-strength ammonium-containing wastewater.
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Wastewater-based Epidemiology: Genetic Signal of Viruses in
Urban Sewer Illuminates Community-level Disease
Prevalence and Dynamics
Masaaki Kitajima
Division of Environmental Engineering, Faculty of Engineering, Hokkaido University, Japan

Wastewater-based epidemiology (WBE) has attracted attention as a COVID-19 surveillance tool. This
presentation will cover the usefulness of WBE and methodologies for the detection, quantification, and
genetic analysis of SARS-CoV-2 (the etiological agent of COVID-19) and its variants in wastewater. We
have carried out proof-of-concept studies at wastewater treatment plants located in several major cities
in Japan, which demonstrated that SARS-CoV-2 genetic signal in wastewater could be an indicator of
actual prevalence and molecular epidemiology of SARS-CoV-2 in a city. We also implemented WBE in the
Tokyo 2020 Olympic and Paralympic Village to better understand COVID-19 incidence, and the WBE data
were used as one of the indicators to support judgement of the need for enhanced infection prevention
measures. Our results have collectively indicated that WBE could be a useful tool to monitor the
prevalence and dynamics of COVID-19 in a community.
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Insights into the Microbial Ecology of Nitrifying Bacteria in
Marine Recirculating Trickling Biofilter Reactors
Mamoru Oshiki1,2*, Hirotoshi Netsu2,3, Kyohei Kuroda4, Takashi Narihiro4, Naoki Fujii5,
Tomonori Kindaichi5, Yoshiyuki Suzuki2, Takashiro Watari3, Masashi Hatamoto3,
Takashi Yamaguchi6, Nobuo Araki2, and Satoshi Okabe1
1

Division of Environmental Engineering, Faculty of Engineering, Hokkaido University, Japan

2

Department of Civil Engineering, National Institute of Technology, Nagaoka College, Japan

3

Department of Environmental Systems Engineering, Nagaoka University of Technology, Japan

4

Bioproduction Research Institute, National Institute of Advanced Industrial Science and Technology (AIST), Japan

5

Department of Civil and Environmental Engineering, Graduate School of Engineering, Hiroshima University, Japan
6

Department of Science of Technology Innovation, Nagaoka University of Technology, Japan

Aerobic ammonia (NH3) and nitrite (NO2-) oxidation reactions are fundamental biogeochemical
reactions contributing to the global nitrogen cycle. Although aerobic NO2- oxidation yields >5-folds less
Gibbs free energy (ΔGr) than aerobic NH3 oxidation, nitrite-oxidizing and not ammonia-oxidizing
Nitrospira (sublineage IV) outnumbered ammonia-oxidizing Nitrosomonas (relative abundance; 53.8%
and 7.59%, respectively) in the NH4+-feeding marine recirculating trickling biofilter rectors. Growth yields
during aerobic NH3 or NO2- oxidation were 0.077 µmol-14CO2/µmol-NH3 and 0.053 to 0.054 µmol-14
CO2/µmol-NO2-, respectively, and the difference between NH3 and NO2- oxidation was much smaller than
the difference of ΔGr. Free-energy efficiency of NO2- oxidation was higher than NH3 oxidation (36–37% and
14%, respectively), and high growth yield and free-energy efficiency were a determinant for the
dominance of Nitrospira over Nitrosomonas. Washout of Nitrospira and Nitrosomonas from the trickling
biofilter reactors was also examined by quantitative PCR assay. Normalized copy numbers of
Nitrosomonas amoA was 1.5- to 1.7-folds greater than Nitrospira nxrB and 16S rRNA gene in the reactor
effluents. Nitrosomonas was more susceptible for washout than Nitrospira in the trickling biofilter
reactors, which was another determinant for the dominance of Nitrospira in the trickling biofilter
reactors.
[This work was supported by JSPS KAKENHI grant numbers; 19K05805 for M.O., 20H02290 for N.A,
20H00641 for T.Y., 19H00776 for S.O.]
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Microbial Interaction Phenotype: Determination of the Type of Bacterial-fungal
Interactions
Eun Sun Lyou and Tae Kwon Lee*
Department of Environmental and Energy Engineering, Yonsei University, Korea

Microbial interactions are inherently ubiquitous, but they’re challenging to measure and define. Most studies
identify the type of microbial interaction based on growth behavior, but the mechanism of overall interaction is
likely to be missed due to referring simple physiological information. Here, we used a membrane-based co-culturing
system to induce chemical interaction of skin-dominant bacteria and fungi, Staphylococcus, and Malassezia. We
investigated the phenotypic plasticity using Raman spectroscopy and transcriptomic profiles using RNASeq to
decide the type of their interaction. The co-culturing with Malassezia induced a significant change in the Raman
spectra by changing the intracellular components (nucleic acid, amide, and phenylalanine) of S. epidermidis,
whereas the co-culturing only caused subtle changes in S. aureus. Likewise, the expression of numerous genes,
including defense mechanisms (up) and metabolic gene cluster (down), was regulated in S. epidermidis with
Malassezia, but gene regulation was infrequent in S. aureus. Growth assessment indicated that MalasseziaStaphylococcus was commensal, and phenotypic plasticity indicates that S. epidermidis interact actively and S.
aureus passively with Malassezia. Unlike growth-based interaction assessments, an overall understanding of
single-cell phenotypic-based interaction mechanisms allows one step closer to a complete understanding of the
microbial community.
[Supported by a grant from NRF (2019R1A4A1024764)]

A002

Isolation and Characterization of Desemazia sp. Strain C1 from Oil-contaminated
Soil Producing High Amount of Hydrogen Peroxide
Yongseok Ko, Sunil Ghatge, Youri Yang, Seunghyeon Kim, and Hor-Gil Hur*
Gwangju Institute of Science and Technology, Korea

We isolated Desemzia sp. strain C1 on Prussian-blue agar plate forming a zone by reaction with ferric cyanide and
H2O2 produced from bacteria. Desemzia sp. strain C1 is classified as Desemzia genus based on phylogeny analysis.
Desemzia sp. strain C1 produced 0.23 mM H2O2 in Brain Heart Infusion (BHI) broth at 30°C under static condition,
which was four times higher than Streptococcus oralis KACC 13048T well known as H2O2 producer. Desemzia sp.
strain C1 produced notably high amount of H2O2 in the presence of 10 mM lactate compared with glucose, pyruvate,
and oxalate in the resting cell experiment (O.D.600 = 1). Desemzia sp. strain C1 produce 0.75 mM H2O2 in the resting
cell experiment (O.D.600 = 1) with 10 mM lactate, which was 3.5 times higher than S. oralis and four times higher than
in BHI culture.
Furthermore, we sequenced the whole genome of Desemzia sp. strain C1 to identify genes involved in H2O2
production and regulation. The whole genome of Desemzia sp. strain C1 contains lactate oxidase, pyruvate oxidase,
and three distinct NADH oxidase involving H2O2 production. Based on our current results, lactate oxidase is
considered as a key enzyme for H2O2 production in Desemzia sp. strain C1. In further research, we will set up
Bio-Fenton system mediated with H2O2 produced by Desemzia sp. strain C1 cells and purified lactate oxidase to
degrade recalcitrant organic contaminants.
[This study was supported by RDA and NRF.]
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Distribution of Antibiotic Resistance Genes and Microbial Community in
Agricultural Soil Treated with Swine Manure Compost and Antibiotics
Yongjin Kim, Hanseob Shin, Seunggyun Han, and Hor-Gil Hur*
School of Earth Sciences and Environmental Engineering, Gwangju Institute of Science and Technology, Korea

Using of livestock manure compost in agriculture can spread of antibiotic-resistant bacteria (ARB) and antibiotic
resistance genes (ARGs) due to residual antibiotics. Soil samples were classified two types of sandy and existing soil,
which were then non-, compost, streptomycin, and oxytetracycline treated. A total of 1152 isolates were gained and
DNA was extracted from soil samples for SmartChip analysis and next generation sequencing (NGS). Isolates that
have antibiotics resistance were identified by 16s rDNA sequencing. Identification of isolates showed that Achromobacter
was most dominant. SmartChip analysis showed that quantity of soil ARGs are highest as 0.147 copy number
normalized by 16S rDNA. Soil ARGs were clustered at significance level (p<0.05) by antibiotics treated, soil type, and
months. Microbial community was significantly different by soil type and months (p<0.05). Ornithinimicrobium
humiphilum was determined as indicator species from soil samples based on compost treatment. With the passage
of time, variation of microbial community was observed. The use of livestock manure compost can contribute to the
spread of ARB and ARGs, so efficient control is required.
[Supported by “the Environmental Health Action Program (2016001350006)” funded by the Korea Ministry of
Environment (MOE) and “Establishment of risk assessment system for antibiotics in agricultural environment
(PJ015958)” funded by the National Institute of Agricultural Sciences.]

A004

Image Based Analysis of Ralstonia solanacearum Symptom on Solanum
lycopersicum for Comparing with Naked Eye Examination
Hwangweon Jeong, Sung Mi Kim, Jinjeong Lee, Su Jung Ra, Eunhee Kim, Hong-Il Ahn, Myeong Jin Kang,
Il Pyung Ahn, Hye-Jin Yoon, and Young-Joo Seol*
Gene Engineering Div., National Institute of Agricultural Science, RDA, Korea

Ralstonia solanacearum is one of the destructive pathogen, cause of Bacterial wilt (BW). The BW disease is a
critical problem in green house tomato farming. R. solanacearum infects plant normally from rhizosphere soil of
tomato root on tropical temperature. Symptom of BW shows similar lack of moisture on plant. Determination of BW
symptom in naked eye examination has 5 stage trait defend on plant vigor. And individual differences are severe for
each symptom trait. This study we used image based analysis method for comparing naked eye examination trait.
Super Dotaerang used as sensitive tomato sample. 6 stains KACC No. 10698, 10707, 10715, 10717, 18644, WR-1,
were used for inoculation. Samples were infected 30 days after germination. RGB images were measured 10 days
after inoculation. Plant images were got multiple angle of side view. Determination of BW infection, was processed
two different methods. One is naked eye examination, the other is image based analysis using ImageJ and house
script. In image based analysis extracting plant region of interest was processed then plants mess were calculated.
We compared results of naked eye examination and image based analysis. Results shows possibility of evaluation for
disease severity or virulence level using image based analysis. In further study, we try to comparing R.
solanacearum symptom of different light spectra growth plants.
[Supported by grants from RDA]
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Relationship between Bacterial Motility and Translocation In Planta in the
Interaction between Ralstonia solanacearum and Solanum lycopersicum
Sung-Mi Kim, Jinjeong Lee, Su Jung Ra, Eunhee Kim, Hong-Il Ahn, Myeong Jin Kang, HwangWeon Jeong,
Hye-Jin Yoon, Young-Joo Seol, and Il-Pyung Ahn*
National Institute of Agricultural Sciences, Gene Engineering Division, Korea

Bacterial wilt, caused by Ralstonia solanacearum, is a serious soilborne disease infecting economically important
solanaceous crops including tomato (Solanum lycopersicum). Strains 18644 and WR-1 are involved in biotype 3
commonly infected tomato plants vigorously. Remained 4 strains, 10715, 10698, 10707, and 10717 are members of
biotype 4 and their virulence was relatively weak. All strains were recovered from the symptomatic tomato plants.
Virulence-associated phenotypes including cellulase activity, extracellular polysaccharide (EPS) production, motility,
and biofilm formation activity were analyzed. The level of cellulase activity and EPS production are significantly
related with the tested strain’s pathogenicity. In the hydroponic culture condition, 18644 and 10715 triggered 1st
petiole’s drooping at 5 and 14 days post inoculation (dpi) on the 10-week-old plants cv. Seokwang. The highest CFU
values, 6 × 107 ml-1 CFU, was detected in the 3rd petiole within 10 dpi. The plants wilted at 8 dpi and finally, stems fell
down. Strain 18644 itself exhibited the slowest motility. Strain 10715 was a fast grower, however, its CFUs within the
petiole sap were less than 104. Interacting sites between 18644 and tomato also translocated upper part of the
plants, however, 10715 population distributed in the tested petioles without notable differences.
[Supported by grants from RDA]

A006

Bacterial Movement In Planta during the Interaction between Ralstonia
solanacearum and Solanum lycopersicum
Sung-Mi Kim, Jinjeong Lee, Eunhee Kim, Su Jung Ra, HwangWeon Jeong, Myeong Jin Kang, Hong-Il Ahn,
Hye-Jin Yoon, Young-Joo Seol, and Il-Pyung Ahn*
National Institute of Agricultural Sciences, Gene Engineering Division, Korea

Bacterial wilt, caused by Ralstonia solanacearum, is a serious soilborne disease infecting economically important
solanaceous crops such as tomato (Solanum lycopersicum). Relationship between six strains of R. solanacearum and
susceptible S. lycopersicum cv. Seokwang was chronologically analyzed to unveil the genes or genome regions
conferring bacterium with bacterial movement-based pathogenicity. Strains 18644 and WR-1 are involved in
biotype 3. Direct infiltration into tomato leaflets and inoculation onto roots resulted in the typical compatible
interaction. They moved slowly on the agar. Three strains 10698, 10707, and 10717 are members of biotype 4 and
exhibited fast motility but their pathogenicity for tomato plants were very weak. A biotype 4 strain 10715 was highly
motile and infected tomato well. Two genes were selected to explain discordance between virulence and motility/
translocation in planta. RSc0672 and RSc2365 encode a twitching motility/chemosensory pili system proteins and
arginine decarboxylase included in polyamine biosynthesis. The ORFs and 5’-/3’-flanking regions of both genes were
cloned from the six strains and in-frame deletion constructs were prepared to further investigate roles of passive
and active movements in the bacterial virulence. Nucleotide sequencing and restriction enzyme digestion indicated
that ORFs and 5’-flanking regions are conserved well, however, 3’-flanking regions of RSc2365 were highly heterogeneous.
[Supported by grants from RDA]
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Comparison of Pathological Characteristics among Five Ralstonia solanacearum
Strains Collected in Korea
Jinjeong Lee, SungMi Kim, Il Pyung Ahn, Eunhee Kim, Su Jung Ra, HwangWeon Jeong, Myeong Jin Kang,
Hong-Il Ahn, Hye-Jin Yoon, and Young-Joo Seol*
Gene Engineering Div., National Institute of Agricultural Science, Korea

Bacterial wilt is one of the major diseases of tomato and caused by Ralstonia solanacearum. This pathogen affect
more than 200 plant species throughout the world. In this study, five strains of pathogen collected in Korea were
used, the biotypes were classified, and the pathological characteristics were studied. Five strains of pathogen were
inoculated into the susceptible cultivar Seokwang. There was confirmed one strain KACC18644 induced the disease
and four strains KACC10698,KACC10707,KACC10715,KACC10717 did not induce the disease. Confirming of the
biotype the strain that induces the disease showed the biotype3, and the strain that did not induce the disease
showed the biotype4. Inoculating seedlings, comparing the pathogenicity of each strain, and measuring the CFU of
each part of the plant the strain belonging to biotype3 showed a high CFU value in all sites. It was confirmed that the
biotype 4 strains had high CFU values in the hypocotyl, but the CFU values differed depending on the bacterial
strains. When the severity was measured by the 12th day after inoculation, KACC18644 was the highest. It was
confirmed that the difference in CFU value by site was higher in the leaves as the motility increased, and EPS was
more with stronger pathogenicity. It is expected that this result will be useful for searching for other factors
affecting the pathogenicity of R.solanacearum and for studying the pathological characteristics between strains.
[Supported by grants from RDA]

A009

Simiduia confluentis sp. nov., an Agarolytic Bacterium Isolated from Estuary Water
Sang Eun Jeong, Byung-Gon Ryu, and Mi Hwa Lee*
Nakdonggang National Institute of Biological Resources, Korea

A Gram-staining-negative, strictly aerobic, and rod-shaped and were motile by means of single polar flagellum,
designated strain 21SJ11W-1T, was isolated from estuary water. Cells showed catalase and oxidase positive
activities and grew at 15–45°C (optimum, 30°C), pH 6.0–9.0 (optimum, pH 7.0~8.0), and in the presence of 0–4.0%
(w/v) NaCl (optimum, 2.0%). Strain contained ubiquinone-8 and phosphatidylethanolamine, phosphatidylglycerol
as the major respiratory quinone and polar lipids, respectively. As the major cellular fatty acids, strain 21SJ11W-1T
contained summed feature 3 (comprising C16:1 ω7c and/or C16:1 ω6c), C16:0, C18:1 ω7c, and C17:1 ω8c. The DNA G+C
contents of strains 21SJ11W-1T calculated from genome was 54.7 mol%. Strain 21SJ11W-1T was most closely related
to Simiduia aestuariiviva J-MY2T, Simiduia agarivorans SA1T, Simiduia litorea KMM 9504T, Simiduia curdlanivorans
DMCK3-4T, Simiduia areninigrae M2-5T with 98.34, 98.27, 98.27 and 98.20% 16S rRNA gene sequence similarities,
respectively. In conclusion, strain 21SJ11W-1T represent novel species of the genus Rhizobium, for which the name
Simiduia confluentis sp. nov. is proposed. The type strain is 21SJ11W-1T.
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Various Adaptational Properties of an Ammonia-oxidizing Arachea in Ecosystem
Saem Han1 and Man-Young Jung1,2*
1

Interdisciplinary Graduate Program in Advance Convergence Technology and Science, Jeju National University, Korea
2
Department of Biology Education, Jeju National University, Korea

Ammonia-oxidizing archaea (AOA), belonging to the phylum Thaumarchaeota, are key players in ammonia
oxidation to nitrite, the first step in the global nitrogen cycle. In this study, we analyzed the complete genome
sequence of an AOA strain, Nitrosocosmicus oleophilus MY3, which has been reported that have the biggest size
genome with unique physiological properties. It has been reported that the capability of the mixotrophic of the
strain MY3, which was identified by growth on the TCA cycle intermediates, however, autotrophism is identified by
incorporation of 13C-carbon in archaeal lipid (GDGT) in this study. To verify the hydrophobic cell surface, the
intensity of biofilm formation was tested on the various ammonia concentrations. The genomic analysis of strain
MY3 supports chemolithoautotrophic growth and adaptation to different terrestrial environments. Furthermore,
the shared common and unique characteristic genes of strain MY3 were identified by comparative genomic analysis
(pan-genome and core-genome) to understand the genomic evolution of the AOA regarding the niche differentiation of
the metabolic pathway. This study provides important information for applying the AOA genus 'Nitrosocosmicus'
and advances our understanding of the ecophysiological properties of AOA strain MY3 of the global N cycle in the
ecosystem system.
[This research was supported by NRF funded by the Ministry of Education (2019R1A6A1A10072987), and MSIT
(NRF-2021R1C1C1008303).]

A011

Thermomonas limicola sp. nov., Isolated from a Wetland in South Korea
Mirae Kim1, Jaeho Song2, Miri S. Park1, and Jang-Cheon Cho1*
1

Department of Biological Sciences, Inha University, Korea
Microbial Research Division, Honam National Institute of Biological Resources, Korea

2

A Gram-stain-negative, aerobic, straight rod-shaped, non-motile bacterium, designated Thermomonas sp.
IMCC34681T, was isolated from a wetland in Gapyeong, South Korea. Cellular growth occurred at 30°C, pH 7.0, and
with 0-2% (w/v) NaCl. Phylogenetic analysis based on 16S rRNA gene sequences revealed that strain IMCC34681T
belongs to the genus Thermomonas and shares 95.7−96.9% sequence similarities with other Thermomonas
species. Whole genome sequencing of strain IMCC34681T revealed genome size of 2.72 Mbp and DNA G+C content
of 66.2 mol%. The IMCC34681T genome shared the average nucleotide identity (ANI) of 82.0% with Thermomonas
fusca DSM 15424T and 80.7% with Thermomonas haemolytica DSM 13605T. The major respiratory quinone was
ubiquionone-8 (Q-8) and predominant cellular fatty acids were iso-C15:0 (25.7%) and iso-C14:0 (20.8%). Major polar
lipids were diphosphatidylglycerol, phosphatidylglycerol, and phosphatidylethanolamine. Based on phylogenetic
distinction and differential phenotypic characteristics, strain IMCC34681T is considered to be assigned to the genus
Thermomonas as the type strain of a new species, for which the name Thermomonas limicola sp. nov. is proposed.
The type strain is IMCC34681T (=KACC 21793T =NBRC 114635T).
[Supported by Nakdonggang National Institute of Biological Resources of the Ministry of Environment]
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Interactions between Ammonia and Methane Oxidizer on the Elevation of
Copper Concentration
Min-ju Kang1 and Man-Young Jung1,2*
1

Interdisciplinary Graduate Program in Advance Convergence Technology and Science, Jeju National University, Korea
2
Department of Biology Education, Jeju National University, Korea

Copper (Cu) is essential as a cofactor for many enzymatic pathways and several electron carriers of ammonia and
methane oxidation. However, it has been reported that the amount of copper required for enzyme activity and
microbial growth is extremely limited in the environment, and the concentration of copper above the appropriate
level acts toxic to cells. Ammonia monooxygenase (AMO) is close evolutionarily to particulate methane monooxygenase
(pMMO), known as Cu-dependent enzyme, and functional similarities are estimated. Methanotrophs produce and
discharge a powerful chelating agent, methanobactin, when placed in a copper-poor environment, and it is
reabsorbed in a state combined with copper and used for pMMO. Here, we observe the effects of the growth of
ammonia (AOM; AOA, and AOB) and methane oxidizer on the elevation of copper concentration. Furthermore, the
ammonia oxidation activity affected by methanobactin is also identified using extracted methanobactin and
co-culture of AOM and methanotroph. This study is significant in exploring the link between methane and ammonia
oxidation, which are critical reactions in the global biochemical cycle. Furthermore, it can also lead to practical
research, such as controlling the nitrification reaction in various ecosystems using Cu and methanotroph.
[This research was supported by NRF funded by the Ministry of Education (2019R1A6A1A10072987) and MSIT
(NRF-2021R1C1C1008303).]

A013

Characterization of Bacterial Community in Shallow Aquifers by
Dilution-to-Extinction Culturing and Culture-independent Analyses
Sumin Kim, Jeaho Chang, Jeaho Song, Ilnam Kang, and Jang-Cheon Cho*
Department of Biological Sciences and Bioengineering, Inha University, Korea

While most of the research on groundwater microorganisms have focused on the aspects of bioremediation,
pathogenic microorganisms, and microbial dark matters, cultivation of groundwater microorganisms has been less
studied. Cultivation of groundwater prokaryotes, especially the uncultured, is important to understand their
physiology, metabolism, and ecological roles. High-throughput-cultivation (HTC) based on dilution-to-extinction
method has been proven to be highly efficient in isolating representative bacterial groups. To isolate uncultured
groups of groundwater microorganisms, we investigated the microbial community of the groundwater in Yang-gu,
Korea, using the seasonal HTC and 16S rRNA gene amplicon sequencing. A total of 1,042 bacterial strains were
successfully cultivated using the HTC method. Phylogenetic analysis of 16S rRNA genes of the bacterial strains
showed that they belong to diverse taxa such as the phyla Proteobacteria (Alpha-, Beta- and Gammaproteobacteria),
Bacteroidetes, and Actinobacteria. Notably, isolates belonging to several previously uncultured lineages, such as the
OPB56 and SJA-28 clade, were obtained in this study. Through the 16S rDNA amplicon sequencing analysis, the
abundance and distribution of cultured bacterial groups were also determined. This study will be a valuable
resource for further studies on the microbial community dwelling in groundwater environments.
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A014

Physiological Properties on the Different pH of Commamox Bacterium,
Nitrospira inopinata
Yun Ji Choi1 and Man-Young Jung1,2*
1

Interdisciplinary Graduate Program in Advance Convergence Technology and Science, Jeju National University, Korea
2
Department of Biology Education, Jeju National University, Korea

Most studies of N2O production by ammonia-oxidizing archaea (AOA) and bacteria (AOB) have been performed in
circumneutral pH ranges only, although various biological and chemical reactions involved in N2O production are
pH-dependent. Researchers found that more N2O was produced at lower pH than at neutral pH for both AOA and
AOB. Therefore, the main goals of this study are: 1) summarize the growth pH range of comammox strain and
compare to the reported AOA and AOB; 2) study the N2O and NH2OH production of comammox at different pH. In
the results, the comammox strain tolerates a wide pH range (pH 5.5 - 9) ammonia oxidation showed almost 20%, a
decreasing N2O production at low pH was revealed by microrespirometry (MR) experiments. In addition, less
hydroxylamine (NH2OH) emission was discovered at pH 6.5 than at pH 7.5. This may explain the lower N2O
production (e.g., from abiotic NH2OH decomposition) at low pH. To test the activity of the candidate NO reductase
(cytochrome P450 gene), transcriptome analysis is currently being continued at different pH conditions. This study
improves understanding to get needed intuitions into nitrogen compound diversions and greenhouse gas
production by comammox under divergent environmental conditions.
[This research was supported by NRF funded by the Ministry of Education (2019R1A6A1A10072987) and MSIT
(NRF-2021R1C1C1008303).]

A015

Scalp Microbiome according to Dandruff and Seborrheic Dermatitis of Asian
Hye Lim Keum and Woo Jun Sul*
Chung-Ang University, Korea

Dandruff (D) and seborrheic dermatitis (SD) are common skin conditions that mainly affects the scalp, and are not
contagious or life-threatening disease, but are difficult to cure completely. The functional role of the scalp microbes
for understanding the characteristics of complex scalp microbiome and for predicting disease and improving to a
healthy scalp was rarely studied. We investigated 336 scalp microbiomes of Asian subjects (Seoul, Beijing,
Guangzhou) with normal and diseased (D/SD) scalp. The residential area was the biggest factor in distinguishing
scalp microbiome. However, disease served as a factor that distinguished the scalp microbiome from normal, and in
particular, the more severe the disease, the lower the microbial diversity. In the disease group, Staphylococcus
increased and Cutibacterium and Sphingomonas decreased. Assessment of the microbial community assembly
process through the network and the neutral model suggests that the ecological model can be key indicator of the
disease-related microbiome by showing certain patterns to identify microbiome dysbiosis caused by disease.
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Expanded Metabolic Versatility of Thermoacidophilic Verrucomicrobial Methanotrophs
Samuel Imisi Awala1, Joo-Han Gwak1, Yong-Man Kim1, So-Jeong Kim2, Andrea Strazzulli3, Peter F. Dunfield4,
Hyeokjun Yoon5, Geun-Joong Kim6, and Sung-Keun Rhee1*
1

Department of Biological Sciences and Biotechnology, Chungbuk National University, Korea
Geologic Environment Research Division, Korea Institute of Geoscience and Mineral Resources, Korea
3
Department of Biology, University of Naples “Federico II”, Complesso Universitario Di Monte S. Angelo,
Via Cupa Nuova Cinthia 21, 80126, Naples, Italy
4
Department of Biological Sciences, University of Calgary, 2500 University Dr. NW, Calgary, AB, T2N 1N4, Canada
5
Biological and Genetic Resources Assessment Division, National Institute of Biological Resources, Korea
6
Department of Biological Sciences and Research Center of Ecomimetics, College of Natural Sciences,
Chonnam National University, Korea
2

Natural gas released from geological sources is a mixture of methane and short-chain alkanes (SCA) such as ethane
and propane. In comparison to methane, the microbial metabolism of SCA from these sites is poorly studied. Here,
we observed propane oxidation only in the presence of methane in Methylacidiphilum dominated-enrichments
derived from an acidic geothermal environment. Two Methylacidiphilum isolates, strains IT5 and IT6, derived from
these enrichments did not grow solely on propane but unexpectedly grew on intermediates of propane oxidation as
sole carbon and energy sources. The complete biochemical pathway for utilizing C3 substrates was predicted by
genomic and transcriptomic analyses. 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. Thus, the discovery of a novel function of CuMMO and the
capability to utilize C3 compounds expands the metabolic flexibility of verrucomicrobial methanotrophs.
[This work was supported by NRF grants from the Korean government through the Ministries of Education
(2020R1A6A1A06046235) and Science and ICT (2015M3D3A1A01064881; 2021R1A2C3004015).]

A017

Method Suggestion of Selecting Vulnerable Spot Based on Age of Air for
Biological Hazard Agent Management in Subway Station
Jinhyeon Park1, Jiyun Bang1, Jihyeon Kim1, and Sungchul Seo1,2*

1

Institute for Environment Health and Safety, Seokyeng Industry Academy Cooperation Foundation, Korea
2
Department of Nano Chemical and Biological Engineering, Seokyeong University, Korea

[Introduction] Exposure to microbiological hazardous agents (MBHAs) in public-use facilities is important in terms of environmental health. The purpose of this study was to select vulnerable spots for MBHA management based on the age of air model.
[Methods] In this study, the spatial distribution of age of air in the subway station located in Anyang, Gyeonggi-do (Line
4) was analyzed by computational fluid dynamics (CFD). The concentrations of MBHAs (Total airborne bacteria and
airborne mold) and particulate matter (PM) of each spot were measured according to the level of the age of air to validate
if age of air results could reflect indoor air quality. Samplings were repeated 3 times each by collecting 150 L of air at 8 am
and 2 pm. The results between age of air and measurements were compared by χ2 test and regression analysis.
[Expected Results and Discussion] Based on the results of CFD analysis, the spots with high age of air could be
assumed to be a vulnerable point to MBHAs. The results of this study can be used as a selection method of
vulnerable spot in public-use facilities for MBHAs management.
[This work was supported by Korea Environment Industry & Technology Institute (KEITI) through Development of
Autonomous BioSurveillance and Response System in Indoor Air Project, funded by Korea Ministry of Environment
(MOE)(2021003380004)]
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Genomic and Physiological Characterization of Campylobacteria Catalyzing
Hydrogen-dependent DNRA
Hokwan Heo and Sukhwan Yoon*
Department of Civil and Environmental Engineering, KAIST, Korea

Dissimilatory nitrate/nitrite reduction to ammonium (DNRA) is a biochemical pathway constituting the nitrogen
cycle in environments. Although DNRA has been widely known as a NO3- reduction pathway favored in reduced,
organic-rich environments, several lines of evidence from previous studies have insinuated the existence of
chemolithotrophic DNRA with molecular hydrogen (H2) as a source of electron donor. Here, we obtained two isolates
from activated sludge samples belonging to phylum of Campylobacterota capable of catalyzing H2-dependent
DNRA, interrogated their genomes for signature genes for DNRA and hydrogen utilization, and performed
physiological observations. All of the isolates possessed nrfA genes encoding the cytochrome c552 nitrite reductases
and hyd operons encoding the [NiFe] or [FeFe] hydrogenase complexes. Arcobacter sp. utilized H2 only for
NO2--to-NH4+ reduction and required acetate for NO3--to-NO2- reduction. Contrastingly, Sulfurospirillum sp. was
capable of utilizing H2 for NO3--to-NH4+ transformation in its entirety. The strains appeared mixotrophic in terms of
their carbon source, and while CO2 uptake was observed, minimal amount (<0.5 mM) of acetate was needed to
support cell growth. Also interesting were the presence of clade II nosZ genes in the genomes of Arcobacter sp. and
Sulfurospirillum sp. and the capability of these strains to couple H2 oxidation with N2O reduction.
[This work was supported by a research grant from NRF-2021R1A6A3A13044038]

A019

Alteration of the Soil Microbiomes and Nitrogen Cycling according to
the Earthworm Invasion in a Northern Hardwood Forest of Minnesota, USA
Jeonghwan Jang1* and Satoshi Ishii2
1

Division of Biotechnology, Jeonbuk National University, Korea
BioTechnology Institute, University of Minnesota, St. Paul, MN, USA

2

Northern hardwood forests in formally glaciated areas had been free of earthworms until exotic earthworms
were introduced by human activities. The invasion of earthworms can alter soil physical, geochemical, and biological
properties, but their impacts on soil microbiomes are still unclear. Here we show that the invasion of earthworms
can alter soil microbiomes and ecosystem functioning, especially for nitrogen (N) cycling. We collected soil samples
at different depths from three sites across an active earthworm invasion chronosequence in a hardwood forest in
Minnesota, USA. We analyzed the structures and the functional potentials of the soil microbiomes by using
amplicon sequencing, high-throughput N cycle gene quantification (NiCE chip), and shotgun metagenomics
approaches. Both soil depth and the levels of earthworm invasion influenced the microbiome structures. In the
recently and minimally invaded soils, Nitrososphaera and Nitrospira as well as the genes related to nitrification were
more abundantly detected than in the heavily invaded soils. By contrast, genes related to denitrification and
nitrogen fixation were more abundantly detected in the heavily invaded than the minimally invaded soils. Our
results suggest that the N cycling in forest soils is mostly nitrification driven before earthworm invasion, whereas it
can become denitrification driven after earthworm invasion.
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A020

Distribution of Bioaerosols in Indoor within Public-use Facilities and Suggestion
of Better Management
Jiyun Bang1, Jinheyeon Park1, Jihyeon Kim1, and Sungchul Seo1,2*
1

Institute for Environment Health and Safety, Seokyeong University, Korea
Department of Nano Chemical and Biological Engineering, Seokyeong University, Korea

2

Introduction: According to the Institute of Medicine and WHO, exposure to fungi and bacteria is highly related to
asthma and worsening symptoms. But airborne bioaerosol is not currently managed in general public-use facilities.
The purpose of this study is to present measures to improve the current maintenance and recommended standards
of airborne bioaerosol in public facilities other than sensitive facilities according to the size of the population group
that affects health.
Methods: Indoor measurement facilities were selected in consideration of environmental factors such as the
number of users among public-use facilities excluding sensitive-use facilities. Following the Indoor Air Quality test
standard, it was measured three times in a row using a collision method.
Results and Discussion: There were a total of 19 measurement facilities, and overall, airborne bioaerosol were
monitored high concentration at facilities with a relatively large number of users and congested times such as
commute. This study found that the concentration of airborne bacteria in general public-use facilities was very low.
On the other hand, airborne fungi have been found to exceed the threshold of sensitive-use facilities in almost all
measurement facilities.
[This work was supported by Korea Environment Industry & Technology Institute (KEITI) through Development of
Autonomous BioSurveillance and Response System in Indoor Air Project, funded by Korea Ministry of Environment
(MOE)(2021003380004)]

A021

Viral Metagenome Survey of Inland Aquaculture Reveals Unique Viral
Community Composition
Kira Moon*, Byung Hee Chun, Jae-Hyung Joo, Jae-Cheol Lee, Seung Hui Song, Yun Ji Kim, and Sung Moon Lee
Division of Environmental Materials, Honam National Institute of Biological Resources, Korea

Bacteriophages, viruses that infect bacteria are known to exist in various environments wherever bacteria are
found. Therefore they are widely known as one of the important components of microbial ecology. Although
bacteriophages have simple compartments consisting of structural proteins and nucleic acids, they have high
genetic diversity that has yet to be deciphered. In order to study enormous viral genomes in environments with
relatively fast and simple methods without culturing each viral particle, viral metagenome (virome) analysis has
been suggested. Numerous preceding virome analyses on varying environments have reported novel phage
sequences. In this study, surface water of two inland saline water aquaculture facilities located in Jindo and Jeju
island, Korea have been collected to survey the phage community through virome analysis. Unlike the viral
community of inland freshwater aquaculture, where phage sequences were found to be assigned to the Myo-,
Podo-, or Siphoviridae family uniformly, those of saltwater aquaculture were mainly assigned to the Podoviridae
family. In the functional annotation of aquaculture viromes, N-acetylmuramyl-L-alanine amidase and phoH
encoding genes are noticeably found compared to freshwater aquaculture viromes. Considering that murein
hydrolases are often found in phages infecting Salmonella sp., the aquaculture viral community is suspected to be
uniquely dominated by Salmonella phages, implying the presence of phage therapy candidates.
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Flow Cytometric Single-cell Classification in Synthetic Communities Using
Machine Learning Models
In Jae Jeong, Eun sun Lyou, Soo Bin Kim, Young Jun Bae, and Tae Kwon Lee*
Department of Environmental and Energy Engineering, Yonsei University, Korea

Flow cytometry allows to characterize the properties of single cell using multiple parameters including cell size,
cell complexity and nucleic acid contents. It is still challenging to identify how the flow cytometric phenotype of the
interested populations changes due to environmental changes or microbial interaction. In this study we apply
machine learning models on multidimensional flow cytometry data to identify the bacterial population in the
synthetic bacterial communities. We collected the flow cytometric data (200,000 events) for 4 different genera
(Acinetobacter Johnsonii, Micrococcus luteus, Staphylococcus aureus, and Staphylococcus epidermidis), and created
the in silico synthetic microbial community with different ratios. Regardless of ratios in synthetic microbial
communities, four strains were able to predict using random forest with 92-97% of accuracy. The abundance of
each strains in the synthetic communities could also be predicted with 5-8% error rates. These analysis results
showed the possibility of analyzing rapidly the dynamics of microbial community responding to environmental
changes.

A023

Kinetic, Genomic, and Physiological Analysis of Brachybacterium equifaecis sp.
nov., from Horse Feces
Myunglip Lee1, Adeel Farooq 2, and Man-Young Jung3,4*
1

Department of Marine Life Science, Jeju National University, Korea
Research Institute for Basic Sciences (RIBS), Jeju National University, Korea
3
Department of Science Education, Jeju National University, Korea
4
Interdisciplinary Graduate Programme in Advance Convergence Technology and Science, Jeju National University, Korea
2

The species of the Brachybacterium belong to the family Dermabacteriaceae within the phylum Actinobacteria
and a total of 22 Brachybacterium species have been identified in various ecological niches. In this study, we isolated
a novel Brachybacterium equifaecis JHP9 from horse feces and identified kinetic, biochemical, and genomic features
of this strain. The isolated strain JHP9 is a gram-positive, aerobic, rod-shaped bacterium, with optimal growth at
18-37oC and pH of 6-9 on trypticase soy agar. This study presents the first report on the kinetic properties of any
Brachybacterium species. The complete genome of the strain is 3.08 Mb, along with 2,878 protein-coding genes,
71% GC contents, and 95% genome completeness. It was identified as a novel species based on 16S rRNA gene, ANI
(79.5-82.5%), AAI (66.7-75.8%), and dDDH (23.7-27.9) analysis. Interestingly, kinetic studies revealed that the strain
JHP9 has high oxygen and glucose affinity, which may manifest niche differentiation. The genome of the strain JHP9
shares most of its features with other Brachybacterium spp., except for carrying quinolone resistance and aromatic
compounds degradation genes, which were also in consensus with the observed phenotypes. Our study contributes
to the knowledge of the kinetics and genomic properties of Brachybacterium equifaecis JHP9, which advocates its
tolerating and thriving nature in various environments.

68 | www.asme2022.com

Poster

A024

N2O Inhibition of Respiratory Ammonification is Alleviated by NosZ Activity in
a DNRA Isolate Bacillus sp. DNRA2
Sojung Yoon, Hokwan Heo, and Sukhwan Yoon*
Korea Advanced Institute of Science and Technology (KAIST), Korea

As mitigation of N2O emission and retention of nitrogen source are the one of the major environmental issues,
DNRA bacteria possessing nosZ have emerged as a key solution of “nitrogen dilemma”. Especially as many
DNRA-catalyzing organisms have been found to harbor clade II nosZ genes and capability to utilize N2O for
respiration. A previously isolated soil DNRA-organism, Bacillus sp. DNRA2, possesses both nrfA and a clade II nosZ in
its genome and was previously physiologically confirmed of both DNRA and N2O reduction. To examine the impact
of N2O on DNRA-organism, the mechanism of Bacillus sp. was observed in acetylene-amended culture with or
without 15M of dissolved N2O. Also, the DNRA-bacteria was observed the response of oxic-to-anoxic transition in
the presence and absence of NosZ-inhibiting acetylene. NO2- reduction to NH4+ was significantly delayed in the
acetylene-amended culture and this inhibition was showed clearly when incubated in repeated oxic-to-anoxic
transition. The possible role of acetylene was excluded as the continuous-flow chemostat culture flushed with 10%
of acetylene prepared in N2 gas did not show any significant difference in DNRA progression. The current findings
may provide a plausible evolutionary context for the previous genomic observation, wherein possession of nrfA is
often accompanied with that of nosZ.
[This work support by National Research Foundation of Korea]

A025

Stress Induced Cell Wall Deficient Bacterial Cells as an Adaptive Strategy
Jun Harada1, Shusaku Kanematsu1, Nobuhiko Nomura2,3, and Masanori Toyofuku2,3,4*
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3
Microbiology Research Center for Sustainability, University of Tsukuba, Japan
4
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Most bacteria are thought to maintain their cell morphology. By single cell analysis, we found that a sub-population
of cells can convert to round cells (R-cells) from rod cells in Pseudomonas aeruginosa. Conversion to R-cells is induced
by endolysin which is an enzyme that hydrolyze the cell wall. The expression of the endolysin encoding gene is
controlled by DNA damage, which can accumulate under certain environments including, anoxic conditions and
biofilms. Endolysin genes are well conserved among bacteria suggesting that Rcell formation can occur in other
bacterial species. Because R-cells have a defect in their cell wall, it can be speculated that they have distinct
characteristic features such as antibiotic tolerance, compared to the cell wall intact normal cell but has not been
examined so far. To characterize R-cells, we first established condition to induce R-cell formation. The expression of
the endolysin encoding gene in P. aeruginosa was controlled under an inducible promoter, otherwise DNA damaging
agent was added to the cell culture. To understand the antibiotic tolerance of the R-cells, we used live-cell imaging, and
found that R-cells are less sensitive to cell wall targeting antibiotics. We propose R-cells cause chronic antibiotics
resistant, and further analysis are expected to reveal the ecological impact and environmental adaptation of that cells.
[This work support by ERATO Nomura Microbial Community control Project, Suntory Rising Stars Encouragement
Program in life Sciences (SunRiSE)]
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The Molecular Genetic Analysis on Methanogens and Methanotrophs of
Methane-mitigating Paddy Soil: The Effect of Bacterium Inoculation onto Rice Seeds
Midori Sakoda1, Takeshi Tokida2, Yoriko Sakai2, Keishi Senoo3,4, and Tomoyasu Nishizawa1,5*
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Paddy field is a major source of methane, a greenhouse gas produced by methanogen and consumed by
methanotroph in flooded soil. Inoculation of soil bacterium Azoarcus sp. strain KH32C onto rice seeds has been
shown to affect prokaryotic community in rice root-associated soil, suggesting the influence on the biogeochemical
cycle in paddy soil. In this study, we investigated the effect of KH32C inoculation onto rice seeds on methane
emission and soil methanogens and methanotrophs in a Japanese paddy field.
KH32C was inoculated onto pregerminated rice seeds of Nipponbare. KH32C inoculated and non-inoculated rice
were cultivated in a Japanese rice paddy with two nitrogen fertilization levels (0N, 0 g nitrogen m-2; 8N, 8 g nitrogen m-2).
Methane flux measurement showed that KH32C inoculation decreased total methane emissions from a paddy field by
23.5% and 17.2% in 0N and 8N conditions, respectively. Quantitative PCR showed that KH32C inoculation affected the
abundance of transcript of mcrA related to methane production and pmoA related to methane oxidation in soil and
tended to decrease the transcript copy numbers ratio of mcrA/pmoA under 8N condition. Amplicon sequencing analysis
indicated the relative abundance of major OTUs of mcrA and pmoA transcript correlated with methane flux.
Our study indicated that the effect of KH32C inoculation on soil methanogens and methanotrophs contributes
the mitigation of methane emissions from paddy field.
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B001

Effects of Fructo-oligosaccharides on the Gut Microbiome and Growth
Performance of Weaned Pigs
Gi Beom Keum, Jae Hyoung Cho, Eun Sol Kim, Hyunok Doo, Jinok Kwak, Sriniwas Pandey, Hyeri Kim,
Hyeun Bum Kim, and Sheena Kim*
Department of Animal Resources Science, Dankook University, Korea

The experiment was conducted to investigate effects of prebiotics on growth performance and gut microbiota of
weaned pigs. A total of 48 weaned pigs (7.30 ± 0.30 kg BW) were randomly assigned to 2 groups (4 pigs/pen; 6 replicates).
Dietary treatments were a typical weaning diet based on corn-soybean meal (CON) and CON supplemented with
0.3% of fructo-oligosaccharides (FOS).
Body weights and feed allowance were recorded throughout post-weaning period to calculate growth performance
of weaned pigs. Fecal samples were collected at 0 and 4 weeks after weaning. Total DNA was extracted from fresh
fecal samples and the hypervariable regions from V5 to V6 of the 16S rRNA genes were amplified and sequenced
using the Illumina MiSeq platform. Quantitative Insight into Microbial Ecology 2 (QIIME2) workflow was used for
analyzing 16S rRNA gene sequence. Statistical analysis was performed using GraphPad Prism platform.
No differences were observed on the growth performance and microbial diversity between treatments during
overall period. However, distinct differences in fecal microbial composition were observed at genus levels. At the genus
level, Faecalibacterium was significantly higher in FOS than the CON group. Turicibacter, Eubacterium, and Clostridium
sensu stricto showed higher abundance in FOS group. Therefore, our results indicate that fructo-oligosaccharides as
prebiotics may modulated gut microbiome of weaned pigs without negative effects of growth performance.

B002

Analysis of the Rabbit Intestinal Microbiome Using 16S rRNA Gene from Various
Geographical Locations in South Korea
Eun Sol Kim, Jae Hyoung Cho, Gi Beom Keum, Hyunok Doo, Jinok Kwak, Sriniwas Pandey, Hyeri Kim, Sheena Kim,
and Hyeun Bum Kim*
Department of Animal Resources Science, Dankook University, Korea

The microbiota of the rabbit digestive tract plays a vital role in its metabolic, nutritional, and immunological process.
The microbial population can alter with diet, physiology, geographical differences, etc. This study was conducted to
evaluate the variations in microbial populations in the gut of rabbits from various geographical locations.
A total of 25 rabbit fecal samples were collected from 3 different locations; Yesan (n=8), Cheonan (n=5), and
Sejong (n=12), and were used for metagenome sequencing. Total DNA was extracted from fresh feces and the V5 to
V6 hypervariable regions of the 16S rRNA genes were amplified, then sequenced using the Illumina MiSeq platform.
Quantitative Insights into Microbial Ecology (QIIME) and Mothur pipelines were used for analyzing 16S rRNA gene
sequences. Statistical analysis was conducted using the GraphPad Prism platform.
Beta-diversity analysis showed that the structure of the microbial community was significantly different in three
different regions. Distinct differences in the microbial composition of the feces were observed at the phylum and
genus levels. The result of this study showed significant variations in microbial communities in each location at the
genus level; Yesan (Aerococcus, Clostridium), Cheonan (Lactobacillus, Carnobacterium), and Sejong (Bacteroides,
Blautia). Overall, this study produces insights into the gut microbiota of the rabbit association with the differences
in geographical locations.
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Anti-inflammatory and Anti-oxidative Effects of Lacto-fermented Sargassum
horneri Water Extract on HT-29 Cell Lines
Hyun Ji Song1, Hyung Jin Kim2, and Sae Hun Kim1*
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Recently, extensive amount of Sargassum horneri, inedible brown seaweed, has been found to invade the shore
of Jeju island and caused huge environmental and economic impact on Korea. Thus, the way to utilize S. horneri
become important to resolve these issues. Therefore, this study was performed to evaluate the anti-inflammatory
and anti-oxidative potential of lacto-fermented S.horneri in HT-29 cells. Fourteen strains of lactic acid bacteria were
screened for their fermentation activity using S. horneri water extract as substrate, thereby, strains of Lactobacillus
fermentum were selected for further experiments. To assess the anti-inflammatory activity of fermented S. horneri
extract, LPS-stimulated HT-29 human colorectal adenocarcinoma cells were pre-treated with the fermented
extract, and the production of pro-inflammatory cytokines were analyzed. The results showed that the expression
of pro-inflammatory cytokines, COX-2, IFN-  , and IL-1 were decreased and the tight junction protein were restored
when the cells were treated with fermented extract. Also, fermented extract exhibited anti-oxidative activity, as
pre-treatment with the fermented extract suppressed the expression of H2O2-induced apoptosis marker such as
Cas3, Cas9, Cytc, NF-κB, p53. Overall, these results suggest fermented S. horneri water extract can be used as a
potential source of anti-inflammatory and antioxidant materials.

B004

Protective Effects of 2’-Fucosyllactose and 6’-Sialyllactose Mixture in an
LPS-induced Intestinal Inflammation Mice Model
Gyu Wan Kim, Sang Hoon Lee, and Sae Hun Kim*
Department of Biotechnology, College of Science and Biotechnology, Korea University, Korea

Prebiotics are substrates that microbial inhabitants in gut utilize for metabolism. Human milk oligosaccharides
(HMOs) such as 2’-fucosyllactose (2’FL) and 6’-sialyllactose (6’SL) are prebiotics in human milk, which affect immune
system and microbiome development in infants. In previous study, the mixture of these two components had shown
anti-inflammatory effects in a HT-29 cell in vitro model. For further establishment of the beneficial effects of 2’FL
and 6’SL mixture (HMOs mixture), different dosages of HMOs mixture (High, medium, low dosage) were orally
administrated in 3-week-old C57BL/6 male mice model for 2 weeks. Lipopolysaccharides (LPS) were injected (1
mg/kg) in the last 5 days of treatment to induce gut inflammation. As a result, treatment of the HMOs mixtures
recovered gut microbiome diversity that was reduced by the injection of LPS. In addition, HMOs mixture alleviated
effects of LPS that induced immune cell infiltration and damaged to villi construction. Also, mRNA expression of
inflammatory markers such as IL-6, IL-10 and TLR4 was decreased in dose dependent manner. In summary, high
dosage of the HMOs mixture has more beneficial effects on the gut immune system and diversity of gut microbiome
than other dosages. Therefore, supplementation of 2’FL and 6’SL may benefit infant development. However, further
studies are needed to define the underlying mechanisms.
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Effects of Fermentation Time on Kombucha Microbiota, Microbial Metabolite
Composition, and Antioxidative Properties
Jae Young Kim, Hye Jung Shin, and Sae Hun Kim*
Department of Food Bioscience and Technology, College of Life Science and Biotechnology, Korea University, Korea

Kombucha is a tea made by fermenting brewed herb tea with sugar and a microbial starter. The components and
functions of Kombucha depend on the ingredients, inoculated microbial compositions, and fermentation conditions
used. Therefore, this study aimed to define the microbial components, microbial derived components, and
antioxidative properties of various green tea Kombucha samples in vitro. The first batch of Kombucha was made by
fermenting a mixture of green tea, sugar, and SCOBY (symbiotic culture of bacteria and yeast) for 14 days. The
following batches were made by fermenting a mix of green tea and sugar with the prior batch for 14 days. Samples
from batch one to four were examined for compositional and antioxidative activity assessment. As a result, total
bacteria count and microbial diversity tended to decrease as fermentation proceeded. Moreover, while longer
fermentation time contributed to higher productions of bacterial metabolites such as short chain fatty acids and
ethanol, no significance was observed in phenol productions. Also, antioxidative properties were consistent
throughout fermentation. In conclusion, fermentation duration influences compositions of microbial metabolites
and microbiota which may exert health beneficial effects such as antioxidative activities. Therefore, further
assessment on the connection between compositional and functional aspects of Kombucha are needed.

B006

Anti-adipogenic Effects of Lacto-fermented Sargassum horneri Water Extract in
3T3-L1 Preadipocytes
Sejin Jang1, Hyunji Song1, Hyungjin Kim2, and Saehun Kim1*
1

Department of Food Bioscience and Technology, College of Life Science and Biotechnology, Korea University, Korea
Department of Future Business Convergence Management, College of Future Convergence, MyongJi University, Korea

2

Sargassum horenri (S. horneri) is a species of brown algae that causes serious damage to aquaculture farms,
particularly in Korea. The previous study showed lacto-fermented S. horneri water extract has anti-oxidative and
anti-inflammatory effects in an HT-29 human colon epithelial cell model. Oxidative stress and inflammatory factors
are known as mediators involved in the pathological processes of adiposity. Therefore, this study aims to evaluate
the anti-adipogenic effects of fermented S. horneri extract in 3T3-L1 preadipocytes in vitro.
For adipocyte differentiation, 3T3-L1 mouse preadipocyte cells were treated 0.5 mM 3-isobutyl-1-methylxanthine, 1 M
dexamethasone, and 20  g/ml insulin. Fermented extract was co-treated to estimate its anti-adipogenic activity. As
a result, fermented extract inhibited adipocyte differentiation by suppressing expression of adipogenic transcription
genes. Moreover, fermented extract tended to reduce lipid accumulation in Oil red O stained adipocytes. Also,
fermented extract treatment showed better inhibition of inflammatory markers compared to non-fermented
extract.
In conclusion, fermented S. horneri water extract could be an effective candidate for preventing adiposity.
Further studies are needed for the assessment of fermented extract’s beneficial effects and underlying antiadipogenic mechanisms.
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B007

Promotion of Hair Growth by Lactic Acid Bacteria in UV-induced Animal Model
Hee Jin Lee1, Jung Yun Lee2, and Sae Hun Kim1*
1

Department of Food Bioscience and Technology, College of Life Science and Biotechnology, Korea University, Korea
2
Tovstyle, Hanji 2-gil, Apo-eup, Gimcheon-si, Gyeongsangbuk-do, 39675, Korea

Alopecia is an autoimmune disorder that involves a chronic inflammation on hair follicles and causes hair loss.
Between various factors, oxidative stress induces ROS production that leads to premature catagen and even causes
inflammatory responses. Recently, the population suffering from hair loss has been increasing, and there are some
drugs that are effective but have some side effects including redness and pruritus. Hence, this study intended to
prevent hair loss by using lactic acid bacteria (LAB) treatment in vivo. One LAB strain was selected with outstanding
anti-oxidative and anti-inflammatory effect on HaCaT cell and HT-29 cell in the previous in vitro assays. And this
strain was used in an UV-induced alopecia animal model to figure out their promotional effect of hair regrowth. The
6 weeks old C57BL/6 male mice were shaved and UVB was irradiated. Then, the mice were given live LAB, heat-killed
LAB, or both for 6 weeks. As a result, LAB treatment induced the color change of shaved parts from white to black.
Also, the expression level of IFN-  , the inflammatory-cytokine, in serum was increased in LAB treated groups.
Furthermore, according to the results of qRT-PCR assays, the expression level of several biomarkers that represents
hair growth, inflammation and oxidation in skin was improved by LAB treatment. In conclusion, this study suggested
the LAB has a potential to be used as a treatment for alopecia with their anti-inflammatory and anti-oxidative effect.

B008

Effects of Lactobacillus-Derived Cell Lysates on LPS-induced Inflammation in
Human Keratinocytes
Young Jun Soh1, Gyu wan Kim1, Jung yun Lee2, and Sae Hun Kim1*
1

Department of Food Bioscience and Technology, College of Life Science and Biotechnology, Korea University, Korea
2
Tovstyle, Korea

Probiotics is microorganisms that have beneficial effects on the human body, generally known to have
antioxidant and anti-inflammatory effects. Furthermore, numerous studies have aimed functionality of postbiotics,
which include components and metabolites of probiotics. Therefore, this study identified ability of the Lactobacillusderived cell lysates (lysates) to relieve skin inflammation on human keratinocytes (HaCaT) in vitro. Lysate is used
instead of living cells, to affirm the function of postbiotics and the possibility of direct application to the skin
afterward. Lysates were prepared through sonication of selected Lactobacilli. HaCaT cells were pretreated with
lysates and incubated overnight. After incubation, pretreated cells were treated LPS 25  g/mL and incubated for 24
hours to induce inflammation. As a result, anti-inflammatory markers, TNF-  , COX-2, and TLR4, were decreased on
both lysate-treated groups compared to negative control. Lysates also restored the expression level of tight junction
protein such as Claudin, Zo-1, and Occludin. In conclusion, certain strains of Lactobacillus-derived cell lysates may
have potential in reducing skin inflammation.
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B009

Application of Machine Learning Techniques to Predict Short Chain Fatty Acid
Production by Gut Microbiota
Hokyung Song1, Dabin Jeon2, and Tatsuya Unno1,2*
1

Subtropical/tropical Organism Gene Bank, Jeju National University, Korea
Faculty of Biotechnology, School of life sciences, SARI, Jeju National University, Korea

2

Thanks to the development and improvement of DNA sequencing techniques, the accumulation rate of
microbiome data is faster than ever before. Machine learning has been proposed as a powerful tool for making
useful predictions in various study fields, but yet there are limited number of studies which applied machine learning
in biological sciences. In this study, we collected feces samples from 10 healthy adults and conducted an in vitro
gastrointestinal digestion and fecal fermentation experiment with 9 different prebiotics. After fermentation, we
identified the gut microbiome and assessed the amount of short chain fatty acids in the samples. Seven different
machine learning algorithms (random forest, XGBoost, lasso, ridge, elastic-net, support vector machine, and
k-nearest neighbor) were applied to predict the amount of short chain fatty acids based on the gut microbial
composition in each sample. Overall, we were able to get well-performing models in which the correlation coefficients
between predicted and observed amount of short chain fatty acid were as high as 0.6. Feature importance in the
random forest models indicated Bifidobacterium as the most important genus for predicting the amount of acetate,
Megamonas for propionate, and Faecalibacterium for butyrate all of which are well-known producers of short chain
fatty acid. The results from this study can be applied to probiotics study to find the best combination of gut microbes
helpful for human.
[Supported by IPET]

B010

Effects of Lactic Acid Bacteria on Alopecia in Mice
Se Jin Cheon1, Hee Jin Lee1, Min Jae Kim1, Jung Yun Lee2, and Sae Hun Kim1*
1

Department of Food Bioscience and Technology, College of Life Science and Biotechnology, Korea University, Korea
2
Tovstyle, Korea

Alopecia is a common disease caused by chronic inflammation on hair follicles, a leading cause of hair loss.
Inflammation leads to damages in hair and skin, which induces premature catagen and apoptosis of hair follicles.
Previously, three LAB strains were evaluated in vitro for the anti-inflammatory activity, and LAB1 and LAB2
decreased in the expression levels of pro-inflammatory cytokines significantly. Hence, the objective of this study is
to evaluate the effect of LAB on alopecia loss by reducing inflammation on mice. Hair-removed mice were given
LAB1 and LAB2 orally for 2 weeks. After that, the analyses of hair growth and qRT-PCR were conducted for the
evaluation of anti-inflammatory activity. As a result, mice in LAB1 and LAB2 groups showed higher hair growth than
those in other groups. Also, the expression level of growth factor, such as IGF-1, FGF1 and FGF10, and Wnt signaling
pathway, including  -catenin, in LAB1 and LAB2 groups increased significantly compared to other groups.
Furthermore, LAB1 and LAB2 groups decreased significantly in mRNA expression level of pro-inflammatory markers
including IL-6 and TNF-  . In conclusion, the administration of lactic acid bacteria may have a potential to recover
hair loss and improve alopecia.
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Neuroprotective Effects of Ginkgo Extract and Angelica decursiva Fermented by
Lactobacillus on SH-SY5Y Cells
Si Yeon Shin, Jae Young Kim, Gyu Wan Kim, and Sae Hun Kim*
Department of Food Bioscience and Technology, College of Life Science and Biotechnology, Korea University, Korea

Amyloid beta (A  ) is toxic to neurons and synaptic damage caused by A  is a major risk factor for initiation and
persistence of cognitive decline. Synthetic antioxidants are widely used as treatments, but most of them have
cytotoxicity that prevents their safe use, making the development of safe neuroprotective agents necessary. As
a traditional medicine, ginkgo extract and Angelica decursiva are recently reported to have antioxidant and
anti-inflammatory properties and can be expected to be used as neuroprotective agents. In this study, Ginkgo
extract and Angelica decursiva fermented by Lactobacillus with anti-inflammatory properties were tested on
SH-SY5Y cells to confirm the neuroprotective effects. Lactobacillus was selected based on the basic probiotic
properties and the expression levels of anti-inflammatory cytokines in LPS-induced HT-29 cells through qRT-PCR.
The growth of rate of Lactobacillus was largely increased in fermentation of ginkgo extract and Angelica decursiva.
The expression of neurotoxicity markers of fermented and non-fermented extracts of ginkgo extract and Angelica
decursiva by Lactobacillus was evaluated through A  Toxicity Assay on SH-SY5Y cells. The fermented extracts also
alleviated A  -induced changes in BDNF, CDK5, BAX, BCL2, PSEN1 and apoptosis significantly. The results of this
study suggest that fermentation of ginkgo extract and Angelica decursiva by Lactobacillus has neuroprotective
effects and the potential to suppress cognitive decline.

B012

Fermented Milk Products with Lactobacillus rhamnosus and Melatonin
Ameliorates Stress-related Irritable Bowel Syndrome
Ji You Heo1, Hee Jin Lee1, Se Jin Jang1, Jae Yeon Joung2, and Sae Hun Kim1*
1

Department of Food Bioscience and Technology, College of Life Science and Biotechnology, Korea University, Korea
2
R&D Center, Seoul Dairy Cooperative, Korea

Irritable bowel syndrome (IBS) is a complex syndrome characterized by abdominal pain or discomfort, often
caused by stress and anxiety. Probiotics are known to lessen IBS and relieve anxiety by modulating the gut-brain axis
and the intestinal microbiota. Melatonin in milk influences deep sleep and nerve stability, as well as antioxidant and
anti-inflammatory effects. In the IBS model induced by stress and inflammation, the effect of fermented milk
products containing Lactobacillus rhamnosus and melatonin (FMPM) was evaluated for improvement of intestinal
and brain function.
The mice with DSS-induced colitis were administered with FMPM for 10 weeks. Simultaneously, from the fourth
week of administration, mice were exposed to unpredictable chronic mild stress for 3 weeks. FMPM relieved
stress-induced histologic disruption in the colon and brain. FMPM alleviated the stress-induced alteration of
inflammatory cytokines in serum, colon, and brain. Moreover, the expression of apoptosis-related factors and tight
junction protein-related factors in the brain and colon were altered. FMPM modulated the brain mRNA expression
level of serotonin, melatonin related factors and stress-related factors. These results suggest that FMPM containing
probiotic and melatonin has potential as an agent to relieve stress-related irritable bowel syndrome.
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B013

The Consumption Effects of a Traditional Fermented Drink of Jeju (Shindari) on
Gut Microbiota Using In Vitro Fecal Incubation Model
Hakdong Shin
Sejong University, Korea

Shindari is a traditional fermented drink of Jeju, and is known to be rich in dietary fibers and contains lactic acid
bacteria. However, research has not been conducted on its consumption effects on the gut microbiome. In this
study, the effects of Shindari on the gut microbiota based on in vitro fecal incubation model were identified as
changes in the fecal microbiota following Shindari treatment. For fermentation of Shindari, nuruk, water, and
steamed rice were prepared and incubated for 12 hours at 37°C. During fermentation, the pH values of Shindary
decreased from 6.8 to 3.8, and contrary Brix increased from 12 to 19 after fermentation. Fecal samples from 24
healthy adults were collected for in vitro fecal microbiota incubation. The groups were divided into the control,
Shindari-treated, and heated-Shindari-treated groups, and 16S rRNA sequencing was carried out for microbiota
analysis. As a result of the weighted UniFrac distance analysis, the clear clusterings between the control and the
Shindari-treated groups were detected. Also, significant changes in the relative abundance of Bifidobacterium,
Lactobacillus, Weisella, and Pediococcus genus were indicated by Linear Discriminant Analysis effect size (LEfSe)
analysis. As a result, the beneficial effects of Shindari on gut microbiota were analyzed and these results could
suggest the development of synbiotics from the Korean traditional fermented drink of Jeju.

B014

Carbon Metabolic Characteristics of Leuconostoc mesenteroides Through
Metabolites and Transcriptomics Analyses
Ju Hye Baek and Che Ok Jeon*
Department of Life Science, Chung-Ang University, Korea

The carbon metabolic features of Leuconostoc mesenteroides (strain J18), one of key lactic acid bacteria during
kimchi fermentation, were investigated for diverse single carbon sources. Strain J18 grew well by using glucose,
fructose, xylose, and sucrose, moderately by using lactose, maltose, and trehalose, and poorly by using galactose,
mannose, arabinose, ribose, and cellobiose, as a single carbon source. Fermentation products and transcriptomes
of strain J18 fed with glucose, fructose, xylose, sucrose, lactose, maltose, and trehalose were analyzed. Lactic acid,
ethanol, acetic acid, and mannitol were majorly produced, but their production profiles quite varied depending on
carbon sources. Lactic acid and acetic acid were relatively similarly produced regardless of carbon sources, but
ethanol was rarely produced from fructose and xylose and mannitol was produced from only fructose and sucrose.
Transcriptomic analysis depending on carbon sources was shown to explain well the carbon metabolic features of
strain J18 and we will discuss them in the poster section.
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Antibacterial Activity and Characteristics of Bacillus amyloliquefaciens JFP-02
Isolated from Traditional Food
Jinkuk Park, Chae Yun Moon, and Moon Soo Heo*
Department of Marine Life Medicine, Jeju National University, Korea

Although the domestic fish aquaculture industry is very successful, fish diseases are having a serious negative
impact on the development of the aquaculture industry. Therefore, to discover probiotics that are more effective
and safer than antibiotics, and to use them in the fish farming industry, strains were isolated from traditional
fermented foods.
In the Jeju traditional market, a total of 8 probiotic candidate strains were isolated from traditional fermented
foods, such as Doenjang, Saeujeot, fermented squid, salted Damselfish, salted guts of Hairtail, salted Gizzard shad,
and salted spratelloides gracilis.
As a result of measuring the antimicrobial activity of the isolated candidate strains of probiotics, Bacillus
amyloliquefaciens JFP-02 showed the highest antimicrobial activity, and the ranges were 30 mm, 25 mm, 27 mm and
27 mm respectively in Photobacterium damselae sub sp, Edwardsiella tarde, Streptococcus pararuberis, and
Streptococcus iniae. After then, pH, temperature, culture conditions, artificial gastric juice, artificial bile acid, salt
resistance, and heat resistance of Bacillus amyloliquefaciens JFP-02 were confirmed.
[Supported by grants from the BK21]

B016

Lactobacillus plantarum Fermentation Prediction Using Artificial Neural Network
Chien-Chang Wu1, Fang-Chi Hsu2, Tzu-Yu Wei2, Jung-Ren Chen2, Jain-Shing Wu3*, and Chien-Sen Liao2*
1

Institute of Biotechnology & Chemical Engineering, I-Shou University, Taiwan
2
Department of Biological Science & Technology, I-Shou University, Taiwan
3
Department of Computer Science & Information Management Providence University, Taiwan

Lactobacillus plantarum has great economic benefits in the market, since L. plantarum can produce prebiotics
such as  -aminobutyric acid. To produce prebiotics, fermentation technology is used. However, fermentation
failure could be easily cause by human errors. Therefore, early prediction of the fermentation results can reduce the
failure rate of fermentation process. In this study, we used a long short-term memory neural network, a type of
recurrent neural network capable of learning order dependence in sequence prediction problems, to predict the
final bacterial count results of L. plantarum. Laboratory assays were performed on 16 cases of L. plantarum
fermentation. Parameters, such as pH value, tank temperature, tank pressure, rotating speed and air intake, for
each fermentation process were studied. The pH value was chosen as the main evaluation factor. The fermentation
cases studied, based on the total number of bacteria, were divided into three categories: 7 failure cases (0 outputs),
4 semi-success cases (< 3×109 CFU/mL), and 5 success case (> = 3×109 CFU/mL). For each case, the first 40 data
points in each fermentation process were examined to rule out false fermentations caused by power outages. After
removing anomalies, special feature values were identified from the remaining cases and the features were sent to
a LSTM to learn predictions. The experimental results confirmed that the results of 20 runs of different training
groups, and test groups. The average training accuracy and testing accuracy of this study are 100% and 95%,
respectively. The method proposed in this study not only can predict the final bacterial count, but also be used to
exclude failure cases, which can effectively reduce the fermentation failure rate.
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The Mutual Relationship of Emerging Commensal and Mucin-binding Probiotics
through Physical and Metabolic Interactions
Tran Ngoc Yen1, Shi-Min Zhang2, and Shir-Ly Huang1*
1

Institute of Microbiology and Immunology, 2Institute of Clinical Medicine, National Yang Ming Chiao Tung University,
Taipei, Taiwan (R.O.C.)

The gut Veillonella spp. enhance human health through their metabolites including short-chain fatty acid (SCFAs).
We first investigated the growth and metabolism of Veillonella dispar in dynamic nutrient environments. The lactate
consumption and propionate production of V. dispar peaked at mid-log phase (MLP), dropped at early-stationary
phase (ESP) and restored at stationary phase (SP). Transcriptomic analysis revealed that genes related to the
gluconeogenesis pathway including ppsA, eno, gpmI, pgk, gap, and tpiA were up-regulated at ESP and SP. This allows
V. dispar to exploit pyruvate when anaerobic respiration activity decreased. Genes associated with 1,2-propanediol
pathway including yqhD, pduCDE, sucD and ppsA were down-regulated at ESP and restored at SP. Furthermore, the
metabolic relationship between Lactobacilli and V. dispar has been suggested because of their roles in the
production and consumption of lactate, respectedly. V. dispar grew poorly without lactate but grew well in the
presence of Lactobacillus acidophilus by lactate cross-feeding. V. dispar produced threefold higher levels of acetate
and propionate in the co-culture with L. acidophilus than other Lactobacilli, indicating a Lactobacillus speciesspecific interaction. In addition, coaggregation of L. acidophilus and V. dispar was observed in planktonic growth and
biofilm formation using mucin-coated biofilm model. These observations provide a better understanding of
probiotics interaction and mechanism.
[This work was supported by National Health Research Institute, Taiwan (08A1-MGGP08-037)]
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The Architecture of Fungal Community inside Lichen Thallus is Highly Distinct to
Adjacent Epiphytic Fungal Community
Ji Ho Yang1,2, Jung-Jae Woo1,2, Seung-Yoon Oh3, Wonyong Kim1, and Jae-Seoun Hur1*
1

Korea Lichen Research Institute, Sunchon National University, Korea
2
Department of Biology, Sunchon National University, Korea
3
Department of Biology and Chemistry, Changwon National University, Korea

Lichen is a symbiotic mutualism of mycobiont and photosynthetic partners that harbors diverse organisms such
as endolichenic fungi (ELF). Despite the taxonomic and ecological importance of ELF, structure of ELF community
compared with its surrounding environments is poorly understood. Thus, we performed comparative analyses
between the ELF communities of epiphytic lichens, Dirinaria and Parmotrema that are widely distributed in the
subtropical regions and adjacent fungal groups associated with bark of pine tree (Pinus). We conducted community
analyses focusing on alpha and beta diversity, network, and identification of host-specific fungal species of epiphytic
fungal (EPF) and ELF communities. Fungal diversity was higher in EPF than in ELF. ELF community was distinguished
from EPF group in aspect of large amount of Ascomycetes, especially Dothideomycetes fungi and relatively less
Basidiomycetes. Moreover, beta diversity analyses showed that those two ELF groups inside Dirinaria and
Parmorema were similar and distinct from EPF group. Network analyses also revealed that ELF community is less
nested than EPF community. We identified several EPF-specific fungal species belonging to Basidiomycota. In
contrast, fungal species only observed in ELF community comprised polyphyletic Ascomycetes group reported
repeatedly as ELF previously. Here, we demonstrate several aspects of differences including diversity and network
between ELF and ELF despite of those quite close distance.

C002

Rhizosphere Microbiome Structures Decide Drought-tolerance of Plants
Jee Hyun No, Susmita Das Nishu, and Tae Kwon Lee*
Department of Environmental Energy Engineering, Yonsei University, Korea

Drought has negative effects on agricultural problems such as crop yield loss. The dried condition in soil affects
the functions and populations of rhizosphere bacteria that regulate the health of the plants. The approaches using
metagenome analysis have been used to study the interaction between rhizosphere microbiome and drought
tolerance for plants. However, these methods cannot quantitatively evaluate the active drought-tolerant bacteria in
the microbiome, as well as consume time and high cost. In this study, we applied Raman-deuterium isotope probing
(Raman-DIP) to quantitatively evaluate and transplantation to confirm that the microbiome plays an important role
in the assembly of the rhizosphere microbiome of plants. We conducted transplant experiments with the soils
having a high and low portion of drought-tolerant bacteria (Type T and S soil) evaluated using Raman-DIP. The root
length of all plants transplanted from type T soils to other type T soils (7.5 ± 1.5 cm) was significantly longer than that
of all plants transplanted to type S soils (3.8 ± 1.1 cm) in the same drought conditions. We found that the
Isopentenyl-diphosphate delta-isomerase (idi) and Maltooligosyltrehalose synthase (treY) were significantly and
positively associated with the proportions of drought-tolerant bacterial cells by combination of metagenome
analysis. This study improves our understanding of the association of phenotype and genotype of the rhizosphere
microbiome in drought conditions.
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Genomic Analysis of Haloarchaea that can Grow under Low-salinity Conditions
Hye Seon Song, Yeon Bee Kim, Yujin Kim, Se Hee Lee, and Tae Woong Whon*
World Institute of Kimchi, Korea

Halorubrum and Halopenitus species are extremely halophilic archaea which adapted to high salinity environments,
were isolated from solar salt. Here, we report the complete genome sequence of strain Halorubrum sp. CBA1232
and Halopenitus persicus CBA1233, which have one chromosome with plasmid, each. According to the genomic data
of Halorubrum sp. CBA1232, genes associated with hydrolytic enzymes, resistance to antimicrobial and toxic
compounds, and others were identified. On the basis of comparative genomic analysis among members of genus
Halopenitus, strain CBA1233 was found to possess 442 specific pan-genome orthologous groups. Thus, the genomic
data show possibility to produce useful enzymes and provide new genetic information of the haloarchaea.
[This research was supported by a grant from the World Institute of Kimchi (KE2202-1-1)]

C004

Metagenome-assembled Genomes Provide Insight into the Microbial Metabolic
Potential of Deep-sea Hydrothermal Vents in the Central Indian Ridge
Teddy Namirimu1,2, Yun Jae Kim1,2, and Kae Kyoung Kwon1,2*
1

Marine Biotechnology Research Center, Korea Institute of Ocean Science & Technology, Korea
2
Major of Applied Ocean Science, University of Science and Technology, Korea

Deep-sea hydrothermal vents represent unique ecosystems that redefine our understanding of the limits of life.
Here, we present 20 draft bacterial and archaeal metagenome-assembled genomes (MAGs) assembled from
metagenomic DNA extracted from deep-sea hydrothermal sediments from two vent fields in Central Indian Ridge
collected during the 2019 expedition. Phylogenetic analysis revealed that the MAGs were taxonomically assigned to
a diverse and variable community affiliated with 8 different bacterial and 2 archaeal phyla. Multiple MAGs harbored
the genes for carbon fixation and extracellular carbohydrate-active enzymes, suggesting that both heterotrophic and
autotrophic strategies could be essential for their survival. Notably, a potential novel Gammaproteobacteria genome
(MAG17) encodes a complete set of genes related to sulfur reduction, denitrification, aerobic respiration, and carbon
fixation CBB pathway suggesting that it might be a novel chemolithoautotrophic species. This study represents the
first metagenome-assembled-genome-based investigation into the microbial community and metabolism of the
newly discovered hydrothermal fields in the Central Indian Ridge. The findings improve our understanding about
phylogenetic diversity and functional features within two hydrothermal vent fields in Central Indian Ridge.
[Supported by KIOST (EA0022) and MOF (Grant Number 20170411), Korea].
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Urban Metagenomics Uncovers the Microbial Communities and Antimicrobial
Resistance Genes in Seoul Mass Transit Systems
Robin Guevarra1, Juchan Hwang1, Hyungjung Lee1, Hyung Jun Kim1, Yunmi Lee1, David Danko2, Krista A. Ryon2,3,
Christopher E. Mason2,3,4, and Soojin Jang1*
1
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4
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Mass transit systems are important environments for studying the urban microbiome since high density of
population uses public transportation in urban areas. In this study, we used the shotgun metagenomic sequencing
to profile the microbial communities of subway stations and bus stops in the Seoul mass transit systems as well as to
investigate the wide-spectrum antibiotic resistance genes (ARGs). All surfaces in both subways and buses were
dominated by potential human pathogen Salmonella enterica and human skin bacteria Cutibacterium acnes. The
subway microbiome was associated with bacteria present in the human oral cavity and respiratory tract, while the
bus microbiome was associated with bacteria present in the soil, water, and plants. We also observed that
temperature had significant effects on microbial diversity. Furthermore, we detected 41 unique ARG subtypes that
are associated with clinically important antibiotic drugs including aminoglycosides, carbapenem, glycopeptide,
sulfonamides, and multi-drug resistance class, in agreement with the antibiotics extensively used in humans. Here,
we revealed that the urban transit microbiome was found to be a reservoir of potential human pathogens and ARGs.
[This work was supported by the National Research Foundation of Korea (NRF) grants funded by the Korea
government (MSIT) (NRF-2017M3A9G6068246/NRF-2021M3A9H5079533) and the Environmental Health Action
Program funded by Korea Ministry of Environment (MOE) (2021003380004)]

C006

Monitoring of Anthropogenic Impact on Antarctic Environment
Jin Ju Kim1, Dockyu Kim2, Sanghee Kim2, and Woo Jun Sul2*
1

Department of Systems Biotechnology, Chung-Ang University, Korea
Division of Polar Life Sciences, Korea Polar Research Institute, Korea

2

Antarctica is considered the last pristine continent. However, as human activity increases in Antarctica, microbes
and environmental hazardous factors may enter the Antarctic environment. Here, we analyzed the dissemination
and accumulation of antibiotic resistance genes from the wastewater of the Antarctic Sejong Station to the
Antarctic ecosystem by anthropogenic activities through metagenomic analysis of wastewater, seawater, control
water, algae, limpet, and penguin intestine samples. The characteristics of bacterial community and antibiotic
resistance genes significantly different according to the environment. The most dominant resistance genes were
multi-drug resistance, peptide antibiotics, trimethoprim, MLSB, and aminoglycoside resistance genes. 5 plasmid
contigs with the vgaC gene, an MLSB resistance gene, were identified in 5 different penguin intestinal samples. 5
plasmid contigs with the vgaC gene are considered identical plasmids because they have more than 95% identity.
Hence, this may suggest the possibility that one plasmid will propagate to another penguin intestine. Our results
suggest that increased human activity may have contributed to increased antibiotic resistance and mobility in the
Antarctic ecosystem.
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C007

Changes in Fecal Pellet Microbiome of the Cold-adapted Antarctic Copepod
Tigriopus kingsejongensis at Different Temperatures and Developmental Stages
Han Na Oh1, Nu Ri Myeong1,2, Taeyune Kim1, Gi-Sik Min3, Sanghee Kim2, and Woo Jun Sul1*
1

Department of Systems Biotechnology, Chung-Ang University, Korea
2
Division of Life Sciences, Korea Polar Research Institute, Korea
3
Department of Biological Sciences, Inha University, Korea

Tigriopus kingsejongensis, a copepod species reported from the King Sejong Station, Antarctica, serves as a
valuable food resource in ecosystems. We cultured T. kingsejongensis at three different temperatures (2°C, 8°C, and
15°C) in a laboratory to observe the changes in its fecal pellet microbiome depending on the cultivation temperatures
and developmental stages. We observed that the fecal pellet microbiome of the copepod changed with
temperature: a lower microbial diversity, higher abundance of the aquatic bacterium Vibrio, and lower abundance
of the psychrophilic bacterium Colwellia were noted at higher temperatures. In addition, the fecal pellet
microbiome of the copepod changed according to the developmental stage: a lower microbial diversity was noted
in egg-attached copepods than in nauplii at 8°C. We further analyzed three shotgun metagenomes from the fecal
pellet samples of T. kingsejongensis at different temperatures and obtained 44 metagenome-assembled genomes
(MAGs). We noted that MAGs of V. splendidus D contained glycosyl hydrolases (GHs) encoding chitinases and
virulence factors at a higher relative abundance at 15°C than at lower temperatures. These results indicate that
increasing temperature affects the fecal pellet microbiome and the development of copepods. The findings are
helpful to understand the changes in cold-adapted copepods and the effect of temperature on their growth.
[Supported by grants from KOPRI.]

C008

Transcriptional Response of Methanogenic Communities to Permafrost Thaw
Nu Ri Myeong, Bang Yong Lee, and Mincheol Kim*
Korea Polar Research Institute, Korea

Arctic permafrost soils contain vast stores of soil organic matter (SOM) that, once thawed, could be released into
the atmosphere as the greenhouse gases such as carbon dioxide and methane. This process mainly depends on
microbial responses; thawing permafrost promotes microbial respiration and microbial degradation of SOM.
However, the mechanistic understanding of the microbial processes and responses of methane dynamics to
permafrost thaw has not been well elucidated. Here we performed metatranscriptomic analysis to obtain a detailed
overview of active metabolic pathways and responsible organisms in thawing permafrost. We incubated the active
layer and permafrost soils under anaerobic conditions at three different temperatures. Methane concentration
from the permafrost showed almost two times higher than the active layer, which corresponds well with the relative
abundance of methanogens. The dominant methanogen Methanosarcina increased with increasing temperature
and the end of the incubation period at the permafrost. Also, the relative abundance of syntrophic bacteria (e.g.,
Smithella) positively correlated with the methanogens. This study helps understand permafrost SOM bioavailability
mechanisms contributing to greenhouse gas emissions.
[This research was supported by a National Research Foundation of Korea Grant (NRF-2016M1A5A1901769).]
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Microbial Diversity Based on Cultivation in the Styx Glacier, Northern Victoria
Land, Antarctica
Soyeon Kim1,2, Yeongcheol Han3, Hanbyul Lee1, Woojun Sul2, and Ok-Sun Kim1*
1

Division of Life Sciences, Korea Polar Research Institute, Korea
Department of Systems Biotechnology, Chung-Ang University, Korea
3
Division of Paleoenvironment, Korea Polar Research Institute, Korea

2

Glaciers are a great repository of the past environment in our planet, however the studies on microbial diversity,
evolution and adaption in this ecosystem have been neglected so far. In this study, traditional cultivation methods
were applied in order to study microbial diversity, because molecular techniques are not suitable due to low biomass.
In Styx glacier near Jangbogo Station, four depths with 10, 50, 100, and 150 m in a total depth of 170 m ice core with
chronology ranged about 530 to 1972 were obtained for cultivation at 10°C and 25°C after decontamination.
Surprisingly, 658 strains belonging to Alphaproteobacteria, Firmicutes, Actinobacteria Bacteroidetes, and DeinococcusThermus were isolated. The most abundant strains were assigned to Bradyrhizobium elkanii (305 strains)
throughout all depths, a leguminous bacterium involving biological nitrogen fixation. Sphingomonas echinoides (200
strains) isolated at 10°C in all depths, which were detected in soil and aquatic ecosystems in temperate climates and
might have been adapted to the cryosphere. Our findings provide new insights for microbial ecology linking with the
chronological ages and fundamental resources for microbial adaptation to cryosphere.
[Supported by grants from KOPRI (PE22100 and PE22130)]

C010

The First Report of Foliicolous Lichen Strigula Flora in the Jeju Island, South Korea
Jung-Jae Woo, Ji Ho Yang, and Jae-Seoun Hur*
Korea Lichen Research Institute, Sunchon National University, Korea

Foliicolous lichens grow on the surface of living leaves of vascular plants. In Korea, foliicolous genus Strigula is
only observed in Jeju Island which is subtropical and the warmest region in the country. It implies that this genus is
important for understanding maintenance of ecosystem in climate change. Nevertheless, flora of Strigula in South
Korea remains still uncertain. Therefore, we investigated the biodiversity, community structure and driving factors
of distribution pattern of this foliicolous lichen. In total, four Stirgula species (S. multiformis, S. depressa, Strigula sp.
nov. 1 and Stirgula sp. nov. 2) were observed in 7 sampling sites. Community similarity analysis revealed that
geographic distance was the most important factor in determining the similarity between communities. Annual
mean temperature and precipitation showed different effects in the correlation with the abundance of Strigula.
Generally, temperature showed positive relationship with Strigula colonization. However, amount of precipitation
had strongly negative relationship with distribution of this foliicolous lichen. Substrate of lichens, the type of leaves
were also considered to be an important factor in determining colonization of Strigula. Here, we demonstrate
biodiversity of Strigula and several environmental factors determining Strigula distribution pattern.
[This work supported by National Research Foundation of Korea, NRF 2020R1I1A2073283]
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Brachybacterium sp. EF45031 sp. nov., Isolated from a Hot Spring in Chungju,
Republic of Korea
Sondor Ganbat1, Dariimaa Ganbat1, Bo Gyoung Choi1, Ji Yeong Park1, In-Tae Cha2, Won-Jae Chi2, Ki-Eun Lee2,
Jung-Sook Lee3, and Sang-Jae Lee1*
1

Major in Food Biotechnology and Research Center for Extremophiles & Marine Microbiology, Silla University, Korea
2
National Institute of Biological Resources, Korea
3
Korean Collection for Type Cultures, Korea Research Institute of Bioscience and Biotechnology, Korea

A novel Gram-positive, non-motile, and moderately halophilic rod-shaped bacterium EF45031 was isolated from
a hot spring in Chungju, Republic of Korea. The strain was able to grow at concentrations of 0-5% (w/v) NaCl (optimum
3% NaCl), at pH 6.0-9.0 (optimum pH 7.0) and in a temperature range of 20-50°C (optimum 45°C). On the basis of
16S rRNA gene sequence analysis, strain EF45031 was closely related to Brachybacterium nesterenkovii CIP 104813T
(97.71%), Brachybacterium huguangmaarense M1T (97.43%), Brachybacterium phenoliresistens phenol-AT (97.12%),
Brachybacterium zhongshanense JBT (97.10%), Brachybacterium sacelli LMG 20345T (97.09%), Brachybacterium
squillarum M-6-3T (97.01%), and Brachybacterium rhamnosum LMG 19848T (96.94%). The DNA G+C content of the
strain was 70.95 mol%. On the bases of chemotaxonomic, phenotypic, and genotypic data, strain EF45031
represents a novel species of the genus Brachybacterium, for which the name Brachybacterium sp. nov. is proposed.
[This work was supported by National Research Foundation of Korea (NRF) grants (NRF-2020R1F1A1076624 and
NRF-2016M3A9A5953528).]

C012

Microbacterium sp. EF45044 sp. nov. Isolated from Hot Spring
Dariimaa Ganbat1, Ji U Im1, KwangSoo Jung1, Dong-Woo Lee2, Seong-Bo Kim3, In-Tae Cha4, Won-Jae Chi4,
Jung-Sook Lee5, and Sang-Jae Lee1*
1

Major in Food Biotechnology and Research Center for Extremophiles & Marine Microbiology, Silla University, Korea
2
Department of Biotechnology, Yonsei University, Korea
3

Bio-Living Engineering Major, Global Leaders College, Yonsei University, Korea

4
National Institute of Biological Resources, Incheon, Korea
Korean Collection for Type Cultures, Korea Research Institute of Bioscience and Biotechnology, Jeongeup, Korea

5

Gram-positive, nonmotile, rod-shaped bacterium EF45044 was isolated from a hot spring in Chungju, Republic of
Korea. Strain EF45044 contained menaquinone-12 and menaquinone-13 (MK-12, MK-13) as the predominant respiratory
lipoquinone and C17:0 anteiso as the major fatty acid. A neighbor-joining tree based on 16S rRNA gene sequences
showed that the isolate falls within the evolutionary radiation enclosed by the genus Microbacterium. Strain
EF45044 showed the highest 16S rRNA gene sequence similarities with Microbacterium ketosireducens DSM 1251T
(98.2%). The DNA G+C content of strain EF45044 was 71.4 mol%. On the basis of phenotypic, phylogenetic,
chemotaxonomic, and genetic data, strain EF45044 was classified in the genus Microbacterium as distinct novel
species, for which the names Microbacterium sp. EF45044 sp. nov. is proposed.
[This work was supported by National Research Foundation of Korea (NRF) grants (NRF-2020R1F1A1076624 and
NRF-2016M3A9A5953528).]
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Antioxidant and Anti-inflammatory Effects of Abelmoschus manihot L. Extracts
Fermented with Bacillus licheniformis CP6 from Korea South Sea
Min Kyeong Kim1, Yu Jeong Yeom1, Joo Young Yang1, Hae Rang Lee1, Ga Eul Jeong1, Seong-Bo Kim2, Young-Jik Lee3,
Dong-Woo Lee4, Mi-Hwa Park5, and Sang-Jae Lee1*
1

Major in Food Biotechnology and Research Center for Extremophiles & Marine Microbiology, Silla University, Korea
2
Bio-Living Engineering Major, Global Leaders College, Yonsei University, Korea
3
Department of Bio-cosmetics, Seowon University, Korea, 4Department of Biotechnology, Yonsei University, Korea
5
Departrment of Food and Nutrition, Silla University, Korea

In this study, we investigated the antioxidant and anti-inflammatory effects of fermented Abelmoschus manihot
L. extracts in lipopolysaccharide (LPS)-stimulated RAW 264.7 mouse macrophages. The fermentation was
performed using Bacillus sp. in mixture of Abelmoschus manihot L. at 37°C for 1days (Named CP6-1D). DPPH radical
scavenging activity of CP6-1D was increased in a 73% to 76%. The CP6-1D suppressed reactive oxygen species (ROS),
nitric oxide (NO) production and the expression of iNOS and COX-2. Also, CP6-1D showed inhibitory effect on the
production of pro-inflammatory cytokines such as interleukin-6 (IL-6), interleukin-1  (IL-1  and tumor necrosis
factor-  (TNF-  ). Moreover, nuclear translocation of nuclear factor-κB (NF-κB) and phosphorylation of mitogenactivated protein kinases (MAP kinase) were strongly suppressed by CP6-1D in LPS-stimulated RAW 264.7 cells. The
present results indicate that CP6-1D has an antioxidant and anti-inflammatory properties. Based on these results, it
is expected to be able to provide basic information that can be used as a new natural functional material in various
fields such as functional foods, cosmetics, and pharmaceutical materials.
[This research was supported by the National Research Foundation of Korea (NRF) grant funded by the Korea
government (MSIT) (NRF-2020R1C1C1006299).]

C014

Lichen Microbiome of Polar Regions are Structured by Mycobiont and
Environmental Factors
Seonghan Jang1, Hyun-Ju Noh2, Soon Gyu Hong1, Binu Mani Tripathi1, Mincheol Kim1, Seung Chul Shin1,
Timofey A. Pankratov3, Jae Eun So1, Hyoungseok Lee1, and Yung Mi Lee1*
1

Division of Polar Life Sciences, Korea Polar Research Institute, Korea
Division of Microbiology, Honam National Institute of Biological Resources, Korea
3
Laboratory of viability of microorganisms, S.N. Winogradsky Institute of Microbiology, Research Centre of Biotechnology,
Russia Academy of Science, Russia
2

Lichens represent self-supporting symbioses consisting of a mycobiont (fungus) and a photobiont (algae and/or
cyanobacteria). In addition to mutualistic symbionts, diverse prokaryotic microbiome inhabits internal structure of
lichens. However, main drivers for lichen-associated bacterial communities and their functions remain poorly
understood, especially in lichens inhabiting cold environments. To understand the deterministic factors to shape
bacterial composition and potential functions of bacteria, we investigated the microbiome of 182 lichen specimens
belonging to 8 genera collected from polar and subpolar regions by 16S rRNA amplicon sequencing. Lichen bacterial
communities were dominated by Alphaproteobacteria (57.1±21.7%), followed by Acidobacteria (18.0±15.1%). The
extent of bacterial diversity varied by lichen species or geographical location. Mycobiont type was the primary driver
of bacterial community structure and effects of environmental factors were relatively weak, suggesting that lichen
microbiome may have co-evolved with their host. Niche breadth and prevalence of each amplicon sequence
variants (ASVs) revealed that some ASVs were omnipresent among samples (generalist) while others were confined
to a specific genus of lichen (specialist). These findings underpin that polar and subpolar lichen microbiome is
majorly determined by mycobiont type along with environmental factors related to geographical location.
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Potential Risks Assessment of Culturable Bacteria from the Arctic Regions
Woohyun Kim1,2, Seonghan Jang1, Yerin Park1, Jung Yong Yeh2, and Yung Mi Lee1*
1

Division of Life Sciences, Korea Polar Research Institute, Korea
Department of Life Sciences, College of Life Sciences and Bioengineering, Incheon National University, Korea

2

The Arctic is undergoing the most rapid changes in climate, warming by 1.9°C over the last 30 years and this increase
is two to three times faster than the global average. Permafrost, ground with a temperature remaining at or below 0°C
for at least two consecutive years, accounts for 25% of the Northern Hemisphere. These frozen soils are harbor a large
repository of microorganisms and thus, the thawing of permafrost by accelerating global warming may cause the
release of previously unidentified or ancient pathogens, which may affect the human health in the future. As the first
step to understand the potential risk of hazardous bacteria in the rapid warming Arctic regions, we performed
cultivation of various environmental samples including permafrost and lake sediments collected from Alaska, Canada,
Greenland, Russia, and Svalbard and identified by 16S rRNA sequencing. Total 286 bacterial strains belonging to 46
genera were isolated. To investigate whether bacterial isolates have any pathogenicity, we selected 78 strains of 19
genera based on the virulence factor database and previous studies on plant pathogens. Among selected strains,
genomes of 9 strains were sequenced, assembled to construct a complete genome, and then genes were annotated.
As a further study, we will analyze antimicrobial resistance genes and virulence factor genes from the sequenced
genome and also conduct physiological tests to verify the virulence and response to the temperature rise.

C016

Physiological and Metabolic Characteristics of a Novel Sulfur-disproportionating
Bacterium Isolated from a Deep-sea Hydrothermal Vent Chimney at the Suiyo
Seamount, Japan
Yurina Hashimoto1,2, Shigeru Shimamura2, Akihiro Tame2,3, Shigeki Sawayama1, Junichi Miyazaki2, Ken Takai2,
and Satoshi Nakagawa1,2*
1

Graduate School of Agriculture, Kyoto University, Japan
Japan Agency for Marine-Earth Science & Technology (JAMSTEC), Japan
3
Marine Works Japan, Japan

2

Deep-sea hydrothermal systems are extreme environments characterized by dynamic physicochemical conditions
formed by the mixing of reducing hydrothermal fluid with oxidizing cold seawater. Inorganic sulfur compounds
represent an abundant energy source for diverse sulfur-utilizing microorganisms. Compared with sulfur-oxidizing
and -reducing bacteria, the physiological and metabolic diversity of sulfur-disproportionating bacteria has been
poorly investigated, because of their fastidious nature. To date, only three sulfur-disproportionating bacteria have
been isolated from deep-sea hydrothermal systems. This study was undertaken to elucidate the physiological and
metabolic characteristics of sulfur-disproportionating bacteria in deep-sea vents.
A novel mesophilic, strictly anaerobic, chemolithoautotrophic sulfur-disproportionating, sulfate-reducing bacterium
was isolated from a hydrothermal chimney structure collected from the Suiyo Seamount in the Izu-Bonin Arc, Japan.
Molecular and physiological analysis revealed that the isolate was novel at the genus level in the class
Deltaproteobacteria. Comparative proteomic approach was used to investigate differences in the proteomic profile
between thiosulfate-disproportionating and hydrogen-oxidizing, sulfate-reducing cells. Several proteins with
unknown functions were found to be unique and abundant in thiosulfate-disproportionating cells, indicating the
possible involvement in a novel thiosulfate disproportionation pathway in the isolate. These results provide a
framework for future biochemical studies of the uncharacterized sulfur metabolism.
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Microbial Community Structure of Dark and Light Layers in the Quaternary
Hemipelagic Sediments
Fumiaki Mori1, Ann G. Dunlea2, Tomohisa Irino3, Takeshi Terada4, Richard W. Murray5, Ryuji Tada6,
and Yuki Morono1*
1

Geomicrobiology Group, Kochi Institute for Core Sample Research, Japan Agency for Earth-Marine Science and
Technology (JAMSTEC), Japan
2
Marine Chemistry & Geochemistry, Woods Hole Oceanographic Institution, United States
3
Faculty of Environmental Earth Science, Hokkaido University, Japan
4
Marine Works Japan LTD, Japan
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Woods Hole Oceanographic Institution, United States
6
Institute for Geo-Cosmology, Chiba Institute of Technology, Japan

The deep marine subsurface harbor a remarkable number of microbes where cells may live on geologic
timescales. It has been known that specific microbial lineages often become predominant (e.g., Atribacteria and
Dehalococcoidia) in the microbial community of subseafloor sediment through the selection processes by the
modern environmental stresses such as energy limitation. In contrast, a part of microbial communities reflects
paleoceanographic conditions at the time of deposition even in the deeper part of subsurface sediment. However,
it is not clear to which extent deep subsurface microbial community shifts in response to post-burial geochemical
conditions, or whether they are merely subsisting for thousands to millions of years after isolation from the
surface. We targeted the microbial communities in sediments, which were collected by the International Ocean
Discovery Program (ODP) Exp346 at the Japan Sea, focusing on dark and light subsurface sediment layers. The
deeper part of the sediments are characterized by centimeter- to meter-scale alternations of dark and light layers,
which were formed in association with the past oxygen depletion associated with glacial-interglacial cycles. We
sequenced the 16S rRNA genes of DNA samples extracted from 118 samples spanning from 1.4 to 257.5 meters
below the seafloor. The Class of JS1 (Caldatribacteriota) dominated the entire microbial community throughout
the whole samples, and Dehalococcoidia (Chloroflexi) was the second most abundant Class across all sites. We will
further discuss the relationship between the microbial community structures and in the dark- and light-colored
layers.

88 | www.asme2022.com

Poster

C018

Life Detection in Deep Subseafloor Samples through Deep Learning: for
Achieving Object Recognition of Subseafloor Microbial Cells
Tomoya Nishimura1, Hiroshi Nagahashi2, Masayuki Yamamura2, Megumi Becchaku3, Takeshi Terada4, and Yuki Morono3*
1

Applied Science Program, Graduate School of Integrated Arts and Sciences, Kochi University, Japan
2
School of Computing, Tokyo Institute of Technology, Japan
3
Geomicrobiology Group, Kochi Institute for Core Sample Research, Japan Agency for Earth-Marine Science and
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4
Marine Works Japan Ltd., Japan

Detection and enumeration of biomass provide fundamentally important primary information about the
biosphere. However, the recognition of microbial cells is often hampered by the nonbiological particles that exist in
the subseafloor sediment and thus challenging to produce consistent data. Even with the fluorescence color-based
discrimination of microbial cells and sediment particles (SYBR-DiCE, Morono, et al. 2008), there are still many
non-cell particles that require specific recognition by trained experts.
Here, we tested deep learning-based image recognition of microbial cells in the sediment samples for enabling
accurate detection and enumeration of microscopic images without the effort of a trained expert. Since the targets are
micrometer-sized microbes, relative occupation in the microscopic image was minimal. We constructed a hybrid program
to detect and pick up the “cell-like particles” by fluorescence color and then image recognition by the trained classifier.
Although the success rate for the identification is up to 70% so far, we will discuss how we plan to increase the
ratio of success and finally implement the life detection of subseafloor microbes in the future.

C019

Psychrotolerant Bacillus mycoides U53 from Far East Russia: Isolation,
Cold-active Enzymes, and Cold-adaptation Mechanisms
Yi-Hsuan Chen1, Ha My T. Phan2, Marina Sidorenko3, and Shir-Ly Huang2*
1

Faculty of Pharmacy, 2Institute of Microbiology and Immunology, National Yang Ming Chiao Tung University, Taipei,
Taiwan
3
Federal Scientific Center of the East Asia Terrestrial Biodiversity, Far East Branch of the Russian Academy of Sciences,
Vladivostok, Russia

The far east region of Russia has unique geological features which provides rich sources for the diverse
psychrophilic and psychrotolerant microorganisms. In total, 40 bacterial strains were isolated and identified. The
secretory enzymes such as cellulase, xylanase, pectinase, amylase and protease were screened at different
temperatures (4-37°C) by a plate-based method. Two Bacillus species were shown to produce a variety of
cold-active extracellular enzymes. The genome of Bacillus mycoides U53 contains 4 contigs with a total of 5,710,017
bp (GC content of 35.4%) and 5,847 genes. 163 genes were identified with known or predicted roles in bacterial cold
adaptation including anti-cold/osmotic/oxidative stresses, cell envelope formation, DNA replication/repair and
translation and carbon storage. Further pan-genome analysis to compare six available genomes of B. mycoides
identified 20 specific genes only in strain U53. They were assigned to two functional categories: membrane and
peptidoglycan alteration and polysaccharide capsule. Combine with extracellular cold-active hydrolytic enzymes,
the cold-adaption mechanism of B. mycoides U53 was proposed: (1) Production of degraded nutrients at 4-10°C by
extracellular cold-active enzymes including screened endoglucanase, amylase, xylanase and protease (2) Carbon
storage by accumulation of polyhydroxyalkanoic acids (3) Membrane fluidities maintained by altered fatty acid
composition (4) Formation of protective extracellular envelope.
[This work was financially supported by the Taiwan Ministry of Science and Technology- Far East Branch of the
Russian Academy of Sciences Joint Research Project (MOST 107-2923-B-010-001-MY3)]
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Bacterial Community Composition Change in Temperate Octocoral,
Scleronephthya gracillimum Responding to Season and Thermal Stress
Yejin Jo, Nayun Lee, and Seonock Woo*
Korea Institute of Ocean Science & Technology, Korea

Coral diversity is affected by climate change. Environmental impacts can induce the change of relationship
between coral and its symbiotic microbial community. In this study we collected a temperate octocoral,
Scleronephthya gracillimum in Jeju, Korea and exposed to various seawater temperature (26, 28 and 30°C ) to
compare the composition of bacterial community using the Next Generation Sequencing technique. The results
showed total 88 species of bacteria were found in S. gracillimum in wild condition and they were classified to 72
genus, 41 family, 32 order, 16 class and 13 phylum. Soft coral, S. gracillimum were enriched in OTUs from the
families Hahellaceae, Mycoplasmataceae, Alteromonadaceae, Anaplasmataceae, and Rhodobacteraceae. The
number of bacteria species belong to following 8 families, Flavobacteriaceae, Bacillaceae, Comamonadaceae,
Alteromonadaceae, Pseudoalteromonadaceae, Hahellaceae, Pseudomonadaceae and Vibrionaceae robustly
increased in responses to the heat stress in 26, 28 and 30°C groups and the species Mesoflavibacter sabulilitoris,
Vibrio tubiashii, Pseudomonas azotoformans, Oceanospirillum beijerinckii, Neptuniibacter Caesariensis, and Amphritea
spongicola showed proportionally increase by temperature. The number of Endozoicomonas elysicola showed an
increase up to 26°C then decrease in 28 and 30°C groups.
[This was supported by 'Development of Marine Biotiocs via study of microbiome on marine organisms
(20210469) and NRF (No.2020R1A2B5B02001619)]

D002

Acquisition of Marine Bioresources from Exploration in the West Pacific (High Seas)
Yun Jae Kim, Ayeon Choi, Sung Hyun Yang, Hyein Jin, Jae Kyu Lim, and Kae Kyoung Kwon*
Korea Institute of Ocean Science & Technology, Korea

The main goals of this work were to establish a foundation for marine bioprospecting by securing high seas
marine living organisms and the extracts library therefrom, and to provide information on high seas marine
bioresources and biological activities (anti-bacterial, -cancer, -inflammatory, -oxidant, and -viral) thereof for the
establishment of the database for a national management system for marine bioresources. In 2021, the seabed
topography and habitat environment were investigated through the exploration of the sea mountains (3 sites) in the
northeastern of Guam island (in the high seas of the Northwest Pacific Ocean). Sediment samples were obtained
using equipment such as MC (multiple corer), BC (box corer), and GPC (giant piston corer). To obtain benthic
samples, ROV (remotely controlled vehicle) equipment was mainly used, and BT (baited trap) and EBS (epibenthic
sledge) equipment were additionally used. From the sample, a total of 319 species of biological resources were
secured, including 214 species of microorganisms (190 species of bacteria, 24 species of fungi), 18 species of
nanoplankton, 42 species of microplankton, 41 species of benthic animals, and 4 species of fish, of which 218 species
were cultured. The secured biological resources were converted into a database and registered in the MABIK
Marine Biobank.
[This work was supported by grants from the Ministry of Ocean and Fisheries (PM62830).]
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Comparison of Microbial Community Composition by Metagenome Analysis of
the Marine Sponges Collected from the Jeju Island, East Coast of Korea, and
Chuuk Lagoon in Micronesia
Yeong-Jun Park1,2, Mi-Jeong Park1,2, Yeon-Ju Lee1,2, Jae Kyu Lim1,2, and Kae Kyoung Kwon1,2*
1
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Marine sponges are ancient metazoans that are populated by distinct and highly diverse microbial communities,
which can constitute up to 35% of the sponge biomass. In this study, we compared the entire microbial diversity of
three different marine sponge samples were collected from Jeju Island (216JJ-002), East Coast of S. Korea
(2110BU-01), and Chuuk Lagoon (194CH-07) in the Federated States of Micronesia and subjected to a cultureindependent microbial cell collection. Total bacterial DNA was extracted using the standard manual extraction with
Phenol-Chloroform method, and shotgun sequencing was carried out using the Illumina Novaseq6000 sequencer.
The obtained DNA fragments from the three samples were assembled into 368,888, 426,107, and 390,533 contigs,
with total sizes of 967 Mbp, 362 Mbp, 311 Mbp, respectively. Taxon analysis is performed by indexing the reads for
bacterial/archaeal genomes and classifying the sequences using Centrifuge v1.0.4. Based on the reads-based
taxonomy comparison, Proteobacteria is the most abundant phylum of the three samples, with  -Proteobacteria
accounting for most of these sequences. The results suggest that the major phylum of sponge-associated
microorganisms is Proteobacteria. The abundance of Phylum Actinobacteria that produce various natural
compounds was the highest at 24% in Chuuk lagoon, and only 6% and 1% were observed in Jeju Island and East Sea
samples, respectively.
[This work was supported by KIOST In-house program (No.PEA0021).]

D004

Polyhydroxyalkanoate Production by Vibrio Species Isolated from the
Sea Coast of Korea
Jong-Min Jeon1, Yung-Hun Yang2, and Jeong-Jun Yoon1*
1

Green & Sustainable Materials R&D Department, Korea Institute of Industrial Technology (KITECH), Korea
2
Department of Biological Engineering, College of Engineering, Konkuk University, Korea

Polyhydroxyalkanoate (PHA) are biodegradable polymers that are produced by various microbes, including
Ralstonia sp., Pseudomonas sp., Bacillus sp. and many other engineered strains. In this study, a Vibrio sp., which
produces of PHA, was isolated from the Korean marine environment. To determine optimal growth and production
conditions, environments with different salinity, carbon sources, and nitrogen sources were evaluated. We found that
the use of a medium containing 2% (w/v) fructose, 0.3% (w/v) yeast extract, and 5% of sodium chloride (NaCl) in M9
minimal medium resulted in 55% of PHA content and 4.9 g/L of biomass over 2 days. Addition of propionate resulted
in the production of poly(3-hydroxybutyrate-co-3-hydroxyvalerate) (P(HB-co-HV)) copolymer as propionate acts as a
precursor for the HV unit. In these conditions, the bacteria produced poly(3-hydroxybutyrate-co-3-hydroxyvalerate)
containing a 16% of 3HV fraction with 0.3% propionate added as the substrate. This study showed the conditions for
halophilic PHA producers to be later implemented at a larger scale.
[This study was supported by National Research Foundation of Korea (NRF) grant funded by the Korea
government (Ministry of Science and ICT, MSIT) (NRF-2020R1A2C2102381).]
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Model-trained Acidic Pollution Sources Prediction Based on 16S rRNA Gene
Profiling and Machine Learning
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Environmental Biotechnology Laboratory, Institute of Biotechnology, Vietnam Academy of Science and Technology, Korea
3
Department of Environmental Engineering, Korea Maritime and Ocean University, Korea
4
Institute for Environment and Energy, Pusan National University, Korea

2

This study aimed to investigate the 16S rRNA gene profile for each contamination source of acid-contaminated
soil in a lab-scale soil column and predict the contamination source using the 16S rRNA gene profile. The soil pH was
greatly reduced in the range of 1.8 and 6.3 by four kinds of acid (i.e., HCl, HF, HNO3 and H2SO4). The data generated
by T-RFLP clearly showed the fluctuation of the bacterial community structure of acidic soil compared to the stable
pattern of control samples. Also, the NGS on the selected 36 samples exhibited the dissimilarity of the bacterial
community structure in terms of taxonomic information of the predominant bacteria according to the acidic
pollution sources. For contamination source prediction, indicator species were selected from T-RFLP and NGS
profiles, made into input data, and then predicted using the Multi-layer Perceptron Classifier (MLPClassifier) machine
learning technique. As a result, when Genus, Species, and OTU level NGS input dataset were used, the prediction
accuracy was 94~100% while T-RFLP input dataset showed a lower prediction accuracy of 86% which was similar to
that of Family and Order levels of NGS input dataset.
[Supported by grants from KEITI, MOE, NRF and MSIT]

D006

A Study of Bioaerosol Detection Methods Based on Molecular Approach
Gihan Lee1,2 and Keunje Yoo1,2*
1
Department of Environmental Engineering, Korea Maritime and Ocean University, Korea
Interdisciplinary Major of Ocean Renewable Energy Engineering, Korea Maritime and Ocean University, Korea

2

Currently, the interest in bioaerosols was greatly increased due to worldwide public health issues. A large number
of studies were conducted in hospitals, laboratory buildings, wastewater treatment plants, and urban downtown
areas. However, the microbiome in bioaerosols is greatly limited owing to the absence of suitable methodological
approaches. There is still no standard sampling method that has been established to effectively detect microbiome
in the atmosphere environment. Therefore, the aim of this study is to provide molecular-based technologies and
advanced approaches in bioaerosol detection for effective monitoring. To effectively obtain DNA yield and purity,
current pretreatment methods were investigated. After critical review, pretreatment methods were divided into
three categories (buffer wash, preheating, and bead-beating) and suggested optimization methods for improving
each method limitation. In addition, because the high-throughput qPCR (HT-qPCR) and metagenomic approaches
are considered the most useful methods for understanding microbial community information in environmental
samples, we reviewed what is the important considerations to apply these methods. This review can help to
determine effective methods for the detection and/or monitoring of bioaerosols.
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D007

Comparison of Microbial Community Structure Shaped by the Four Different
Mucosal Surfaces of Olive Flounder (Paralichthys olivaceus)
Jihyun Yu1,2, Min Joo Kang1,3, Mi-Jeong Park1, Teddy Namirimu1,2, Yun jae Kim1, Choong Hwan Noh1, Sung-Pyo Hur1,
and Kea Kyoung Kwon1*
1

Korea Institute of Ocean Science and Technology, Korea
KIOST School, University of Science and Technology, Korea
3
Department of Marine Biology, Pukyong National University, Korea
2

The mucosal surfaces of aquatic organisms are constantly interacting with external environments. The symbiotic
microflora of mucosal surfaces protects the host from pathogenic bacteria by either directly inhibiting growth or
competing for physical resources and the ecological niche. Despite the importance of mucosal surfaces, the
investigation on the microbial composition of diverse mucosal surfaces for representative aquaculture species is still
limited. In this study, the microbiota of four different mucosal surfaces (gill, skin, Intestine, ovary) of olive flounder
with or without specific wavelength of LED light was analyzed. The structure of olive flounder microbiota was
dominated by Proteobacteria, Fusobacteria, Bacteroidetes, Firmicutes at phylum level. Among the four mucosal
surfaces, skin and gill mucus directly exposed to seawater showed a significantly higher diversity compared to
intestinal and ovarian mucus. Microbial community analysis showed that exposure to LED light does not make
significant difference on olive flounder microbiota. Raising water and feed shared 37.5% and 21.0% of species with
olive flounder respectively. Although no significant microbial composition change was observed in LED group, we
identified the microbial community structure including characteristic taxon of the four mucosal surfaces and 23 core
species shared among olive flounder, a representative aquaculture fish species in Korea.
[Supported by grant number 20210469 of MOF, Korea]

D008

Characterization of a Novel Chemolithoautotrophic Bacterium Isolated from the
Decayed Calcareous Algae
Hyein Jin1, Yun Jae Kim1,2, Jae Kyu Lim1,2, Mi-Jeong Park1,2, Sung-Hyun Yang1, and Kae Kyoung Kwon1,2*
1

Korea Institute of Ocean Science and Technology, Korea
KIOST School, University of Science and Technology, Korea

2

An anaerobic, mesophilic, Gram-staining negative, chemolithoautotrophic bacterium, strain MEBiC14396T was
isolated from the decayed calcareous algae samples at coastal area of Yeong-do, Busan. Based on the 16S rRNA gene
sequence analysis, strain MEBiC14396T showed a low similarity with genera in the Eubacteriales such as Andreesenia
angusta MK-1T (90.84%), Gottschalkia acidurici 9aT (90.21%), Brassicibacter mesophilus BMT (90.20%), and
Clostridiisalibacter paucivorans 37HS60T (89.88%). The isolated strain MEBiC14396T grew at 10–36°C (optimum,
22°C), pH 6.0-9.5 (optimum, pH 7.5), and in the presence of 0-7.5% (w/v; optimum, 2.0%) NaCl. The major fatty acids
profiles of strain MEBiC14396T were C14:0 (18.24%), and summed Feature3 (C16:1 ω7c and C16:1 ω6c, 11.54%). As a
result, two assembled contigs consisting of a chromosome and one plasmid were obtained. The genome size of strain
MEBiC14396T was 3.54 Mbp and the DNA G+C content was 45.1 mol%. The genome includes predicted 3,344 CDSs
including 24 rRNAs. Additionally, strain MEBiC14396T could grow on CO2 and H2 as sole carbon and energy source,
respectively. Based on the results of phylogenetic, phenotypic, and biochemical properties, Saccharilithotalea
psychrotolerans gen. nov., sp. nov., with the type strain MEBiC14396T is proposed in the family Gottschalkiaceae.
[This work was supported by the Korea Institute of Ocean Science and Technology (KIOST) in-house program (PEA0022).]
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D009

Determination the Role of Soil Microbiome in the Survival of
Climate-sensitive Tree
Soo Bin Kim, Jae Uk Youn, Bo Ram Kang, Jee Hyun No, and Tae Kwon Lee*
Department of Environmental Engineering, Yonsei University, Korea

Alpine and subalpine environments are climate-sensitive ecosystems, and their unique vegetation are faced the
challenge of adapting or going extinct due to climate change. Recently, Abies koreana, an endemic species of Korea,
underwent a large dieback, resulting in a population decline. Research continues to predict the distribution of Abies
koreana and characterize the habitat environment using diverse statistical techniques, distribution prediction
modeling, geographic information system (GIS) to find the suitable countermeasure to this situation. However,
there are still no complete and precise research results on the causes of habitat loss, decline, and death. In this
study, we identify the impact the effect of climate change on the survival of Abies koreana by analyzing the
rhizosphere microbiomes. Rhizosphere soil was collected from the dead (12), declining (12), stressed (9), and
healthy (20) habitats and DNA of the soil was extracted, and 16S rRNA, ITS, and nifH were analyzed. Studies have
shown that each tree's rhizosphere microbiome community is different, and the characteristics of each community
can be determined. Through the results, it was possible to confirm the correlation between the microbiome change
of rhizosphere microbes and the growth, and it became a research opportunity to increase knowledge on related
topics.
[This work was supported by the National Research Foundation of Korea (NRF) grant funded by the Korea
government (MSIT) (No. 2020R1C1C100624912).]

D010

Screening of Bacteria for Tyrosinase Inhibition and Identification of Potent
Inhibitors from a Tidal Flat of the Yellow Sea
Jae Young Park, Eun Ryul Oh, Ye Jin Gwak, and Hyo Jung Lee*
Department of Biological Sciences, Kunsan National University, Korea

Overproduction and accumulation of melanin causes skin diseases such as melasma, freckles, and lentigo.
Melanin biosynthesis can be reduced by the inhibition of the tyrosinase enzyme, these inhibitors can be employed
as skin whitener of cosmetics. Therefore, the purpose of this study is isolation of bacteria inhibiting tyrosinase
activity and identification of potent inhibitor from isolated bacteria. One hundred fifty bacterial strains were
screened by measurement of tyrosinase inhibitory activity from a tidal flat of the yellow sea of Korea. Among them,
six bacterial strains were selected which have highest imbibition of tyrosinase activity. Of these, Bacillus
vietnamensis strain H15a has 54% of tyrosinase inhibition rate for tyrosine and 65% for L-DOPA after culture at 37°C
for 7 days in MB medium. LC-Q-TOF MS was used to identify potent inhibitors from the six strains. The metabolites
of the six strains were extracted with an organic solvent, and fractioned through Sephadex LH-20 column. As a
result, two substances were analyzed as potent inhibitors. Additionally, production mechanism of these metabolites
will be discussed based on whole genome.
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D011

Oceanibacter algicola gen. nov., sp. nov., Isolated from a Marine Alga
Jae Kyeong Lee and Che Ok Jeon*
Department of Life Science, Chung-Ang University, Korea

A Gram-stain-negative and strictly aerobic bacterium, designated strain J2-8T was isolated from a marine alga in
South Korea. Cells of strain J2-8T were non-motile rods showing catalase-positive and oxidase-positive activities. The
growth of strain J2-8T was observed at 10–37°C (optimum, 30°C) and in the presence of 1–5% (w/v) NaCl (optimum,
3-4%). The isoprenoid quinone detected was only ubiquinone-10. The major polar lipids of strain J2-8T consisted of
phosphatidylcholine, phosphatidylglycerol, phosphatidylethanolamine, an unidentified aminolipid, two unidentified
phospholipids, and three unidentified lipids. The G+C content of the genomic DNA was 59.7%. Strain J2-8T was most
closely related to Phaeobacter gallaeciensis BS107T, Pelagimonas varians SH4-1T, Primorskyibacter sedentarius
KMM 9018T, and Ruegeria atlantica 1480T with 97.82, 96.78, 96.53, and 94.87% 16S rRNA gene sequence
similarities, respectively, but the strain formed a phylogenetic lineage distinct within the family Rhodobacteraceae.
Based on phenotypic, chemotaxonomic, and molecular properties, strain J2-8T represents a novel genus of the
family Rhodobacteraceae, for which the name is Oceanibacter algicola gen. nov., sp. nov., is proposed. The type
strain of the type species is J2-8T (= KACC 22591T).

D012

Isolation and Characterization of Novel Marine Polysaccharide-degrading
Bacteria in Bacteroidetes Phylum
Tra Thi Huong Nguyen1,2, Forbes Avila1,2, Neak Muhammad1,2, and Song-Gun Kim1,2*
1

Biological Resource Center, Korean Collection for Type Cultures, Korea Research Institute of Bioscience and Biotechnology, Korea
2
University of Science and Technology (UST), Korea

Bacteroidetes is the primary group of marine polysaccharide-degrading bacteria, which plays a principal role in
the carbon cycle in the marine ecosystem. To understand their strategy and potential polysaccharide-degrading
enzymes, the isolation of the novel bacteria of phylum Bacteroidetes is essential. In this study, we isolated novel
bacteria belonging to phylum Bacteroidetes and study their ability of polysaccharide degradation. Brown and red
algae, marine squirts, and seagrasses were collected from the East Sea and the West Sea of Korea. By mimicking the
natural condition, nine novel strains of Bacteroidetes were isolated. The novel strains exhibited the highest 16S
rRNA similarity of 87.7-95.6% to existing taxa, which means that the isolates are candidates for novel species, genus
or family. The neighbour-joining tree comprising all isolates showed the phylogenetic positions of the novel strains
belonging to two classes Bacteroidia and Cytophagia in the phylum Bacteroidetes. The whole-genome sequences of
all novel strains were determined by the hybrid of Nanopore and Illumina platforms. For further uncovering the role
of Bacteroidetes, especially novel strains, in the marine ecosystem through polysaccharide degradation, the
taxonomic studies, genome mining, and enzymatic characterization need to be assessed.

www.asme2022.com | 95

The 12th Asian Symposium on Microbial Ecology

D013

Isolation of Novel Gliding/Predatory Bacteria from the Islands in the West Sea, Korea
Neak Muhammad1,2, Tra Thi Huong Nguyen1,2, Forbes Avila1,2, and Song-Gun Kim2,3*
1

Biological Resource Center/Korean Collection for Type Cultures (KCTC), Korea Research Institute of Bioscience and
Biotechnology, Korea
2
University of Science and Technology (UST), Korea
3
Biological Resource Center/Korean Collection for Type Cultures (KCTC), Korea Research Institute of Bioscience and
Biotechnology, Korea

Marine environments represent 70% of the earth having a huge microbial diversity and an underexplored
location for novel microbes. Marine gliding bacteria can degrade plants and animal debris and involve in the
predation of bacterial prey cells. Predatory bacteria balance the ecosystem and can be used as an alternative to
antibiotics. Thus an attempt was made to explore various islands (Bigeum, Docho, Aphae) in the West Sea of Korea,
to search for a novel bacteria in marine samples (algae, tidal flat sediments, grasses, microbial mats, and
invertebrates). The samples were inoculated on low nutrient media made of 1/10 marine agar and seawater, and
incubated for 3 weeks at 15°C. The colonies formed were subcultured on marine agar and then its 16S rRNA genes
were sequenced. Low-nutrient and long incubation facilitated the isolation of novel strains (20%) and 42% of the
novel strains were gliding bacteria. A total of 120 isolated strains, 22 were novel Gram-negative bacteria belonging
to the phyla Bacteroidetes or Proteobacteria and two were novel Gram-positive bacteria. The gliding bacteria were
screened for predatory, antimicrobial, and antioxidant activities. Four strains were taxonomically characterized
belonging to the genus Vibrio, Flavobacterium, Bernardetia, and Flexithrix. Our results demonstrate that diverse
samples collection and cultivation techniques can lead to the isolation of more novel bacterial taxa.

D014

The Study of the Microbial Community after the Opening of the Nakdong River Weir
Jeongwon Kim1,2 and Keunje Yoo1,2*
1

Department of Environmental Engineering, Korea Maritime and Ocean University, Korea
Interdisciplinary Major of Ocean Renewable Energy Engineering, Korea Maritime and Ocean University, Korea

2

Weirs change hydrological conditions of natural rivers, form environmental gradients, and provide unique
habitats in diverse landforms, thus facilitating distinct distribution patterns of aquatic microbial communities in the
river ecosystems. However, little study conducted that how weirs impact microbial communities in river. Therefore,
this study investigated microbial community in nine weirs of the Nakdong River before and after weir opening in
South Korea. After opening the nine weirs, the stagnant water was mixed with the river water, and the bacterial
diversity and richness were significantly increased compare to closed weirs samples (p <0.05). However, alpha
diversity indexes were gradually returned to original diversity after one month of opening the weirs. PCoA results
showed that there was no significant difference between the upstream and downstream microbial communities
before weir opening, while microbial community significantly changed in the middle and downstream of the river
after weir opening of one month. These results suggested that weir opening action significantly affects the aquatic
ecosystems in Nakdong river. To better understand weirs effects on microbial community dynamics and their role in
river ecosystems, long-term monitoring is absolutely needed in the near future.
[Supported by the National Research Foundation of Korea (NRF) grant funded by the Korea government (Ministry
of Science, ICT & Future Planning) (No.2020R1C1C1008951)]
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D015

The Relationship between Microbial Community of Microplastics and
Environmental Factor in Coastal Area of Busan City, South Korea
Suyeon Bae1,2 and Keunje Yoo1,2*
1

Department of Environmental Engineering, Korea Maritime and Ocean University, Korea
Interdisciplinary Major of Ocean Renewable Energy Engineering, Korea Maritime and Ocean University, Korea

2

In recent years, microplastic (MP) contamination in marine environments has growing concerns due to widespread
to the ocean. However, the relationships between biofilm formation bacteria and marine environmental factors in
the coastal areas are unclear yet. This study investigated how environmental factors contribute to the composition
of MP-associated bacterial communities in marine. 16S rRNA gene sequencing was used to identify bacterial
communities between six MPs and seawater from coastal area in Busan, South Korea. The results indicate that
Flavobacteriaceae and Rhodobacteraceae were relatively high abundances in all sample types. Lefse showed that
Sneathiella, Flavobacterium and Lactobacillus and Desulfovibrio, etc. genera were significantly increased in MP
samples compared with seawater samples. The RDA showed total nitrogen, total phosphorus, chlorophyll-a,
temperature, chemical oxygen demand, dissolved oxygen, suspended solid and salinity were the important factors
of the variation of bacterial community composition in the MPs. These findings will be helpful for understating the
bacterial biofilms and potentially influential factors in the marine environment. However, further study is needed to
improve the understanding of plastisphere microbial communities present in the marine environment.
[This work was supported by the National Research Foundation of Korea (NRF) grant funded by the Korea
government (Ministry of Science, ICT & Future Planning) (No.2020R1C1C1008951)]

D016

Colonization Characteristics Communities Attached to Microplastic Surface
according to Exposure Time and Polymer Types in the Marine Environment
Hyunsu Kim and Keunje Yoo*
Department of Environmental Engineering, Korea Maritime and Ocean University, Korea

The presence of microplastics (MPs) in the marine environment has become a global environmental issue.
Recently, biofilm forming bacteria on MPs surface has much attention due to their specific role in plastic ecology.
However, microbial community information still lacking in South Korea. Therefore, the aim of this study is to
understand the characteristics of the microbial community, according to different polymer types and marine
exposure times. Four polymers, such as PE, PP, PS and PVC fragments, were incubated in the marine environment
for three time periods (46, 63 and 102 days) in Busan city, South Korea. Scanning Electron Microscopy (SEM) result
indicated that the biofilm density on the MP surface was relatively higher in PE and PP than PS and PVC. Moreover,
the microbial community based on 16S rRNA genes showed that although Proteobacteria, Bacteroidetes, and
Firmicutes, which are known as biofilm-forming bacteria were dominant in all MPs samples, their proportions were
different according to polymer type and exposure time. These results imply that MP-associated biofilm communities
were different ecological roles according to exposure time and polymer types. However, long-term monitoring
should be necessary to understand plastisphere microbial communities present in the marine environment.
[This work was supported by the National Research Foundation of Korea (NRF) grant funded by the Korea
government (Ministry of Science, ICT & Future Planning) (No.2020R1C1C1008951)]
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Antimicrobial Spectrum and Characterization of Purified Recombinant Micro
Halocin HB384, Derived from Halophiles
Bo Hyeon Park1, Ga Eul Jeong1, Dariimaa Ganbat1, Ga yeon Nam1, Hyeon nyung Kim1, Dong-Woo Lee2,
Seong-Bo Kim3, Yong-Jik Lee4, Han-Seung Lee1, and Sang-Jae Lee1*
1

Major in Food Biotechnology and Research Center for Extremophiles & Marine Microbiology, Silla University, Korea
2
Department of Biotechnology, Yonsei University, Korea
3
Bio-Living Engineering Major, Global Leaders College, Yonsei University, Korea
4
Department of Bio-Cosmetics, Seowon University, Korea

The problem of resistance due to excessive abuse of antibiotics is the cause of the birth of multidrug-resistant
bacteria, and the problem has not been solved until now. Therefore, as a solution to the problem of existing
antibiotics, attention was paid to the search for antimicrobial peptides (AMPs) whose resistance problem was not
revealed. In this study, AMPs derived from halophiles were obtained based on the gene information of halocin
peptides. It was named HB384, and the gene encoding HB384 was cloned into pGST vector and the recombinant
HB384 was expressed in E. coli BL21. The recombinant protein was purified by GST affinity chromatography, and the
molecular weight of HB384 was 3.14 kDa. Disk diffusion assays were performed to evaluate antimicrobial activity.
HB384 showed antimicrobial activity against Gram-positive bacteria S. aureus, B. subtilis and Gram-negative
bacteria S. typhimurium, E. coli. Moreover, HB384 was stable at 99°C for 8 hours, as the concentration increased,
antimicrobial activity against pathogen. In less than 6 µg, HB384 almost reached the maximum antimicrobial activity
against pathogen. As a result, purified HB384 is expected to be applicable not only as a functional peptide material,
but also as a substitute for existing antibiotics.
[This work was supported by National Research Foundation of Korea (NRF) grants (NRF-2020R1F1A1076624)]

D018

Salinimicrobium sp. HN-2-9-2 sp. nov., Isolated from Seawater from Tongyeong,
Republic of Korea
Dariimaa Ganbat1, Bo Gyoung Choi1, Dong-Woo Lee2, Seong-Bo Kim3, In-Tae Cha4, Won-Jae Chi4, Ki-Eun Lee4,
and Sang-Jae Lee1*
1

Major in Food Biotechnology and Research Center for Extremophiles & Marine Microbiology, Silla University, Korea
2
Department of Biotechnology, Yonsei University, Korea
3
Bio-Living Engineering Major, Global Leaders College, Yonsei University, Korea
4
National Institute of Biological Resources, Korea

A novel Gram-negative, non-motile, and moderately halophilic rod-shaped bacterium HN-2-9-2 was isolated
from seawater in Tongyeong, Republic of Korea. The strain was able to grow at concentrations of 0.5-7% (w/v) NaCl
(optimum 3% NaCl), at pH 5.5-8.5 (optimum pH 7.0-7.5) and in a temperature range of 18-45°C (optimum 37°C). On
the basis of 16S rRNA gene sequence analysis, strain HN-2-9-2 was closely related to Salinimicrobium xinjiangense
BH206T (98.22%), Salinimicrobium terrae YIM C338T (97.70%), Salinimicrobium soli CAU 1287T (97.16%),
Salinimicrobium sediminis CGMCC 1.12641T (96.95%), Salinimicrobium gaetbulicola BB-My20T (96.54%),
Salinimicrobium marinum KMM 6270T (96.12%), Salinimicrobium flavum X7T (95.29%) and Salinimicrobium catena
HY1T (94.81%). The DNA G+C content of the strain was 43.01 mol%. On the bases of chemotaxonomic, phenotypic,
and genotypic data, strain HN-2-9-2 represents a novel species of the genus Salinimicrobium, for which the name
Salinimicrobium sp. nov. is proposed.
[This work was supported by National Research Foundation of Korea (NRF) grants (NRF-2020R1F1A1076624 and
NRF-2016M3A9A5953528).]
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D019

Spatio-temporal Shift of Benthic Bacterial Communities Associated with Sulfur
Cycles in Jinhae Bay, South Korea, Influenced by Seasonal Hypoxia
Hyeonji Lee, Hyeyoun Cho, Jin-Sook Mok, Yong-Jae Baek, Ye-Rim Lee, and Jung-Ho Hyun*
Department of Marine Sciences and Convergence Engineering, Hanyang University, Korea

Prokaryotic communities sensitively respond to environmental changes. To elucidate the impact of hypoxia on
benthic microbial communities related to sulfur cycling in Jinhae Bay (JB), we investigated geochemical constituents,
sulfate reduction rates (SRR), and bacterial communities at two sites (Dangdong; DD & Center of basin; CB) on May,
July, October, and December 2019. The levels of dissolved oxygen (DO) in bottom-water at DD site (~0.51 mg/L)
were lower than that of CB site (~2.16 mg/L) during hypoxia (July & October). In the sediment of DD site with severe
hypoxic conditions, the SRR increased rapidly, which resulted in an accumulation of NH4+, PO43- and H2S. Similarly,
16S rRNA gene sequencing revealed that benthic bacterial communities varied with the intensity of hypoxic
conditions at DD site and CB site. The distribution of functional members involved in reduced inorganic sulfur
compounds (H2S, S0 & S2O32-), such as Prosthecochloris in Chlorobi (green sulfur bacteria) associated with anoxygenic
photosynthesis and Sulfurovum in ε-proteobacteria utilizing S0 as an electron donor were greatly higher at highly
sulfidic DD site. In contrast, Thioprofundum in  -proteobacteria oxidizing sulfur compounds was abundant at less
sulfidic CB site. Our results indicated that geochemical properties and bacterial communities in JB sediments were
largely determined by intensity and duration of hypoxia.
[Supported by the NRF grant funded by the MSIT, NFRDI and project BK21 FOUR]

D020

Shift in Prokaryotic Communities Associated with Seasonal Hypoxia in
Jinhae Bay, South Korea
Haneul Kim1, Hyeyoun Cho1, Hyeonji Lee1, Sangbeom Baek1, Seojin Lee1, Won-Chan Lee2, and Jung-Ho Hyun1*
1

Dept. of Marine Sciences and Convergence Engineering, Hanyang University, Korea
Marine Environment Research Division, National Institute of Fisheries Science, Korea

2

To investigate the variations of prokaryotic communities associated with hypoxia in water column, seawater
samples were collected according to hypoxic stages in the Jinhae Bay (JB) in April (pre-hypoxia), August (mid-hypoxia)
and November (post-hypoxia). Bacterial 16S rRNA gene sequencing revealed that SAR11 (Pelagibacter) comprised
up to 32% of total sequences in non-hypoxia, and decreased to 4% during hypoxia. In contrast, during the severe
hypoxic condition (DO <1 mg L-1) in August, Sulfurovaceae and SUP05 clade (i.e., S-oxidizers) dominated, comprising
16% and 19% of total sequences, respectively. Besides, Chlorobiaceae, obligate anaerobic photolithotrophic S-oxidizer,
was detected at anoxic euphotic zone (up to 3.6%). On the other hand, concentrations of NH4+ rapidly decreased at
the interface of anoxic and suboxic zone in the bottom water, implying enhanced ammonia oxidation activity.
Quantification of amoA, the functional gene of ammonia-oxidizing archaea (AOA) and bacteria (AOB), showed that
AOA amoA (1.3 x 108 copies L-1) was 25-fold greater than that of AOB amoA (5.2 x 106 copies L-1). The results
indicated that AOA plays a key role in removing NH4+ in the hypoxic water column of JB. Our results indicate that
hypoxia expanding around the coast controls function and diversity of prokaryotic communities, which regulates
biogeochemical elements (i.e., S, N) cycles in the water column.
[Supported by the NRF grant funded by the MSIT, NFRDI, and project BK21 FOUR.]
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HaV May Give Innovative Insights for Traditional Algal Virology
Keizo Nagasaki1*, Yusaku Funaoka1, Haruna Hiromoto1, Michiko Takahashi1, Daichi Morimoto1,2,
Hiromichi Maeda1, Kazuhiro Hanazaki1, and Kei Wada3
1

Kochi University, Japan, 2Japan Society for the Promotion of Science, Japan, 3Miyazaki University, Japan

HaV is a double-stranded DNA virus infecting the red tide-causing microalga, Heterosigma akashiwo. We recently
found that the 74 amino acids (74aa x 21-31) repeat region on the super-giant protein (VP492) of HaV may be related
in determining its intraspecific host specificity. Based on the polymorphism of each 74aa unit, exciting possibilities
were explored as mentioned below: 1) specific recognition of sugar chains by each 74aa “probe” determines the host
specificity, 2) amino acid residue substitution in each 74aa unit may determine its sugar chain recognition. Sequence
comparison of 74aa repeat region suggests its diversity was accumulated through the arms race between H.
akashiwo and HaV. By comparing sugar chains of three H. akashiwo clones differing in virus sensitivity spectra by
LC-MS, high mannose-type glycans were commonly detected. On the other hand, specific affinity of 74aa against H.
akashiwo cell was verified by adsorption experiments. Integrating these data, the 74aa repeat region is expected to
be a suitable platform for designing "sugar-chain-recognizing molecules".
In recent medical field, attention has been focused on the close relationship between various diseases and their
specific sugar chains. Based on this backgrounds, early detection of each disease will be enabled by using the specific
sugar chain as a marker. Particularly, development of sensing technology for "quality" as well as "quantity" of sugar
chains is much anticipated. Studies on HaV may pave the way to solve this issue.
[This study was supported by JSPS KAKENHI Grant Number JP21H05057, the Kochi University President's
Discretionary Grant, and JST Grant Number JPMJPF2116.]

D022

Possible Mechanism of Viral Adsorption to the Bloom-forming Microalga
Heterosigma akashiwo
Yusaku Funaoka1, Haruna Hiromoto1, Kei Wada2, Michiko Takahashi1, Daichi Morimoto1,3, and Keizo Nagasaki1*
1

Kochi University, Japan, 2Miyazaki University, Japan, 3Japan Society for the Promotion of Science, Japan

HaV is a double-stranded DNA virus which infects the bloom-forming microalga, Heterosigma akashiwo
(Raphidophyceae). Previous studies revealed that (i) HaV is one of the significant factors affecting the termination of
H. akashiwo bloom; (ii) HaV clones showed different intraspecific host range; (iii) host clones had different virus
sensitivity spectrum. However, molecular mechanisms underlying the host-virus relationship are still enigmatic. The
objective of our project is to elucidate “key proteins” involved in determining the intraspecific host specificity.
Recently, we’ve focused on a giant protein (VP492) of HaV which has highly repetitive amino acid sequences. It
has a parallel  -helix structure on the N-terminal side occasionally found in the pectate lyase superfamily, and a
highly repetitive region composed of 74-amino-acid repeat sequence (74aa) on the C-terminal side. Bacterially
expressed polypeptide (74aa x 2) showed specific affinity to H. akashiwo cell. These data suggest VP492 functions as
“a selective adsorbent” and “a glycolytic enzyme” when HaV infects H. akashiwo.
By long PCR, VP492 gene (~15 kb) was successfully amplified from all 23 HaV clones tested. The amplicons are to
be sequenced by long-read sequencing platforms; so, our next goal will be finding some regularity between the
repetitive amino acid region and the host specificity.
[This study was supported by JSPS KAKENHI Grant Number JP21H05057, the Kochi University President's
Discretionary Grant, and JST Grant Number JPMJPF2116.]
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Retrospective Analysis of Dinoflagellate-infecting Viruses in Marine Sediment
Michiko Takahashi1, Kei Wada2, Syun-ichi Urayama3, Yuichi Masuda1, Kazuno Arai4, Masafumi Murayama4,
Yuji Tomaru5, and Keizo Nagasaki1,4*
1
Faculty of Science and Technology, Kochi University, Japan
Department of Medical Sciences, University of Miyazaki, Japan
3
Faculty of Life and Environmental Sciences, University of Tsukuba, Japan
4
Center for Advanced Marine Core Research, Kochi University, Japan
5
Fisheries Technology Institute, Japan Fisheries Research and Education Agency, Japan
2

Dinoflagellates are major phytoplankton that play an essential role in the biogeochemical cycling of elements
and fueling the marine food web in the ocean. Heterocapsa circularisquama RNA virus (HcRNAV) is the only
dinoflagellate-infecting virus isolated to date. Only limited data are available for the ecological dynamics of HcRNAV.
We revealed the past dynamics of HcRNAV in the marine sediment core by combining radiometric dating and
RT-PCR targeting the major capsid protein (MCP) gene of HcRNAV. Consequently, five HcRNAV variants were found
to be distributed throughout the marine sediment core over time sampled at the Uranouchi Inlet, Kochi, Japan,
where the Heterocapsa circularisquama, susceptible host of HcRNAV, was first discovered. Degenerate PCR
targeting the MCP gene of HcRNAV was also performed and diverse sequences derived from HcRNAV and related
viruses were successfully amplified. Here, we introduce the applicability of the retrospective approach for
speculating on the chronological distribution of rarely isolated viruses in the environment.
[This work was supported by Ministry of Education, Culture, Sports, Science and Technology (MEXT) of Japan
(Grant Numbers: JP16H06429, JP16K21723, and JP16H06437), the Japan Society for the Promotion of Science
(Grant Number: JP19J00346), the Ministry of Agriculture, Forestry and Fisheries (Project Number: JP005317), and
the Four-Dimensional Kuroshio Marine Science research project, Kochi University.]
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Do Bacteria Communicate in the Open Ocean?
1

Ayaka Uehara , Yuki Suzawa1, Masashiro Toya1, Susumu Yoshizawa2, Kazuhiro Kogure2, Nobuhiko Nomura3,4,
and Masanori Toyofuku3,4,5*
1
Graduate School of Science of Technology, University of Tsukuba, Japan
Atmosphere and Ocean Research Institute, The University of Tokyo, Japan
3
Microbiology Research Center for Sustainability (MiCs), University of Tsukuba, Japan
4
Faculty of Life and Environmental Sciences, University of Tsukuba, Japan
5
Suntory Rising Stars Encouragement Program in Life Sciences (SunRiSE), Japan
2

Quorum sensing (QS) is a bacterial cell-to-cell communication system that regulates various gene expressions in
response to their cell density via accumulation of extracellular signals. Still, it is unclear how this system is
maintained in environments such as the open ocean where cell density is low.
To answer this question, we analyzed Pseudomonas aeruginosa strains that were isolated from the open ocean.
We found that signal production and response differ among the strains. Interestingly, several isolates from the
ocean carried insertion sequence (IS) in the QS signal receptor gene, lasR.
To gain more insight into how the QS system is altered by IS, we analyzed one of the strains, Ocean-1187 that has
an IS in the lasR. We realized that two types of colonies appear from a single isolate of Ocean-1187. Whole genome
sequence analysis revealed that the different colony morphology was dependent on the insertion of the IS into lasR.
When Ocean-1187 that possesses an intact lasR was subcultured, cells with IS inserted in lasR appeared.
Furthermore, we found that there are multiple types of IS that can be inserted into lasR. These results suggest that
the IS in Ocean-1187 is mobile and therefore can alter QS activity by jumping in lasR.
Open Ocean is considered to be oligotrophic and very low in number of bacteria, and Ocean-1187 strain is
expected to have been exposed to such an environment for a long period of time. In general, QS is involved in the
regulation of many genes and has a high energy cost. We assume that the conversion of QS is beneficial for P.
aeruginosa to adapt to different environments.
[This work support by ERATO Nomura Microbial Community control Project, JSPS Grant-in-Aid for Scientific
Research, Suntory Rising Stars Encouragement Program in life Sciences (SunRiSE)]
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Investigation of the Algicidal Mechanism of the Marine Bacterium
Pseudoruegeria sp. M32A2M against the Harmful Alga Alexandrium catenella
Suhyung Cho1, Yujin Jeong1, Sang-Hyeok Cho1, Eunju Lee1, So-Ra Ko2, Bo-Seong Jeong1, Byung-Ha Oh1,
Hee-Mock Oh2, Chi-Yong Ahn2, and Byung-Kwan Cho1*
1

Department of Biological Sciences and KI for the BioCentury, Korea Advanced Institute of Science and Technology, Korea
2
Biological Resource Center, Korea Research Institute of Bioscience and Biotechnology, Korea

Alexandrium is a marine dinoflagellate that causes harmful algal blooms (HABs) worldwide and paralytic shellfish
poisoning. We found that the marine bacterium Pseudoruegeria sp. M32A2M exhibits algicidal activity against A.
catenella (Group I). Through transcriptome analysis of two organisms upon co-cultivation, we discovered that the
core reactions of the photosystem (PS) in A. catenella were rapidly inhibited, eventually downregulating the oxidative
phosphorylation and carbon fixation. Reversely, Pseudoruegeria sp. upregulated glycolysis, tricarboxylic acid cycle,
and oxidative phosphorylation. Further, the substance secreted by Pseudoruegeria was purified using multiple HPLC
and identified through nuclear magnetic resonance and GC-Mass, which was cyclo[Ala-Gly]. Cyclo[Ala-Gly] induced
a rapid decrease of photosynthetic pigments along with membrane disintegration, and exhibited the highest
algicidal activity among other cyclodipeptides. It also showed specific algicidal activities for dinoflagellate species
other than diatoms. In addition, it caused the transcriptomic down-regulation of the photosynthesis-related
membrane complex in A. catenella. Structural modelling suggested that cyclo[Ala-Gly] has a structure similar to that
of plastoquinone, which transfers electrons by binding to the PS II core proteins. This suggests a novel role for
cyclo[Ala-Gly] as a potential inhibitor of photosynthesis.
[Supported by NRF (2016M1A5A1027455 to S.C., 2021R1A2C1012589 to S.C.)].

E002

Dynamics of Bacterial and Fungal Communities in Indoor Multiple-use and
Public Transportation Facilities
Sena Park1,2, Jeongwon Kim1,2, Suyeon Bae1,2, and Keunje Yoo1,2*
1

Department of Environmental Enginnering, Korea Maritime and Ocean University, Korea
Interdisciplinary Major of Ocean Renewable Energy Engineering, Korea Maritime and Ocean University, Korea

2

Indoor microbes are regarded as one of key parameter to assess air quality contamination and human health risk.
However, it still remains unknown for microbial particles in indoor multiuse facilities (MUFs) including public
transportation facilities (PTFs). This study investigated bacterial and fungal communities by analyzing swabs
collected from six types of indoor surfaces (two subway stations, an airport, a public bath locker, a business office,
and a food court) between June and August 2021 at Busan city, South Korea using high-throughput sequencing. The
bacterial community structures showed no significant differences between MUFs and PTFs samples, despite the
different sample characteristics (p >0.05). However, fungal communities were significantly different between them
(p <0.05). PCoA analysis also revealed that the MUF and PTF samples were clearly separated between types. This
result suggests that the number of people can affect the establishment of the fungal community because most of
the detected fungal sources were from human activity. The findings of this study could improve our understanding
of microbial communities in indoor facilities. However, further long-term monitoring should be performed to
effectively understand indoor microbiome.
[This work support by Ministry of Land, Infrastructure and Transport of Korean government (Grant 21CTAPC164305-01)]
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The Comparison of Lung Microbial Community according to Histological
Difference and Clinical Parameters
Bo-yun Choi1, Ock-Hwa Kim2,3, Dong Kwan Kim2, Na Hyun Kim2, Jin Kyung Rho4, Sei Won Lee2, and Woo Jun Sul1*
1
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3
Division of Allergy and Pulmonology, Department of Internal Medicine, Chungnam National University Sejong Hospital, Korea
4
Dept. of Convergence Medicine, Asan Medical Center, University of Ulsan College of Medicine, Korea
2

Study about lung microbiome has been ongoing continuously, especially a study for association with lung cancer
and microbiome. However, the association is still not clear. Accordingly, we also tried to find out the association, and
among them, we tried to know whether there are differences in the microbial diversity and composition according
to histological differences and gene mutation in lung cancer and clinical parameters such as the stage of cancer and
recurrence. We performed the analysis using 16s rRNA amplicon sequencing and QIIME2 pipeline with the lung
tissues of 162 non-small cell lung cancer patients (NSCLC, 162 cancers, and 54 adjacent normal tissues). As a result,
the normal group has significantly higher alpha diversity than the cancer group. However, there was no significant
difference according to histological difference and genetic mutation. Haemophilus influenzae was detected
relatively more in squamous cell carcinoma (SCC). When analyzed according to the stage of cancer, the alpha
diversity decreased as lung cancer became more severe. Stenotrophomonas was found more relatively in the
recurrence group. Accordingly, we expected that Stenotrophomonas could be related to recurrence through
cumulative rate of recurrence according to the presence of Stenotrophomonas.

E004

Comparative Analysis of the Intestinal Microbiome of Horses Living in the
Stable and Pasture
Hye Seon Song1, Yeon Bee Kim1, Yujin Kim1, Tae Woong Whon1, Joon-Gyu Kim2, and Se Hee Lee1*
1

Kimchi Functionality Research Group, World Institute of Kimchi, Korea
2
Department of Equine Science, Cheju Halla University, Korea

The environment and diet are significant factors that can change the composition and metabolism of intestinal
microorganisms in animals. To analyze the correlation between the environmental conditions and the intestinal
microbiome of the horses, the fecal samples were collected from horses in stable and pasture, and the intestinal
microflora was analyzed. The fecal samples were collected from 15 horses who mainly lived in the stable and
consumed hay and grain feed, and 9 horses who lived mainly in the pasture and consumed grain feed and grass at
the Cheju Halla University farm. Genomic DNA was extracted from all microorganisms from the fecal sample, and a
part of the 16S rRNA gene (V3-V4) was amplified to analyze the bacterial community using the Illumina Miseq
platform and analyzed through QIIME2. Intestinal microorganisms also showed completely different patterns
depending on the living environment. Streptococcus, Lactobacillales were relatively abundant in the intestines of
horses living in the stable. However, Sarcina, Rikenellaceae were relatively abundant in the intestine of horses living
in the pasture. The composition of metabolites in horse fecal samples was divided into two groups. Propionate was
high in stable horses, and acetate was relatively high in pasture groups. The difference in environment and diet
caused a difference in the microbial community profile, which is presumed to induce a difference in intestinal
metabolites.
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Development of 3D In-Vitro Acneic Skin Model for Cutibacterium acnes
Strain-dependent Pathophysiology
Sooyeon Lee, Nae-Gyu Kang, and Jae Young Shin*
LG Household & Health Care (LG H & H) R&D Center, Korea

Acne vulgaris is a prevalent skin disease caused by obstruction and inflammation of the hair follicles and
sebaceous gland. The pathophysiology of acne vulgaris include four indispensable factors: hyperseborrhea,
colonization by Cutibacterium acnes (C. acnes), hyperkeratinization, and inflammation. In particular, the imbalance
in the strain population of commensal C. acnes is considered as main cause of the cutaneous inflammation. Previous
studies found that ribotype (RT) 4 and 5 are strongly associated with acne, while RT6 is prevalent in healthy skin.
Therefore, simulating host-microbiome interaction between epidermis and each strain of C. acnes is necessary for
understanding profound pathophysiology of acne and further development of tailored therapeutic solutions.
Here, we developed 3D in vitro acneic skin model that can recapitulate the interaction between epidermis and C.
acnes depending on ribotype differences. First, we generated reconstructed human epidermis (RHE) using normal
human keratinocytes and air-liquid interface culture. We induced acneic skin inflammation by treating peroxidized
squalene (altered sebum composition), and co-culturing of C. acnes RT4, 5, and 6 with RHE. We demonstrated that
peroxidized squalene and C. acnes RT4 and 5 induced hyperkeratinization, IL-1alpha and MMP-1-related inflammation,
and comedone plugging-like morphogenesis. In conclusion, this relevant strain-dependent acneic model will be
suitable for profound mechanistic studies.

E006

Siderophores Provoke Phenotypic Change during Bacteria-bacteria Interactions
Soundarya Rajapitamahuni and Tae Kwon Lee*
Yonsei University, Korea

Siderophores are naturally occurring small molecules with high affinity to ferric iron which are produced mainly
by bacteria, fungi, and plants under iron deficiency. To understand bacteria-bacteria interaction and exchange of
chemicals, a membrane-based co-culturing system was constructed between Staphylococcus aureus, Staphylococcus
epidermidis, Pseudomonas aeruginosa and E. coli respectively in iron rich and deplete conditions. Iron can be
harmful at high levels due to its toxicity and its capacity to generate oxidative stress so we evaluated ROS generation
in the co-cultures. The results revealed that in both iron rich and iron limitation the growth of S. aureus grown with
P. aeruginosa significantly increased compared to both axenic and other co-culture moieties Observing growth
assessment of axenic and co-cultured cells, it can be deemed that S. aureus was more prudent to be commensal with
P. aeruginosa leaving the other co-cultured cells as unaffected. We also investigated the phenotypic plasticity using
single cell phenotyping using Raman spectroscopy and found S. aureus grown in iron rich conditions is phenotypically
having different properties and the cells are varying according to the age of cultures and so the differences between
the co-culture and axenic cultures are minimal and associations are varying.
[This work was supported by NRF grant funded by MSIT (No-2020R1C1006249)]
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Effect of Rumen Protected Soybean Meal on In Vitro and In Vivo Ruminal
Fermentation of Hanwoo Heifers
Min Jung Ku1, Chang Dae Jeong2, Bang Geul Kim2, Young Sun Choi1, Yu Jin Noh1, and Sang Suk Lee3*
1

Livestock Research Institute, Jeonnam Agricultural Research & Extension Services, Korea
2
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3
Department of Animal Science and Technology, Sunchon National University, Korea

This study evaluated the effect of rumen protected soybean meal (SBM) by heat, chemical and microbial
treatments on in vitro and in vivo rumen fermentation of Hanwoo heifers. Ruminal fluid was collected from rumen
cannulated Hanwoo heifers for in vitro evaluation of treated soybean meal. In vivo experiment was conducted using
rumen cannulated Hanwoo heifers in a 3 × 3 Latin square design to evaluate the effects of treatments on rumen
fermentation of the experimental animals. In vitro dry matter (DM) and crude protein (CP) disappearance were
highest in SBM treated acid (HCL), heat (100°C) and addition of 2% of Enterococcus faecium (p<0.05). But, in situ DM
and CP disappearance were lowest in other treatments (p<0.05). Results of this study suggested that rumen
protected SBM has the potential to improve ruminal digestibility and be needed more studies such as a change of
bacterial community composition and a field test.
[This work was supported by Korea Institute of Planning and Evaluation for Technology in Food, Agriculture and
Forestry (IPET) through Useful Agricultural Life Resources Industry Technology Development Program, funded by
Ministry of Agriculture, Food and Rural Affairs (MAFRA)(Project No. : 121050022HD020).]

E008

Bacterial Diversities of Shrimps Pandalopsis japonica and Lebbeus groenlandicus
Collected at the East Sea, South Korea
Sang-Eon Kim1, Hye-Jin Park1, and Kyoung-Ho Kim1,2*
1

School of Marine and Fisheries Life Science, Pukyong National University, Korea
2
Department of Microbiology, Pukyong National University, Korea

Bacterial diversities of shrimps Pandalopsis japonica and Lebbeus groenlandicus sampled from East Sea, South
Korea were investigated using the 16S rRNA gene amplicon sequencing. Seventy-six samples (2 shrimp species x 3-4
specimens x 4 parts x 3 periods) were sequenced using the Illumina MiSeq platform. In both shrimp species,
Gammaproteobacteria was dominated. P. japonica samples showed quite simple diversity that most of the samples
were clustered into one group in beta diversity analysis of UniFrac and showed low alpha diversity indexes such as
Chao1 and Shannon. Some samples of L. groenlandicus contained Alphaproteobacteria as a major. Few samples
contained Mollicutes or DO1 groups. Overall diversities of L. groenlandicus were higher than those of P. japonica and
showed different bacterial communities according to body sites (Hepatopancreas, Stomach, Anterior intestine, and
Posterior intestine).
[This work support by Korea Institute of Marine Science & Technology Promotion (20210469-8)]
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Variant Typing and Genetic Diversity of SARS-CoV-2
Kwan Woo Kim1,2, Changwoo Park3, Seil Kim3,4, and Hana Yi2,5*
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A major concern in COVID-19 outbreaks is the emerging of variant SARS-CoV-2 strains. The current variant typing
of SARS-CoV-2 solely depends on whole genome sequencing (WGS). Thus, rapid and accurate genome sequencing
of the virus is essential. In this study, we aimed to develop a rapid WGS protocol using universal primers spanning
the entire genome of SARS-CoV-2. We have designed 11 pairs of SARS-CoV-2 universal primers which cover 7
genome clades (Clade of S, L, V, G, GR, GH, and GV) and 2 variants (B.1.1.7 and B.1.351). The 9 viral strain’s RNAs
extracted from cell cultures were used as template of PCR. The 3 kb amplicons were synthesized from the 11 primer
pairs. The MinION sequencing reads were assembled into a complete genome with accuracy of 99.94-99.98%.
Finally, the developed protocol was applied to five clinical samples. The results showed that the complete genome
sequencing and variant typing could be directly obtained from clinical samples. Consequently, this method would
contribute to rapid COVID-19 variant typing and detection of genetic diversity, particularly in public health surveillance.
[This work was supported by the Technology Innovation Program (Development of Rift valley fever virus RNA
reference materials, No. 20015205) funded By the Ministry of Trade, industry & Energy (MOTIE, Korea).]

E010

Development of Universal Primers for Henipavirus
Sujeong Eom1,2, Kwan Woo Kim2, and Hana Yi1,2,3*
1

Integrated Biomedical and Life Science, Graduate School, Korea University, Korea
2
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3
School of Biosystems and Biomedical Sciences, Korea University, Korea

To identify any genetic variation of viral pathogen, rapid genome sequencing covering the entire genome is
effective. However, due to the genome structure of RNA viruses and low titers in clinical samples, reversetranscription and amplification steps are additionally required. In this study, we designed universal primers and
developed genome amplification and sequencing methods for rapid and accurate identification of Henipavirus. The
primer sets were designed to produce amplicons of 3 kb long. The sequencing libraries of Henipavirus were
sequenced using MiSeq, MinION and Sanger sequencing technologies. The amplicon library sequencing raw data
were assembled using de novo assembly and reference mapping methods. The result produced a complete genome
sequence in all sequencing strategies examined in this study. We successfully developed a full genome sequencing
strategy for Henipavirus. The universal primer sets and experimental procedure would enable the more accurate
identity of mutant viruses of health threatening Henipavirus in the future.
[This work was supported by the Technology Innovation Program (Development of Rift valley fever virus RNA
reference materials, No. 20015205) funded By the Ministry of Trade, industry & Energy (MOTIE), Korea.]
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Gut Microbiome Change Occurred by Medicine Treatment in Atopic Dermatitis
Hyoseok Jang1, Min-gyung Baek1, and Hana Yi1,2*
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Atopic dermatitis is a chronic inflammatory skin disease primarily affects young children. Recent microbiome
studies repetitively reported the correlation between the disease severity and microbiome structures. Because
atopic dermatitis has no definitive cure, patients often seek alternative therapies. Several drugs have been used as
one of the therapeutic methods for atopic dermatitis, but the principle has not been revealed yet. To gain a basic
knowledge on the effective mechanism of drug A in atopic dermatitis, 97 human fecal samples were analyzed before
and after treatment in patient and control groups. The 16S rRNA amplicon sequencing was performed using MiSeq
and the sequencing data were analyzed with QIIME pipeline. The microbiome profile of patient group was very
similar to that of control group. The microbiome similarity was observed both samples obtained before and after
treatment. The results indicate that the drug treatment did not affect the overall microbiome composition of atopic
patient intestine. However, the abundance of several bacterial taxa was significantly different depending on the
drug treatment. The results of this study give a hint that drug A and the microbiome change has a mild correlation.
[This work was supported by the National Research Council of Science & Technology (NST) grant by the Korean
government (MSIP) (No. CRC-16-01-KRICT).]
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Development of Primers Covering Genetic Diversity of RVFV
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Rift Valley Fever Virus (RVFV) is one of the “Disease X” reported by WHO and causes an acute viral hemorrhagic
fever. Rift Valley Fever (RVF) is a common zoonotic disease and is mainly transmitted through mosquitoes. Wholegenome sequencing (WGS) of pathogen is necessary to detect genetic variants. In this study, we aimed to develop
a WGS protocol of RVFV for identification of genetic diversity. To amplify the genome, 7 pairs of primers stretched
over the three genome segments (segment L of 6 kb, M of 4 kb, and S of 1.6 kb) were designed. The primers were
applied to three RNAs of RVFV strains (ZH548, Kenya 56, and BIME 01) and produced amplicons of expected size (1.6
–2.2 kb). The amplicons were purified and sequenced using MinION, MiSeq, and Sanger sequencer. The resultant
sequencing reads were successfully assembled into complete genome regardless of the sequencing platform. The
limit of detection of this amplicon-based sequencing was >1000 copies/ml implying that the whole genome
sequence of RVFV could be directly obtained from clinical samples. Accordingly, the developed method would
contribute to the classification of RVFV which is molecularly identified into 15 clades (A-O) in epidemiological
surveillance.
[This work was supported by the Technology Innovation Program (Development of Rift valley fever virus RNA
reference materials, No. 20015205) funded By the Ministry of Trade, industry & Energy (MOTIE), Korea.]
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Human Microbiome in Mechanically Ventilated Patients
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Healthcareassociated pneumonia (HCAP) is a heterogeneous disease. We redefined nursinghome and
hospitalassociated infections (NHAI) group by revising existing HCAP risk factors. Our objective was to determine
whether respiratory microbiota profiles were associated with newly defined NHAI group in mechanically ventilated
critically ill patients. The 180 endotracheal aspirates (ETAs) from 60 mechanically ventilated ICU patients were
collected. The bacterial community profiles of the ETAs were analysed by 16S rRNA gene sequencing. The relative
abundance of the genus Corynebacterium was significantly higher in the pneumonia than in the nonpneumonia
group. The microbiome analysis showed significantly lower  diversity in the NHAI group than in the nonNHAI group.
In the  diversity analysis, the structure of the microbiome also differed significantly between the two groups. The
loss of diversity and dysbiosis of the respiratory microbiome were acute in the NHAI group than in the non-NHAI
group, which were as a result positively associated with the presence of Corynebacterium and negatively associated
with that of Granulicatella, Streptococcus, Staphylococcus, and Veillonella. Patients with and without risk factors for
NHAI were distinguished by microbiota signature of the ETAs.
[This work was supported by the Technology Innovation Program (Development of Rift valley fever virus RNA
reference materials, No. 20015205) funded By the Ministry of Trade, industry & Energy (MOTIE), Korea.]
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Genome Amplification Primers Covering Diversity of Betacoronavirus Clade A
Donghoon Shin1,2, Kwan Woo Kim2, Seil Kim3, and Hana Yi1,2,4*
1
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Coronavirus and variant virus can be great threats to global public health. Full genome sequencing is essential to
verify genetic variations of viral pathogens. Due to the low viral titers in clinical samples, universal primers are
needed that allows amplification of a tiny amount of viral nucleic acid to be deep-sequenced. We aimed to produce
a universal primer set for the genomic amplification of Beta-CoV clade A. This results 13 pairs of primers were
designed to produce amplicons (length of 2.5-3 kb) stretched over the entire genome and the experimental
procedure was optimized. The selected primer set was applied to HCoV-OC43 and produced amplicons with
expected size. The mixture of amplicons was successfully sequenced using MinION, Miseq, Pacbio RSII, and Sanger
sequencing. The assembly of amplicon sequence reads showed that the method can be used for whole genome
sequencing of sample with low titer and provide crucial genomic information for clinical and epidemic decision. To
evaluate the universality and specificity of the primers, amplification, sequencing experiments and bioinformatics
analysis are being conducted with respect to other Betacoronavirus HKU1. Consequently, this method would
contribute to detection of genetically diverse betecoronavirus group A.
[This work was supported by the Technology Innovation Program (Development of Rift valley fever virus RNA
reference materials, No. 20015205) funded By the Ministry of Trade, industry & Energy (MOTIE), Korea.]
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The Role of Microbiome and Virome in Respiratory Disease
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Human lungs were considered aseptic, but many studies have shown that microorganisms are present in the
lung. There are many studies between the gut and lung microbiota, which called ‘gut-lung axis’. Asthma is one of the
common chronic respiratory allergic diseases caused by not only genetic factors, but also various environmental
factors including microorganisms. We studied the gut and lung microbiome of asthma patients, to find out the
differences between the presence of disease. The bacterial DNA were extracted from 45 control and 80 asthma
patients and 16S rRNA were amplified and sequenced. As a result, the gut microbiome tends to be dominated by
Bacteroides, Prevotella, and Faecalibacterium, while Streptococcus, Prevotella, and Veillonella had high abundance
in lung. The difference in lung microbiome was not significant depending on the presence and severity of asthma,
but the difference in gut was confirmed. It was divided into three clusters based on UniFrac distance of gut
microbiome, and differences between clinical factors and lung functions were confirmed according to the clusters.
On the other hand, studies of viruses in the lungs have shown significant differences in asthma. This study showed
the differences in gut and lung microbiome in respiratory diseases such as asthma, and changes in the viruses
beyond bacteria are associated with disease.

E016

Dissemination of Linezolid Resistance Gene cfr among Staphylococci Isolated
from Pig Farms in Korea
Gi Yong Lee1, Jang Won Yoon2, and Soo Jin Yang3*
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3
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Although linezolid remains active against most staphylococcal infections, resistance mediated by the cfr gene,
which confers multiresistant phenotypes to phenicols, lincosamides, oxazolidinones, pleuromutilins, and streptogramins,
has emerged in livestock-associated S. aureus and non-aureus staphylococci (NAS). In this investigation, we found
cfr-mediated linezolid resistance among ST398 methicillin-resistant S. aureus (MRSA) and non-aureus staphylococci
(NAS) isolated from a pig farm in Korea. Of the 26 staphylococci isolated from the pig farm, 14 cfr-positive MRSA and
NAS (S. epidermidis, S. pasteuri, S. cohnii, and S. rostri) strains were resistant to linezolid and also carried fexA gene.
Comparative genome analysis of the linezolid-resistant strains revealed that the segments containing cfr in various
staphylococci exhibited > 99% sequence homology and the corresponding region containing the cfr, fexA and Tn558
sequences was located in a 38-kb plasmid pSA12. These results indicate intra- and inter-species dissemination of the
cfr-carrying plasmids or/and fragments among staphylococci in pig farm environment. The present investigation is
the first to report co-occurrence of cfr among linezolid-resistant MRSA and NAS obtained from a pig farm in Korea.
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Research on Lectin-Glycan Interaction (LGI) for Excavation of Inhibitor
Restraining Linkage of EHEC Initial Infection
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2
Glycobiology Unit, Department of Biological Science, Sungkyunkwan University, Korea

We analyzed the evolutionary characteristics of the predicted lectin-like adhesins to construct a lectin-glycan
interaction network (LGI). A total of 20,603 assembled Esherichia. 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, EHEC
NCCP14539, was also sequenced. The outer-membrane embedded proteins which could be adhesins were
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 the 2,204 E.
coli strains 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 an FimH inhibitor using
NCCP14539 strain. Using a T7 phage display method, FimH was selected as an adherent lectin from 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 Gb3-derived peptides can act
as novel agents to block FimH binding and prevent infection by EHEC.
Conclusions: We examined how pathogen lectins interact with host glycans early in infection. Reducing the
treatment costs for intestinal infections will benefit both public health and the economy. We recommend further
research on lectins and glycans to lay a foundation for developing therapies for gastrointestinal infections.
[This work was supported by a grant from the Korea National Institute of Health (NIH 4800-6637-300 to S.H.C.)]

E018

Phenotypic and Genomic Characterization of a Novel Kingella Species, Isolated
from a Child with Osteomyelitis
Ah In Yang1,2, Min Ok Jun1, and Na-Ri Shin1*
1

Biological Resource Center, Korea Research Institute of Bioscience and Biotechnology, Korea
2
Department of Biology, Kyung Hee University, Korea

Strain SNUBH-2017T was isolated from vertebral body of the lumbar spine of 4-year-old male with subacute
osteomyelitis. Cells are Gram-stain-negative, aerobic, catalase-negative and oxidase-positive, and the colonies grown
on Gifu anaerobic medium agar plate are circular, smooth, glistening, translucent, dry, and flat-to-umbonate with a
diameter of 2 mm. The isolate grows at 20-45°C (optimum 37°C) and 0% (w/v) NaCl concentration optimally. 16S
rRNA gene sequence analysis of strain SNUBH-2017T showed the highest similarity to Kingella potus 3/SID/1128T
with 97.3%, followed by Neisseria bacilliformis ATCC BAA-1200T (96.78%). Phylogenetic analysis based on 16S rRNA
gene further suggested that strain SNUBH-2017T is closely associated to Kingella species. The genome size of strain
SNUBH-2017T is 2,263,453 bp and G+C content is 59.1 mol%. The average nucleotide identity (ANI) values based on
OrthoANIu algorithm between strain SNUBH-2017T and closely related species were 79.3% to Neisseria bacilliformis
ATCC BAA-1200T and 77.3% to Kingella potus 3/SID/1128T. Based on the phenotypic and genotypic analyses in this
study, strain SNUBH-2017T is considered to represent a novel species of the genus Kingella.
[This work was supported by KRIBB Research Initiative Programs (KGM5232022 and KGM1192211).]
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Corynebacterium glutamicum Recruit Membrane Vesicles for Iron Acquisition
Kayuki Kawashima1, Toshiki Nagakubo2,3, Nobuhiko Nomura2,3, and Masanori Toyofuku2,3,4*
1

Grad. Sch. Life Environ. Sci., Univ. Tsukuba, Japan
2
Fac. Life Environ. Sci., Univ. Tsukuba, Japan
3
Microbiology Research Center for Sustainability: MiCS Univ. Tsukuba, Japan
4
Suntory Rising Stars Encouragement Program in life Sciences (SunRiSE), Japan

Membrane vesicles, which are mainly composed of lipid bilayers and proteins, have diverse functions that
potentially have a significant impact on bacterial ecology, including host-microbe interactions. These functions have
been mainly understood in Gram-negative and Gram-positive bacteria. However, they remain largely unknown in
mycolic acid-containing bacteria with distinct cell envelope structure including a thick cell wall and outer-membrane
(mycomembrane). Recently, we characterized different routes of mycomembrane vesicle formation in Corynebacterium
glutamicum, a model organism of mycolic acid-containing bacteria such as Mycobacterium tuberculosis. In the
present study, we aimed to unravel the function of membrane vesicles in this bacterium.
Corynebacterium glutamicum was cultured in minimal medium, and membrane vesicles were collected and
purified from the culture at the stationary phase. The purified membrane vesicles were incubated with Fe3+ ion and
this mixture was fractionated by density gradient centrifugation for further analyses. The purified membrane
vesicles had iron chelating activity, and this activity seemed to correlate with lipid compositions of the membrane
vesicles. Our results also suggest that the adsorption of iron ions to the membrane vesicles is unlikely to be mediated
by membrane proteins or siderophores. Furthermore, the growth of Corynebacterium glutamicum in iron-limited
media could be restored by the addition of membrane vesicles containing iron ions to the medium. These data
indicate that Corynebacterium glutamicum membrane vesicles can accumulate and transport iron to the cells. Iron
is one of the limiting factors in natural and host environments, and many bacteria has developed iron acquisition
systems. Our findings may help to elucidate a novel pathway of iron acquisition in mycolic acid-containing bacteria.
[This work support by ERATO Nomura Microbial Community control Project, JSPS Grant-in-Aid for Scientific
Research, Suntory Rising Stars Encouragement Program in life Sciences (SunRiSE)]
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E020

Exploring the Divergence of Interactions between Fungi and Bacteria
Gayan Abeysinghe*, Wu Meng, Shunsuke Masuo, Naoki Takaya, and Norio Takeshita
Graduate School of Science and Technology, University of Tsukuba, Japan

Fungi and bacteria encompass a large fraction of biomass in the soil and since they interact with each other,
bacterial-fungal interactions are crucial for understanding the microbial ecosystem which is closely related to
agriculture, medicine and the environment. It is evident that the interactions between numerous microbes promote
the activation of cryptic biosynthetic pathways leading to the production of various secondary metabolites and
other bioactive compounds that confer defense functions, cell to cell communication and other interactive
dynamics. Many studies that are directed to learn the dynamics of microbiota employed coculturing which is proven
to be a compelling method to resemble the conditions existing among the microbial interactions in the natural
environment, that could potentially facilitate the production of novel bioactive compounds like antimicrobials.
Our recent study described the distinctive nature of the mutualistic relationship between the filamentous fungus
Aspergillus nidulans and gram-positive bacterium Bacillus subtilis [1] depicting evidence to show their spatial and
metabolic interactions that facilitates the communication in between species to explore untraversed environmental
niches and obtain nutrients. Confronting this interactive nature, the current study is comprised of co-culturing of 35
environmental fungal species and 20 bacterial species to further investigate the interaction dynamics in the
co-cultures. Parameters such as the effect on the fungal growth, the affinity of the bacterial cells to the fungal
hyphae, bacterial cell dispersal distance and the velocity of movement of bacteria were analyzed to define the
phenotypic interaction specificity. Depending on the nature of interactions, the combinations were then classified
into genres of positive, negative, and neutral. Subsequently, selected combinations were subjected to LCMS/MS
analysis and transcriptomic analysis to visualize their genomic potential and expression in coexistence compared to
their monoculture state.
Our collective efforts would impart insights to the ecological context of interactions of the environmental
microbiota and utilization of the metabolic capacity of the chemically prolific microorganisms.
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The Potential Plant Cell Wall Degraders from the Hindgut Microbiome of
Coconut Rhinoceros Beetles (Oryctes rhinoceros, Coleoptera: Scarabaeidae)
Chiao-Jung Han* and Matan Shelomi
Department of Entomology, National Taiwan University, Taipei, Taiwan (R. O. C.)

Coconut rhinoceros beetle (CRB, Oryctes rhinoceros), a notorious pest on palm trees (Arecaceae), poses
destructive threats to the countries highly reliant on coconut and date palm as economic crops. CRB can digest the
hard, woody plant tissues that many insects cannot. Microbes may play critical roles for CRB becoming a destructive
pest, contributing abilities such as plant-cell-wall-degrading enzymes. In the digestive tract of CRB third instar larva,
the apparent hindgut swelling suggests major fermentation processes occur there. Special, tree-like structures on
the hindgut inner lining have been observed by using stereomicroscopy. Scanning electron microscopy revealed
that these structures are covered in a conspicuous biofilm comprised of bacterial hyphae and cells, likely involved in
symbiotic interactions with CRB. To investigate the diversity and composition of CRB’s hindgut microbiome and find
potential plant cell wall degraders, 16S full-length sequencing was used to study the microbiomes of 37 samples
from 11 different locations with four different diets in Taiwan. The diversity and composition of the microbiome
substantially varied with diet and location. The anaerobic class Clostridia, known to include many plant cell wall
degrading bacteria, is highly abundant in most samples from every location, followed by Mollicutes and
Bacteroidetes. The functional profiles predicted using PICRUSt2 indicated several glucoside hydrolases are
synthesized from the microbiomes. Further comparative analysis of KEGG Orthology groups from the hindgut
transcriptome and PICRUSt2 results, and whole-genome shotgun sequencing for the possible plant cell wall
degrading candidates are ongoing.
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F001

Evaluation of Ecological Disturbance by Single Cell Phenotyping of the
Groundwater Microbiome
Jin-Kyung Hong, Soo Bin Kim, and Tae Kwon Lee*
Department of Environmental and Energy Engineering, Yonsei University, Korea

Microorganisms can rapidly produce distinct phenotypes in response to environmental fluctuation. Thus, the
single cell phenotyping can be used as a promising tool for identifying the disturbance in water resource. In this
study, the phenotypes of the groundwater microbiome were characterized using flow cytometry and linking
phenotypes to microbial diversity (16S rRNA gene) were performed to understand the disturbance-dependent
phenotypic shift. The water samples were collected from disturbed (tetrachloroethene contaminated; n = 20), and
undisturbed (n = 28) groundwater. Disturbed samples showed significantly higher phenotypic diversity and were
distinguished from undisturbed samples on the nonmetric multi-dimensional scaling (nMDS) plot. We demonstrate
that such information can be used to identify phenotype that would be contaminated with cis-dichloroethylene at
high concentration in disturbed samples. Finally, we show the number of single cells located at ‘(SSC > 104) > (FSC >
104)’ reflecting ‘metabolically active phenotype’ were positively associated with the genera harboring dechlorinate
ability. From these results, it was concluded that the metabolic utility of contaminants is a driving factor for
phenotype shift in the PCE contaminated groundwater. This work provides conceptual and experimental strategies
to diagnosis the ecological disturbance in groundwater microbiome by single cell phenotyping.

F002

Removal of Acetaminophen and Microbial Community Assessment in a
Continuous Operation of Fungal Wheel Bioreactor
Bo Ram Kang1, Jin Ju Kim2, Jin-Kyung Hong1, Dietmar Schlosser3, and Tae Kwon Lee1*
1

Department of Environmental and Energy Engineering, Yonsei University, Korea
2
Department of Systems Biotechnology, Chung-Ang University, Korea
3
Department of Environmental Microbiology, Helmholtz Centre for Environmental Research-UFZ, Leipzig, Germany

Wood rotting fungi become promising approach to deal pharmaceutical and personal care products, yet there are
still limitations to applying the fungal system to continuous operation. In this study, we designed a fungal wheel
bioreactor, with solid-state fermentation (SSF) of Trametes versicolor. This reactor achieved remarkable removal of
acetaminophen (ACE). ACE was completely removed until laccase has existed, then became be accused. After
replacing fungal wheel with fresh SSF products, reactor performance was recovered and maintained from one
bioreactor (R1) even after laccase depleted, but not from other replicate (R2). Given that the variation substantially
increased when the changes in microbial activity were taken into account, we investigated the succession of microbial
community and its impact with long-term operation of bioreactor. Amplicon sequencing revealed that the proportion
of T. versicolor was main factor in regulating reactor performance and then diverged in accordance with other
microbial community. R1 reactor maintained 71% of core OTUs, while 44% were conserved from R2 reacto. These
findings provides a fundamental knowledge of microbial succession associated with fungal wheel, and emphasize the
importance of monitoring he microbial dynamics for understanding the stability of bioreactor performance.
[This research was supported by Basic Science Research Program through the National Research Foundation of
Korea funded by the Ministry of Education.]
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F003

Combined Machine Learning and Biomolecular Analysis for the Stability
Assessment of Anaerobic Ammonium Oxidation under Salt Stress
Junbeom Jeon1, Kyungjin Cho2,3, Jinkyu Kang4, Esther Ada Okpete Uchenna1,5, Jihye Park1, Minsu Song1,
Viet Ly Quang6, and Hyokwan Bae1,4*
1
Department of Civil and Environmental Engineering, Pusan National University, Korea
Center for Water Cycle Research, Korea Institute of Science and Technology (KIST), Korea
3
Division of Energy and Environment Technology, KIST School, Korea University of Science and Technology, Korea
4
Institute for Environment and Energy, Pusan National University, Korea
5
Department of Precision Medicine, Step Forward Personalized Medicine (SPMED), Korea
6
Institute of Environmental Engineering & Nano-Technology, Tsinghua Shenzhen International Graduate School, Tsinghua
University, China
2

In this study, the stability of the total nitrogen removal efficiency (TNRE) was modeled using an artificial neural
network (ANN)-based binary classification model for anaerobic ammonium oxidation (AMX) process under saline
conditions. The TNRE was stabilized to 80.2 ± 11% at the final phase under the salinity of 1.0 ± 0.02%. The results of
terminal restriction fragment length polymorphism (T-RFLP) analysis showed the predominance of Candidatus Jettenia
genus. Real-time quantitative PCR analysis revealed that the average abundance of Ca. Jettenia and Kuenenia spp.
increased in 3.2 ± 5.4 ×108 and 2.0 ± 2.2 ×105 copies/mL, respectively. The prediction accuracy using the twenty-five
input data points of operational parameters was 84%. However, the integration of T-RFLP and real-time qPCR signals
improved the prediction accuracies of 96% and 100%, respectively. This study revealed the feasible application of
machine learning and biomolecular signals to the stability prediction of AMX process under increased salinity.

F004

Distribution and Epidemiologic Characteristics of Carbapenem-resistant
Enterobacteriaceae Isolated from the Urban Wastewater
Hyun Sun Kim, Jae Young Oh, Jae Hong Jeong, and Jong Chan Chae*
Division of Biotechnology, Jeonbuk National University, Korea

Carbapenems are an antibiotic used for the treatment of multidrug-resistant Gram-negative bacterial infections,
and resistance is also increasing as its usage increases in clinical settings. Wastewater discharged from hospitals can
cause the spread of resistant bacteria to the surrounding environment. This study is to investigate the distribution
and genetic characteristics of carbapenem-resistant Enterobacteriaceae (CRE) in urban wastewater. Sewage was
collected from 8 points from the sewage pipe of a local hospital to a wastewater treatment plant, and then,
detection of carbapenem-resistant bacteria, antimicrobial susceptibility test, resistance genotype, MLST, and
ERIC-PCR were performed. A total of 486 CRE were isolated from 7 points and Klebsiella was the most common
(45.7%), followed by Enterobacter (40.5%), Citrobacter (8.6%), Kluyvera (2.9%), and Raoultella (2.3%). Carbapenemresistant Klebsiella and Enterobacter strains harbored the most blaKPC-2 gene, followed by blaGES-5, blaNDM-5, and
blaNDM-1. Enterobacteriaceae carrying blaKPC-2 or blaGES-5 detected in the upstream point of the sewage pipe and the
influent from the wastewater treatment plant showed a high phylogenetic correlation. This study suggests that the
wastewater pipe environment in the urban community can be an appropriate environment for resistant bacteria to
survive.
[This work is supported by K-water (Project No. A-C-006).]
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F005

Antimicrobial Resistance of Aeromonas veronii Strains Isolated from
Aquaculture Farm Effluent
Jae Young Oh and Jong Chan Chae*
Division of Biotechnology, Jeonbuk National University, Korea

The genus Aeromonas contains a number of opportunistic pathogens causing diseases of aquatic and terrestrial
animals, including human beings. Of which, A. veronii has been described as an important pathogen of human beings
as well as aquatic animals. The study aims to evaluate the tendency of antibiotic resistance genes of A. veronii strains
detected in the effluent of domestic aquaculture farms. The collected strains were identified by 16S sequencing
analysis and species-specific gene PCR, and an antimicrobial susceptibility test was done by disc diffusion assay.
Whole-genome analysis, hybrid assembly, and annotation were performed with Illumina iSeq100 and Oxford
Nanopore. All strains of A. veronii showed more than 10% resistance to beta-lactam inhibitors, carbapenem,
fluoroquinolone, phenicol, and folic acid, including tetracycline. The blacphA3 and blaOXA-912 genes associated with
carbapenem resistance were integrated into the chromosomes of all seven isolates. Besides, tetE and catII genes
were present in several strains. Furthermore, different plasmids of the two A. veronii harbored various classes of
antimicrobial resistance genes (floR, tetA, aph(6)-Id, sul1, and dfrA12) including the plasmid-mediated quinolone
resistance gene (qnrS2). It is proposed that carbapenem-resistant A. veronii strains carrying various drug resistance
genes can spill over from aquaculture farms to the surrounding ecosystem.
[This work is supported by K-water (Project No. A-C-006).]

F006

Phylogenetic Association of Multidrug-resistant Enterococcus faecalis
Clones Isolated from Domestic Pig Farms
Jae Young Oh1, Jae Hong Jeong1, Hyun Sun Kim1, Soo-Jin Yang2, and Jong Chan Chae1*
1

Division of Biotechnology, Jeonbuk National University, Korea
Department of Veterinary Microbiology, College of Veterinary Medicine and Research Institute for Veterinary Science,
Seoul National University, Korea

2

Enterococci are gastrointestinal commensals that can colonize in a variety of environments, including humans,
and animals. The enterococcal resistance to key antibiotics is being emphasized in terms of transmission of
antimicrobial resistance and public health. This study is to evaluate dominant multidrug-resistant clones through
AST, MLST, and RAPD PCR in 1,240 Enterococcus faecalis strains isolated from 14 domestic pig farms (workers, pigs,
and surrounding environments) between 2020 and 2021. Among the 13 antibiotics tested, the major multidrugresistant STs were largely divided into fluoroquinolone-resistant E. faecalis ST1029 (99/102, 97.1%) and ST620
(68/71, 95.8%), and linezolid-resistant E. faecalis ST506 (27/69, 39.1%) and ST476 (37/56, 66.1%). Additionally,
resistance to aminoglycoside, tetracycline, Synercid, and chloramphenicol was close to 90%. The ST476 clones were
not only resistant to linezolid but also resistant to fluoroquinolone (> 98%), and were distributed in 10 out of 14 pig
farms. Clones with high phylogenetic association were found in pig farms in various regions. Moreover, among the
ST620 clones, strains with almost identical genetic homology between farmworkers and pigs were identified by
whole-genome sequencing analysis. This study is the first report to identify that fluoroquinolone and linezolidresistant E. faecalis clones are widely distributed in domestic pig farms.
[This work is supported by KCDA (Project No. 2020ER540500).]
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Microbial Community and Antibiotic Resistance Genes Abundance in Hospital
and Community Wastewater
Jae Hong Jeong, Hyun Sun Kim, Jae Young Oh, and Jong Chan Chae*
Division of Biotechnology, Jeonbuk National University, Korea

In urban sewage, the distribution of microorganisms and antibiotic resistance genes (ARGs) may change
according to climate change. This study investigated the abundance of microbial communities and ARGs through
metagenome analysis in sewage popes in urban areas. The microbial communities were analyzed by 16S amplicon
sequencing data with QIIME2, ARG analyzed with shotgun sequencing data was normalized by the number of 16S
gene copies by sorting with the CARD database. The distribution of microbial communities was similar at 7 sewage
points except for sewage treatment plant effluent, and class Bacterioidia and Clostridia were observed to be high in
hospital sewage effluent (point 1). In ARG analysis, the ratio of beta-lactam (44.4%) and aminoglycoside (17.3%)
resistance genes was the highest in all sewage points, and the abundance of ARG was significantly lower in
wastewater treatment plant (WWTP) effluent. The carbapenem resistance gene GES-5 was observed at all sewage
points and NDM-1,5, OXA-23, KPC-2, VIM-2 were identified at point 1. Plasmid-mediated cephamycin, cephalosporin,
and fluoroquinolone resistance genes were not only identified at a high rate at point 1 but also distributed in the
influent from the WWTP (point 5). Plasmid-mediated cephamycin, cephalosporin, and fluoroquinolone resistance
genes were highest at point 1. Current evidence suggests that hospital wastewater is an important source of
antibiotic resistance.
[This work is supported by K-water (A-C-006).]

F008

Prevalence of Carbapenem-resistant Bacteria Isolated from the Multifield
Environment in One Community
Jae Yong Oh1, Seok Hoon Jeong2, Dokyun Kim2, Woo Jun Sul3, and Jong Chan Chae1*
1

Division of Biotechnology, Jeonbuk National University, Korea
Department of Laboratory Medicine, Yonsei University College of Medicine, Korea
3
Department of Systems Biotechnology Chung-Ang University, Korea

2

Intensive usage of antimicrobials in the management of animal growth and diseases may cause selection for
resistance among bacteria. Transmission of resistant bacteria from the wild and food animals to humans may occur
via the food chain, environment, or animals. This study is to investigate the characteristics and transmission patterns
of antibiotic-resistant bacteria originating from multiple fields of human, animal, environment, and food in an urban
area. During the past year, 1,499 samples were collected from human patients, pig farms, markets, wastewater
treatment plants, vegetable farms, aquaculture farms, and Acinetobacter and Pseudomonas were isolated,
antibiotic susceptibility test and characteristics of carbapenem-resistant bacteria were investigated. Among 84
(11.7%) of Acinetobacter strains from 721 patients, A. baumannii was the most common, and 83.3% (n=70) was
carbapenem-resistant (blaOXA-23). In addition, carbapenem resistance among 154 (21.4%) P. aeruginosa isolates was
49 (31.8%) and had blaIMP-6, blaVIM-2, and blaNDM-1. Carbapenem resistance was found in 10 Pseudomonas isolates
from pig farms and fresh pork meat as well as resistance to colistin. As Pseudomonas spp., which acquired resistance
to the last treatment antibiotics of the disease, were identified in livestock and sale meat, an epidemiological study
on the mechanism of resistance acquisition and transmission pattern is urgently needed.
[This study is supported by KCA (Project No. 2021ER220101).]
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F009

Variation of Key Species in the Thauera Genus during the Partial-denitrifying
Bacteria Enrichment
Soyeon Jeong, Seongjae Park, Jeongmi Kim, Jaecheul Yu, and Taeho Lee*
Department of Civil and Environmental Engineering, Pusan National University, Korea

The partial nitrification-anammox (PN/A) has been known as a cost-effective autotrophic nitrogen removal
process. However, in the PN/A process, it is difficult to suppress nitrite oxidizing bacteria (NOB) and often resulted
in process breakdown. As an alternative process, the partial denitrification (PD)-anammox has been explored due to
its stable nitrite production via PD by denitrifiers. In this study, an efficient PD enrichment culture was developed
and the combined application the enrichment culture with an anammox culture was evaluated. For PD enrichment,
an activated sludge was enriched for more than 400 days in a sequencing batch reactor (5 L) with influent of 150
mg/L COD and 50 mg/L nitrate. The PD enrichment culture efficiently accumulated more than 90% of nitrite from
the nitrate reduction. When the PD enrichment culture was applied to treat a wastewater containing ammonia and
nitrate, the PD enrichment culture reduced nitrate to nitrite and the anammox bacteria removed the remained
ammonia and nitrite, achieving total nitrogen removal efficiency of 76.4%. The microbial community of the PD
enrichment culture was dominated by Thauera species, but the dominant species were varied depending on nitrite
accumulation efficiency during enrichment cultivation. Thauera phenylacetica was a key-species to determine the
partial denitrification efficiency of the enrichment. This is the first report to describe partial denitrification bacteria
at the species level of Thauera.

F010

Machine Learning insights into the Spatiotemporal Assembly of Microbiome in a
Full-scale Sequencing Batch Reactor Wastewater Treatment Plant
Haeil Byeon and Seungdae Oh*
Civil Engineering, Kyunghee University, Korea

Sequencing Batch Reactor (SBR) processes, commonly used in wastewater treatment plants (WWTPs), can offer
operational advantages over the conventional A2O processes. Nowadays, understanding microbial community in
SBRs more in detail is needed, though previous studies have been attemped to find out what core members in
microbial community are existing and functioning in the conventional WWTPs. This study investigated how
microbial core members in SBRs (e.g., Chloroflexi) take a critical role in SBR systems to lead their own community
rather than conventional A2O systems, which can represent and characterize SBRs from conventional WWTPs, and
carried out machine learning (ML) modeling using microbiome data, providing predictive identification into
assembly of specific microbiome upon systematic configurations (93-95%) and environmental variation (0.92-0.96
of R2), such as changing water temperature. Feature importance analysis using ML modeling identified the microbial
taxa that were specifically related to SBR systems, many of which (e.g., Chloroflexi) are known as taking an important
role in WWTPs. This study can give us insights to understand what and how microbial core members contribute to
sustain the SBR systems against spatiotemporal changes.
[This research was supported by a National Research Foundation of Korea (NRF) grant funded by the Korean
government (MSIP; Ministry of Science, ICT & Future Planning) (No. NRF- 2020R1A2C110157313)]
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Machine Learning Modeling Uncover Complex Microbial Interaction in Full-scale
Membrane Bioreactor Wastewater Treatment Plant
Jonathan Wijaya and Seungdae Oh*
Department of Civil Engineering, Kyung Hee University, Korea

Membrane bioreactor (MBR) units employed in wastewater treatment plants (WWTPs) can produce high
effluent quality with low sludge waste volume, compared to other conventional WWTP systems. Microbial
communities in MBRs and other WWTPs play a key role in driving the system's function and stability. Previous
studies have shown the diversity and function of WWTP microbiomes, largely focusing on conventional systems;
however, much less is known about MBR. This study performed a systematic survey on the spatiotemporal assembly
of MBR microbiomes in a full-scale domestic WWTP. A machine learning (ML) modeling framework using the
microbiome data was established with various models, providing predictive insights into the assembly patterns of
microbiomes upon system operational configuration (90-94%) and environmental fluctuations (0.89-0.98 of R2).
Feature importance analysis with the ML modeling identified Ferruginibacter, core member in the MBR system. This
work discussed the ecological role related to the WWTP's essential functions and complex interactions with
fluctuating operational conditions of Ferruginibacter. Overall, our ML enabled pipeline provided new findings about
the key microbial populations and their interplay with operational/environmental factors in MBRs, which has
practical implications on design and operation of full-scale MBR systems.
[Supported by NRF and grant funded by MSIP, Ministry of Science, ICT & Future Planning (NRF-2020R1A2C110157313)]

F012

Influence of the HRT on the Successful Start-up of an Anammox MBBR
Elizabeth Arenas and Sukhwan Yoon*
KAIST, Korea

This study focused on the influence of the HRT on the successful start-up of a 3.5 L laboratory-scale anammox
MBBR. The start-up period of the anammox MBBR consisted on a batch, fed-batch, and a continuous operation
phase. The batch phase started with the inoculation of already established anammox biofilm carriers from Daejeon
WWTP, where anammox bacteria comprised 31% of the microbial community. A ratio of 0.4:0.6 of wastewater
inoculum and fresh medium was chosen for a quick adaption of the WWTP biofilm carriers to the new conditions.
The initial concentrations of NO2- and NH4+ in the fresh medium were 5mM and 5mM, respectively. The fed-batch
was performed with manual and intermittent additions of NH4+ and NO2- where the concentration of both
substrates in the reactor ranged between 5mM to 25 mM. During the continuous operation phase, the influent of
NH4+ and NO2- was kept around 10mM and 10mM, respectively. The HRT was decreased from 24.3 days to 0.6 days,
where the reactor lost the capacity for nitrogen removal on day 110. The anammox MBBR treated up to 460
gN/m3day at the shortest HRT of 0.6 days. Following the reactor performance loss, the HRT was kept at 1.2 days and
the average nitrogen removal efficiency was 90%. After 193 and 313 days, the anammox bacteria (Candidatus
Brocadia) had a relative abundance of 60.5% and 61.70% in the virgin carriers.
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F013

Methanogenesis via Direct Interspecies Electron Transfer by Supplementation of
Conductive Materials: Granular Activated Carbon Versus Magnetite
Hee-Deung Park*, Sang-Hoon Lee, and Hyun-Jin Kang
School of Civil, Environmental and Architectural Engineering, Korea University, Korea

A recent exciting finding is acceleration of methanogenesis via direct electron transport transfer (DIET) by
supplementation of conductive materials in anaerobic reactors. Nonetheless, it is not clear whether all conductive
materials stimulate methanogenesis with a same manner. Whole genome and 16S rRNA sequencings were
conducted to identify functional genes involved in DIET and microbial community compositions. We found that
exoelectrogenic Geobacter species were specifically enriched in the reactors by the two conductive materials.
Interestingly, the genes constituting type IV pili (pilA) and c-type cytochrome (omcS) of Geobacter species were
decreased in abundance, suggesting slightly different interspecies electron transfer by supplementation of
conductive materials. Analysis of microbial community compositions demonstrated different mechanisms in the
enhancement of methane formation between the two conductive materials. While granular activated carbon
stimulated methane formation mostly by DIET between acetate oxidizing bacteria and methanogenic archaea,
magnetite involved hydrogenotrophic methanogenesis as well as DIET. Taken together, the two conductive
materials stimulated methanogenesis differently, although they stimulate DIET between Geobacter species and
methanogenic archaea. The results suggest a strategy to maximize methane formation by finding an optimum
combination of the two conductive materials in near future.

F014

Species-level Microbial Community Analysis of Drinking Water Treatment Plant
Using Long-read Sequencing Platform
Taeho Yun, Min Joon Song, and Sukhwan Yoon*
Korea Advanced Institute of Science and Technology, Korea

The bacterial community structure of a drinking water microbiome can cause some diseases and understanding
of them is required to protect the public health. The commonly used sequencing platform to identify the community
structure is MiSeq amplicon sequencing that reads subregions of 16S rRNA gene due to its high throughput, while its
low taxonomic resolution remains the challenge resulting from the use of short-length sequences. We analyzed the
microbial community while drinking water treatment process using both Illumina MiSeq (V3-V4 region of 16S rRNA
gene) and Oxford Nanopore (full-length 16S rRNA gene) sequencing. Both methods showed consistent results, and
we obtained the distinct community structure for each drinking water treatment process. In addition, long-read
sequencing showed significantly improved taxonomic resolution compared to short-read sequencing, showing
species-level taxonomic assignment of higher than 80%. We suggest that species-level analysis of microbial community
using a long-read sequencing platform can support to identify microorganisms that can threaten public health in
drinking water treatment process.
[Supported by grant from NIER]
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Biological Characteristics of the Superphylum Patescibacteria Stably Present in
Activated Sludge
Naoki Fujii1, Kyohei Kuroda2, Takashi Narihiro2, Yoshiteru Aoi3, Noriatsu Ozaki1, Akiyoshi Ohashi1,
and Tomonori Kindaichi1*
1

Department of Civil and Environmental Engineering, Graduate School of Advanced Science and Engineering,
Hiroshima University, Japan
2
Bioproduction Research Institute, National Institute of Advanced Industrial Science and Technology (AIST), Japan
3
Program of Biotechnology, Graduate School of Integrated Sciences for Life, Hiroshima University, Japan

Patescibacteria are widely distributed in various environments and often detected in activated sludge. However,
little is known about their detailed phylogeny, morphology, ecophysiological role in activated sludge, or interactions
with other microorganisms. In this study, we identified microorganisms correlated with Patescibacteria in activated
sludge via correlation analysis using the 16S rRNA gene amplicon sequences, and predicted the metabolic potential
of Patescibacteria using metagenomic analysis. The metagenome-assembled genomes (MAGs) of Patescibacteria
consisted of five Saccharimonadia, four Parcubacteria, and one Gracilibacteria, and showed a strong positive
correlation of relative abundances with Chitinophagales. The metabolic prediction from 10 recovered patescibacterial
MAGs and four Chitinophagales MAGs supports the mutualistic interactions between a member of Saccharimonadia
and Chitinophagales via N-acetylglucosamine, between a member of Parcubacteria and Chitinophagales via
nitrogen compounds related to denitrification, and between Gracilibacteria and Chitinophagales via phospholipids
in activated sludge. The findings of this study indicated that various interactions between Patescibacteria and
Chitinophagales are important for the survival of Patescibacteria in the activated sludge ecosystems. Contribution
to wastewater treatment through interaction was also suggested.
[This work was supported by JSPS KAKENHI, Grant Numbers JP16H04833, and JP20H02287.]
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Insights into the Microbial Ecology of Nitrifying Bacteria in Marine Recirculating
Trickling Biofilter Reactors
Mamoru Oshiki1,2*, Hirotoshi Netsu2,3, Kyohei Kuroda4, Takashi Narihiro4, Naoki Fujii5, Tomonori Kindaichi5,
Yoshiyuki Suzuki2, Takashiro Watari3, Masashi Hatamoto3, Takashi Yamaguchi6, Nobuo Araki2, and Satoshi Okabe1
1

Division of Environmental Engineering, Faculty of Engineering, Hokkaido University, Japan
Department of Civil Engineering, National Institute of Technology, Nagaoka College, Japan
3
Department of Environmental Systems Engineering, Nagaoka University of Technology, Japan
4
Bioproduction Research Institute, National Institute of Advanced Industrial Science and Technology (AIST), Japan
5
Department of Civil and Environmental Engineering, Graduate School of Engineering, Hiroshima University, Japan
6
Department of Science of Technology Innovation, Nagaoka University of Technology, Japan
2

Aerobic ammonia (NH3) and nitrite (NO2-) oxidation reactions are fundamental biogeochemical reactions
contributing to the global nitrogen cycle. Although aerobic NO2- oxidation yields >5-folds less Gibbs free energy (∆
Gr) than aerobic NH3 oxidation, nitrite-oxidizing and not ammonia-oxidizing Nitrospira (sublineage IV) outnumbered
ammonia-oxidizing Nitrosomonas (relative abundance; 53.8% and 7.59%, respectively) in the NH4+-feeding marine
recirculating trickling biofilter rectors. Growth yields during aerobic NH3 or NO2- oxidation were 0.077 µmol-14CO2/
µmol-NH3 and 0.053 to 0.054 µmol-14CO2/µmol-NO2-, respectively, and the difference between NH3 and NO2oxidation was much smaller than the difference of ∆Gr. Free-energy efficiency of NO2- oxidation was higher than
NH3 oxidation (36–37% and 14%, respectively), and high growth yield and free-energy efficiency were a determinant
for the dominance of Nitrospira over Nitrosomonas. Washout of Nitrospira and Nitrosomonas from the trickling
biofilter reactors was also examined by quantitative PCR assay. Normalized copy numbers of Nitrosomonas amoA
was 1.5- to 1.7-folds greater than Nitrospira nxrB and 16S rRNA gene in the reactor effluents. Nitrosomonas was
more susceptible for washout than Nitrospira in the trickling biofilter reactors, which was another determinant for
the dominance of Nitrospira in the trickling biofilter reactors.
[This work was supported by JSPS KAKENHI grant numbers; 19K05805 for M.O., 20H02290 for N.A, 20H00641 for
T.Y., 19H00776 for S.O.]
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Shift of Cathodic Electroactive Biofilms in the Series-connected
Microbial Fuel Cells
Chao Chin Chang, Shiue Lin Li, and Chang Ping Yu*
Graduate Institute of Environmental Engineering, National Taiwan University, Taiwan

The microbial fuel cell (MFC) is a potential microbial electrochemical technology to achieve water-energy-carbon
nexus through converting organic matters in wastewater to electrical energy. The cathode performance is essential
for improving the power output. Compared to high-cost chemical catalysts, electroactive biofilms (EABs) have been
observed to be capable of improving cathodic oxygen reduction and enhancing cathode potential in MFCs
eco-friendly and sustainably. Nevertheless, during scaling up MFCs through connecting them in series, the microbial
communities and electrochemical characteristics of cathodic EABs (i.e. biocathode) in serial connection still need to
be explored. Furthermore, cathode potential and water quality were also evaluated. 16S rRNA gene high
throughput sequencing indicated that nitrifiers Nitrospira (3.0-11.3%) were among the most dominant genera in
biocathode systems without serial connection. With regard to the biocathode in serial connection, the presence of
abundant nitrifying and denitrifying bacteria and furthermore, the unique microbial composition in the biocathode
recovered from voltage reversal with Thiothrix highly enriched (40.9%). Electrochemical impedance spectroscopy
analysis revealed that biocathode had higher ohmic resistance than bare carbon felt cathode but the microbial
biofilm could largely decrease polarization resistance of cathode material. With regard to the biocathode in serial
connection, it performed differently, which demonstrated the substantial increase of polarization resistance due to
the capacitance effect.
Regarding the production of electricity, the biocathode without serial connection showed varied but step-wise
increased cathode potential to achieve more than 500 mV versus the standard hydrogen electrode, likely due to the
gradual enrichment of biocathode biofilm, and achieve high COD and ammonium removal simultaneously. As for the
biocathode in serial connection, it could reach stable wastewater treatment performance without influenced by
serial connection. Overall, our results revealed that the biocathode in serial connection could perform distinct
microbial community composition and electrochemical properties. Results suggested microbial community of
biocathodes could shift to gain biofilm capacitance to overcome the voltage reversal shock during serial connection.
In addition, although a shift of EABs was found, a self-recoverable ability of electrical production was first observed
after roughly one month of operation, and warranted the need for further research on the scale-up of biocathodebased MFCs.
[This work support by the Ministry of Science and Technology, Taiwan, R.O.C., under grants MOST 108-2221E-002-118-MY2 and MOST 106-2221-E-002-023-MY3]
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Algal Extracellular Organic Matter on Application of Algae to Treat Wastewater:
the Effect of Membrane Fouling and Mediating Photocatalytic Degradation of
Estrogens
Pei-Hsun Wu, Hsin-Yi Yeh, Wen-Wei Hsiao, and Chang-Ping Yu*
Graduate institute of environmental engineering, National Taiwan University, Taipei 10617, Taiwan

Due to the limited removals of nutrients, i.e. nitrogen and phosphorus, and emerging contaminants in some
wastewater treatment plants (WWTPs), secondary wastewater effluent could still contain different extents of nutrients
and emerging contaminants, such as estrogens which are among the most concerned emerging contaminants in the
wastewater treatment effluent due to their sexual disruption in aquatic wildlife. Using microalgae to remove
nutrients will be a promising approach for secondary wastewater effluent polishing. However, algae have been
found to produce algal extracellular organic matter (AEOM) during growth. In our study, selected microalgae
species and cultivated mixed microalgae originated from WWTPs all produced different extents of AEOM, which
contained a high proportion of biopolymers such as polysaccharides and proteinaceous (major) substances.
Different ratios of N/P in the medium had impacts on the composition and molecular weight distribution of AEOM.
When we applied algae-based membrane bioreactor to treat synthetic secondary wastewater effluent, our results
showed that AEOM could be an important contributor to cause membrane fouling.
In addition to the negative role of AEOM in membrane fouling, three microalgae species, including Selenastrum
capricornutum, Scenedesmus quadricauda and Chlorella vulgaris were selected to conduct experiments to examine
their ability on removal of two selected estrogens (17  -estradiol, E2 and 17  -ethynylestradiol, EE2). Our results
showed that the three microalgae species could effectively degrade estrogens. However, more importantly, we
found AEOM from three microalgae cultures could induce photodegradation of estrogens, and AEOM from
Selenastrum capricornutum and Chlorella vulgaris achieved 100% of E2 and EE2 removal under visible light
irradiation. Fluorescence excitation–emission matrix spectroscopy identified humic/fulvic-like substances in AEOM
from three microalgae cultures, which might be responsible for inducing the indirect photolysis of E2 and EE2.
Therefore, in the living microalgae cultures, the major estrogens removal mechanisms should include biotransformation
as well as AEOM meditated photocatalytic degradation. Since removal rates through photodegradation could be
faster than biotransformation, the AEOM mediated photocatalytic degradation has potential to play an important
role to remove emerging contaminants when using microalgae technology for wastewater effluent treatment.
Overall, our study has demonstrated the important roles of AEOM in wastewater treatment by algae. Further
research on AEOM will provide useful information on membrane fouling control and will be beneficial to effective
treatment of nutrients and emerging contaminants in algae-based membrane bioreactor.
[This work support by Ministry of Science and Technology (Taiwan) (MOST 105–2221-E-002–009-MY3; 108–
2811-E-002–535; 108–2221-E-002–118-MY2; 109–2811-E-002–543) and National Taiwan University from Excellence
Research Program under Higher Education Sprout Project, Ministry of Education, Taiwan (110L4000-1)]
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Transfer Rates and Host Range of a Multidrug-resistance Plasmid in Activated
Sludge by Flow Cytometry and Amplicon Sequencing
Kosuke Higuchi, Masaaki Kitajima, Satoshi Okabe, and Mamoru Oshiki*
Division of Engineering, Faculty of Engineering, Hokkaido University, Japan

Antibiotic resistance bacteria (ARB) could cause 10 million deaths a year by 2050. Activated sludge is recognized
as a hotspot for the emergence of ARB, and conjugative plasmid transfer is responsible for the prevalence of
antibiotic resistance genes (ARGs) in activated sludge. Here, we investigated transfer rates and host range of the
broad-host-range IncP plasmid pB10 carrying ARGs were examined using Escherichia coli MG1655 and microbes in
activated sludge as donor and recipient strains. The pB10 has been originally isolated form activated sludge, and the
used pB10 contains the gene encoding green fluorescence protein (GFP). Transconjugants emit a strong GFP signal
whereas the expression of GFP is repressed in donor strain; therefore, the population of transconjugants can be
specifically detected and collected by flow cytometry. Transfer rates was examined by sorting GFP-labelled cells,
which were 3.7 × 10-5 and 1.3 × 10-2 in liquid and filter-mating assay, respectively. Transconjugants obtained by the
filter-mating assay were subjected to the amplicon sequencing analysis of 16S rRNA gene. The 53 operational
taxonomic units (OTUs) were detected, and some OTUs were affiliated into the phylogenetic clades including
pathogenic bacteria such as Acinetobacter and Flavobacterium. Flow cytometry and subsequent NGS analysis
provided a deeper insights into the transfer rates and host range of the pB10 plasmid.

F020

Organic Ultraviolet Filter Degradation by Using Acclimated Sediments Collected
from Tamsui River
Zhen Ern Lau1, Juei Yu Chiu1*, Ting Min Wu2, and Bea-Ven Chang3
1

Department of Environmental science and Engineering, National Pingtung University of Science and Technology, Taiwan
2
Green Energy & System Integration R&D Department, China Steel Corporation, Taiwan
3
Department of Microbiology, Soochow University, Taiwan

Ultraviolet filter (UVF), a common sunscreen ingredient, is detected in coastal surface water of Taiwan. The impacts
of the bioaccumulation and biomagnification of UVF causing endocrine disruption that may affect human health. This
study aims to screen potential microbes from local waterbody which can degrade UVF. Microbes in sediments
collected from 7 spots of Tamsui river will be enriched by adding 1 mg/L 7 types of UVF in aerobic and anaerobic
conditions for 6 months separately. The concentration of UVF in sediments is analyzed by HPLC and the lowest two of
the samples have been tested for their degradation abilities for 12 days. The sediments have higher degradation rate
constant in aerobic condition than that of anaerobic. All UVF could be categorized with degradability by calculating its
1st order pseudo-steady state degradation rate constant (K). Octocrylene (OC) is fully degradable in aerobic and
anaerobic conditions (K=0.52); homosalate (HMS) which is fully degradable in two sediments under aerobic condition
(K=0.44); oxybenzone (OBZ) could fully be degraded by one sediment in anaerobic test (K=0.56) and microbial
consortium may result in differences. The degradability of samples for Ethylhexyl salicylate (EHS) and ethylhexyl
methoxycinnamate (EHMC) is intermediate; 4-Methylbenzylidene camphor (MBC) and benzylidene camphor (BC) are
the hardest two to be decayed. The microbial consortium complexity and UVF compound structure are the main
causes for degradation variation. Further microbial consortium will be studied.
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Screening and Leaching Effect of Heavy Metal Bioleaching Bacteria Consortia
from Biogas Residues
Juei Yu Chiu1, Chien Yuan Kao1, Tsung-En Chuang1, and Sheng-Chung Chen2
1

Department of Environmental Science and Engineering, National Pingtung University of Science and Technology, Taiwan
2
School of Resources and Chemical Engineering, Sanming University, China

The concentration of heavy metal copper and zinc in the biogas slurry residue produced by anaerobic fermentation
of pig manure and urine in Taiwan exceeds 600 and 6000 ppm, which is unconducive to the reuse of farmland. In this
study, the sulfur-containing waste sulfur produced by the biological desulfurization tower was used in combination
with the bioleaching of heavy metals in biogas residues. Screening and enriched culture of bacterial community with
different bacterial sources and sulfur sources. The binding fractions of heavy metals in the biogas residue, organic/
sulfates and residual are the main ones, copper accounting for 55% and 40%, respectively, and zinc is the main type,
which is 40%. The biological desulfurization tower bacteria group has the highest efficiency and yield for biological
sulfur fermentation, the acid production rate is 1000 ppm/day, and the sulfate concentration reaches the highest
16000 ppm in 17 days. The gene sequence of bacteria flora is mainly Acidithiobacillus. In the removal of heavy
metals, it became stable on the 3rd day. The removal rates of copper in bio-sulfuric acid and chemical sulfur were
33% and 22%, respectively. The removal of zinc stabilized on the 7th day, and the removal rates were 60% and 40%.
The general conclusion is that the bio-sulfuric acid produced by bacterial fermentation in the biological desulfurization
tower has a better leaching effect on heavy metals in the biogas residue than chemical sulfuric acid. However, it may
be that the removal rate is not high because the heavy metals in the biogas residue are mainly in the form of organic
linkage and residual phase. It is expected to improve the removal rate of bioleaching in the future.
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Microbial Reduction of Graphene Oxide by Shewanella decolorationis NTOU1
Yu-Xuan Liou and Shiue-Lin Li*
Department of Environmental Science and Engineering, Tunghai University, Taiwan

Graphene is an important material for the development of energy technology due to its excellent electrical
conductivity and flexibility. For material manufacturing, reducing costs and impact on the environment, and
improving the material quality are important considerations for sustainable green production. In this study, we
modified the method for graphene oxide (GO) reduction, using the electrochemically active bacteria Shewanella
decolorationis NTOU1, which can transfer electrons extracellularly through the substrate metabolism, as a reducing
agent. The GO prepared by the modified Hummers method was used as the only solid electron acceptor, and the
characteristics of reduced graphene oxide (rGO) were discussed under different control variables. The results
showed that the number of colonies of S. decolorationis NTOU1 decreased gradually with the reaction time, and it
was speculated that the structural changes that produced sharp edges during the GO reduction might cause
bacteriostatic. However, at ca. 24 h in the batch tests, some bacterial cells around the rGO could still be observed to
remain active through an optical microscope. Fourier-transform infrared spectroscopy analysis show that rGO has
a significant stretching peak of C=C double bond at 1570 cm-1. It can be seen from the scanning electron microscope
that after the reaction, the surface structure of GO is obviously changed from smooth to wrinkled. In the
transmission electron microscope images, it can also be observed that the whole cells are wrapped by the rGO
materials films, and there are cell appendages similar to bacterial nanowires or flagella. Additionally, in the analysis
results of adding the same number of bacteria and organic acid, it shows that with the increase of GO addition, the
first-order reaction rate constants (k) of lactic-acid utilization and acetic-acid production increase accordingly.
Under the addition of less than 10 mM lactic acid, the k of acetic-acid production will increase with the higher
concentration, but the change of k for lactic-acid utilization has no significant trend. The test results by spiking
different electron transfer mediator showed that riboflavin and potassium ferricyanide were able to boost rGO
generation, while dimethoxy benzoquinone compounds were not but even inhibited the bacterial metabolism. We
demonstrate that reduction of GO using S. decolorationis NTOU1 is simple, environmentally friendly and feasible. In
the future, we will continue to discuss the interaction between microorganisms and GO, and the influence of the
matrix effect. On the other hand, we will continue to explore the property changing before and after GO reduction
through the analysis of elements and chemical bondings.
[This work support by Taiwan Ministry of Science and Technology funds]
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Quantitative Analysis of SARS-CoV-2 RNA in Municipal Wastewater during
COVID-19 Epidemic Periods
Tomohiro Kuroita1 and Masaaki Kitajima2*
1

AdvanSentinel Inc., Japan
Faculty of Eng., Hokkaido Univ., Japan

2

1. Introduction: In this study, we aimed to demonstrate the applicability of Wastewater-based epidemiology (WBE)
surveillance for coronavirus disease (COVID-19) in Japan and conducted a quantitative analysis of SARS-CoV-2 RNA
in municipal wastewater during COVID-19 epidemic periods.
2. Methods: A total of 319 influent wastewater samples were collected at nine wastewater treatment plants
(WWTPs) in City-A (Japan) from April to July 2021. All the samples were collected via grab or composite sampling 3
or 5 times weekly. Determination of viral RNA in sewage was performed by Hokkaido University-Shionogi (HS)
method. SARS-CoV-2 RNA was extracted from the wastewater samples using a kit, and one-step RT-preamplification
followed by qPCR was performed using the CDC N1 (2019-nCoV_N1) primers and probe.
3. Results and Discussion: The detection rate of SARS-CoV-2 RNA was 95% (302/319), and the quantitative rate,
which is the rate of samples above the lower limit of quantification, was 55% (175/319). This indicates that the highly
sensitive HS method is capable of detecting SARS-CoV-2 RNA in sewage with a high detection rate. The rank
correlation analysis between the number of newly COVID-19 cases and the concentration of SARS-CoV-2 RNA in
sewage against the geometric mean of daily sewage viral concentration indicated a strongly positive Spearman’s
correlation. (rs =0.84)
4. Conclusion: Quantitative analysis of SARS-CoV-2 RNA in municipal wastewater during COVID-19 epidemic periods
revealed a strongly positive correlation between the number of newly COVID-19 cases and the concentration of
SARS-CoV-2 RNA in sewage. It was shown that WBE surveillance was useful for grasping the epidemic situation of
COVID-19.
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Development of a Highly Sensitive Virus Detection Method for
Wastewater-based Epidemiology: Application to COVID-19 and Other Viral
Respiratory Diseases
Hiroki Ando1, Ryo Iwamoto2, Yoshinori Ando2, Satoshi Okabe1, and Masaaki Kitajima1*
1

Division of Environmental Engineering, Faculty of Engineering, Hokkaido University, Japan
2
Shionogi & Co., Ltd., Japan

Wastewater-based epidemiology has attracted attention as a tool to understand the actual prevalence of
COVID-19 in a community, but enhancement of the sensitivity of virus detection method has been the major
technical challenge in a low COVID-19 prevalent area. In the present study, we developed a novel method for
SARS-CoV-2 RNA detection from wastewater, which consists of filtration of a wastewater sample, direct RNA
extraction from the filter, and RT-preamplification prior to qPCR. Detection sensitivity of this method was
demonstrated to be two orders of magnitude greater than that of a conventional method (PEG precipitation
followed by qPCR) based on a side-by-side method comparison. The newly developed method was also applicable
to other viruses, including influenza virus and respiratory syncytial virus (RSV), with slight modifications.
Untreated municipal wastewater samples, which were collected from October 2018 to March 2022 at
wastewater treatment plants (WWTPs) in Sapporo city, Japan, were examined with the newly developed method.
The long-term monitoring of viral RNA in wastewater showed that the trend of SARS-CoV-2 RNA concentrations
in wastewater was similar to that of newly reported cases in Sapporo city and that influenza A virus RNA and RSV
type A RNA could also be detected from wastewater during the period when influenza or RSV infections were
reported from clinical surveillance. These results demonstrated the usefulness of wastewater-based
epidemiology in understanding the actual prevalence of COVID-19 and other viral respiratory diseases, such as
influenza and RSV infection.
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centers in hospitals and research institutes, and NGS (next-generation sequencing) service companies. Furthermore, based on various
experiences in microbiome analysis, we are developing our ability to lead the IVD (In Vitro Diagnostics) market. We are doing our best to
provide reasonable services to companies, hospitals, or individuals in the healthcare field through research on solutions to the human
microbiome and infectious diseases at home and abroad by converging the latest BT/IT technology.

DNALink
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CEO: Jongeun Lee

No. 3
Homepage: www.dnalink.com
Tel.: +82-2-3153-1500
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Main Technology and Products
We provide a variety of NGS services such as WGS, WES, WTS, and Denovo-seq, and various services such as Array and Genotyping are also
available.
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CEO: Chang Hoon Kim
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Tel.: +82-2-2180-7000
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Macrogen, a leading company in precision medicine and biotechnology, was established on June 5, 1997 based on the Genomic Medicine
Institute of the Seoul National University College of Medicine. In February 2000, Macrogen became the first ever bio venture in Korea to be
listed on the KOSDAQ. Since then, Macrogen has continued to be actively engaged in R&D fields of genetic and genomic analyses. Today,
Macrogen has become a global expert in genomic analysis and a leader in Korean biotechnology, working closely with over 18,000 research
clients across 153 countries worldwide. In addition to providing services to clients all over the world, Macrogen contributes to the
advancement of bioindustries through a wide range of R&D and CSR activities.
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