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 S111   Synthetic Biology: Life Redesigned 

 
James J. COLLINS 
Institute for Medical Engineering & Science Department of Biological Engineering Massachusetts Institute of 
Technology; Broad Institute of MIT and Harvard; Wyss Institute, Harvard University 
Corresponding Author Email : jimjc@mit.edu 
 
Synthetic biology is bringing together engineers, physicists and biologists to model, design and construct 
biological circuits out of proteins, genes and other bits of DNA, and to use these circuits to rewire and reprogram 
organisms. These re-engineered organisms are going to change our lives in the coming years, leading to cheaper 
drugs, rapid diagnostic tests, and synthetic probiotics to treat infections and a range of complex diseases. In this 
talk, we highlight recent efforts to create synthetic gene networks and programmable cells, and discuss a variety 
of synthetic biology applications in biotechnology and biomedicine. 
 
Keywords : Synthetic biology, re-engineered organisms, synthetic gene networks, programmable cells 
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 S112    The Coming of Age of De Novo Protein Design 

 
David BAKER 
Department of Biochemistry, University of Washington, Seattle, USA 
Corresponding Author Email : dabaker@uw.edu 
 
Proteins mediate the critical processes of life and beautifully solve the challenges faced during the evolution of 
modern organisms. Our goal is to design a new generation of proteins that address current-day problems not faced 
during evolution. In contrast to traditional protein engineering efforts, which have focused on modifying naturally 
occurring proteins, we design new proteins from scratch based on Anfinsen’s principle that proteins fold to their 
global free energy minimum. We compute amino acid sequences predicted to fold into proteins with new 
structures and functions, produce synthetic genes encoding these sequences, and characterize them 
experimentally. SARS-CoV-2 provided a test of the relevance of these methods to real-world challenges. In this 
talk, I will describe the de novo design of SARS-CoV-2 candidate diagnostics, therapeutics, and vaccines: 
designed switches that luminesce in the presence of antiviral antibodies, designed 55 residue proteins that bind to 
the viral Spike with picomolar affinity and block infection, and nanoparticle immunogens which elicit much 
higher yields of neutralizing antibodies in animals than the Spike trimer that is the basis of most current vaccine 
trials. I will close by describing the status of getting these into the clinic, and lessons for combatting future 
pandemics." 
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 S113   Systems Biology of Yeast Metabolism 

 
Jens NIELSEN 
Department of Biology and Biological Engineering, Chalmers University of Technology, Gothenburg, Sweden 
Corresponding Author Email : nielsenj@chalmers.se 
 
Metabolic Engineering relies on a thorough understanding of how the many different metabolic reactions in the 
cell to be engineered interacts. Genome-scale metabolic models offers a very strong tool for performing 
quantitative analysis of how the many different reactions in the metabolic network interacts, and through the 
addition of kinetic and proteome constraints to these models their predictive strength has significantly improved. 
However, these models can also be used for integrative analysis of quantitative data, e.g. proteomics and 
metabolomics data. In the lecture there will be presented progress on how kinetic and proteome constraints can 
improve the predictive strength of genome-scale metabolic models for use in metabolic engineering. Examples 
will be given of both identification of novel metabolic engineering designs and of using these models for gaining 
novel insight into the functioning of metabolism. 
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 S114    Conversion of Escherichia coli to Generate All Biomass Carbon from CO2 

 
Ron MILO 
Dept. of Plant and Environmental Sciences, Weizmann Institute of Science, Rehovot, Israel. 
Corresponding Author Email : ron.milo@weizmann.ac.il 
 
The living world is largely divided into autotrophs that convert CO2 into biomass and heterotrophs that consume 
organic compounds. In spite of wide-spread interest in renewable energy storage and more sustainable food 
production, the engineering of industrially relevant heterotrophic model organisms to use CO2 as their sole carbon 
source has so far remained an outstanding challenge. I will describe the achievement of this transformation on 
laboratory timescales with the help of rational design making use of constraint-based modeling. We constructed 
and evolved Escherichia coli to produce all its biomass carbon from CO2. Reducing power and energy, but not 
carbon, are supplied via the one-carbon molecule formate, which can be produced electrochemically. Rubisco and 
phosphoribulokinase were co-expressed with formate dehydrogenase to enable CO2 fixation and reduction via the 
Calvin-Benson-Bassham cycle. Autotrophic growth was achieved following several months of continuous 
laboratory evolution in a chemostat under intensifying organic carbon limitation and confirmed via isotopic 
labeling. 
 
Keywords : synthetic autotrophy, carbon fixation, Rubisco, adaptive laboratory evolution, synthetic biology, 
sustainability, metabolic rewiring, Escherichia coli 
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4. Antonovsky N., Gleizer S. & Milo R., Engineering carbon fixation in E. coil: from heterologous RuBisCO 

expression to the Calvin-Benson-Bassham cycle, Current Opinion in Biotechnology 47, p. 83-91 (2017). 
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 S115   Engineered Polyketide Synthases as Platform for Synthetic Chemistry 

 
Jay D. KEASLING 
1Departments of Chemical & Biomolecular Engineering and of Bioengineering, University of California, Berkeley, 
CA, USA, 2Biological Systems & Engineering Division, Lawrence Berkeley National Laboratory, Berkeley, CA, USA 
 
Polyketides are one of the largest classes of natural products, possessing immense structural diversity and complex 
chemical architectures. Many polyketides (PKs) are among the most important secondary metabolites for their 
applications in medicine, agriculture, and industry. Examples include anticancer drugs (epothilone), antibiotics 
(erythromycin), insecticides (spinosyn A) and antifungals (amphotericin B). These particular examples of 
polyketides are biosynthesized by multimodular enzyme complexes known as type I modular polyketide synthases 
(PKSs). Working in an assembly-line fashion, multimodular PKSs assemble and tailor readily available acyl-
CoAs within the host cell into large, complex, chiral molecules. Each of these PKSs comprises a series of modules 
that can be further dissected into a series of domains responsible for the extension of the polyketide back- bone 
through condensation and selective reductive processing of an acyl-CoA building block. The collinear architecture 
of these modules, apparent by inspection of the domains present and the predictive selectivity motifs harbored 
within, provide insights into the chemical connectivity and stereochemical configuration of the polyketide 
metabolite from analysis of its coding sequence. 
While PKSs have been traditionally studied for the production of pharmaceuticals, engineered modular PKSs have 
the potential to be an extraordinarily effective retrosynthesis platform for the bio-production of products from 
biofuels and commodity chemicals to both pharmaceutical and nonpharmaceutical fine and specialty chemicals. 
By rearranging existing polyketide modules and domains, one can exquisitely control chemical structure from 
DNA sequence alone. However, this potential has only just begun to be realized as the compounds that have been 
made using engineered PKSs represent a small fraction of the potentially accessible chemical space. In my talk, I 
will highlight work from our laboratory where we have engineered PKSs to produce a variety of commodity and 
specialty chemicals and developed software and high throughput robotic platforms to enable design and 
construction of PKSs in high throughput. 
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 S116   Bioelectronic Nose for Odor Standardization 

 
Tai Hyun PARK 
School of Chemical and Biological Engineering, Institute of Chemical Processes, Seoul National University, Seoul, 
Korea 
Corresponding Author Email : thpark@snu.ac.kr 
 
Communication about odors among persons is very difficult because their perceptions are not exactly same and 
their vocabularies for odors are different. These make us more difficult to classify and standardize odors. More 
than one hudred years ago, Alexander Graham Bell, who invented the telephone, said that we have very many 
different kinds of smells, but until you can measure their likenesses and differences you can have no science of 
odor. However, it is still difficult to measure odors. Why is it so difficult? Because we have not understood the 
identity of 'odor' until Robert Axel and Linda Buck discover the mechanism of smell sensing on the molecular 
basis. Now we know that information of an odor is the combinatorial pattern made of the olfactory receptors 
activated by the odor molecules. A bioelectronic nose using human olfactory receptors mimics human olfactory 
system and can make the combinatorial pattern of the activated olfactory receptors as in human nose. In this sense, 
a bioelectronic nose will play an important and useful role as a tool for odor standardization. In this presentation, 
I will discuss the principles and methods for the development of bioelectronic nose and its application for odor 
standardization. 
 
Keywords : bioelectronic nose, odor standardization, olfactory receptor 
 
References 
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5. Kwon, O.S., Song, H.S. et al., Conducting nanomaterial sensor using natural receptors (2019), Chemical 
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 S211   Are Fermented Foods Art or Technology? 

 
Jin-Ho SEO 
Research Institute of Food and Biotechnology, The SPC group 
Corresponding Author Email : jhseo94@snu.ac.kr 
 
Humans have enjoyed fermented foods for thousands of years mainly because of improved nutritional values, 
unique flavors and texture and excellent health benefits. Most of fermented foods are produced by natural or 
spontaneous fermentation processes, which is a technical barrier for large-scale production. In order to change the 
production system of fermented foods from experience-based to principle-based, one of the key factors is to 
develop a fermentation starter, which performs the desired fermentation process. 
 
This talk will present the challenges and opportunities for development of fermentation starters for the food 
industry. 
The SPC Research Institute of Food and Biotechnology (SPC-RIFB) successfully developed superior fermen-
tation starters for baking and patented in the U.S., China, France and Japan. The first generation of a fermentation 
starter based on a baker’s yeast Saccharomyces cerevisiae (SPC SNU 70-1) was developed in 2015 by using 
evolution engineering of a natural yeast strain isolated from Nuruk, a traditional microbial source in Korea. The 
second generation of a fermentation starter (SPC sourdough) composed of one S. cerevisiae strain and four lactic 
acid bacteria was developed in 2019 based on the symbiosis principle of natural ecosystems. These two starters 
were applied to more than 200 bread products to generate annual revenue of about 1x1012 KRW. 
 
More research efforts will be focused on development of next generation of fermentation starters in an attempt to 
pave the technology highway for globalization of “K-bread”. 
 
Keywords : fermentation starter, sourdough, yeast, lactic acid bacteria 
 
References 
1. HW Baek, JH Seo et al, Dynamic interactions of lactic acid bacteria in Korea sourdough during back-slopping 

process (2021), Journal of Applied Microbiology, https://doi.org/10.1111/jam.15097.  
2. SPC Co., Natural yeast and lactic acid bacteria isolated from Korean traditional nuruk to be used for bakery, 

US20170223971A1 (2021). 
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 S231   Optimally Fabricated Platforms for Enhanced Cancer Therapy 

 
Jeewon LEE 
Department of Chemical and Biological Engineering, Korea University, Seoul, Korea 
Corresponding Author Email : leejw@korea.ac.kr 
 
Human heavy chain ferritin (huHF), iron-free apoferritin is a homo-multimer consisting of 24 heavy chain 
subunits that are self-assembled inside cells and has a nanoscale 3D structure (spherical particle with a diameter 
of 12 nm). It is worthy of noting that huHF is a highly-ordered, stable, and flexibly guest-adaptable protein and 
thus an excellent platform that can be used for constructing novel 3D biostructures. That is, beneficial integration 
and/or reassembly of diverse functional peptides or polypeptides on huHF platform with preserving its native self-
assembly function can lead to optimal fabrication of innovative 3D biostructures that resolve problems that yet 
remain a major challenge in a wide range of area. In particular, huHF has a specific and strong affinity for 
transferrin receptors on dendritic cells, suggesting that optimal integration of tumor-specific antigens (TSA) into 
huHF and administration of the TSA-integrated huHF guide efficient activation of tumor-specific anti-tumor 
immunity in the body. Further, huHF platform enables high-capacity loading and cancer cell-specific activation 
of various chemotherapeutic drugs such as doxorubicin, mitomycin C, and gemcitabine that are still clinically 
useful for cancer treatment. Despite considerable therapeutic efficacy, severe toxicity-associated problems of the 
chemotherapeutic drugs, which are mainly caused by the non-specific mode of action such as chromosomal DNA 
damage and/orinterference in the DNA replication even in normal cells, remain unresolved. Here I introduce 
recent important results of my research team in the huHF platform-based cancer immuno-and chemotherapy, 
showing that both drug toxicity and efficacy in in vivo cancer treatment were dramatically enhanced. This 
approach is expected to open up a novel clinical route to break through the limits of and thus bring about safer 
and more widespread adoption of current cancer therapy. 
 
Keywords : Human heavy chain ferritin, platform, cancer immunotherapy, cancer chemotherapy 
 
References 
1. Nat. Comm. 10, 1121 (2019). 
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 S311   Development of Alcohol Yeasts for Beer Brewing 

 
Yong-Cheol PARK1,2, Do Hyoung KIM2 
1Department of Bio and Fermentation Convergence Technology, Kookmin University, Seoul, Korea,  
2Biocraft Co., Seoul, Korea 
Corresponding Author Email : ycpark@kookmin.ac.kr 
 
A GRAS yeast of Saccharomyces cerevisiae is popular for brewery, winery and bakery industry and also has been 
used as a workhorse for bioethanol, biochemical and biopharmaceutical production. As food and cosmetic 
ingredients, and active microorganism giving typical characteristics to many foods, Saccharomyces strains have 
been screened, bred and genetically engineered. Even though wild types of Saccharomyces strains have almost 
identical genotypes, they showed different phenotypes for baking and brewing. In this presentation, recent 
research and industrial progresses in Saccharomyces strain development for beer brewing and metabolic 
engineering for expanding its application to other fields are presented. 
 
Keywords : Yeast, beer brewing, Saccharomyces, metabolic engineering 
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 S312   Success Stories in the Brewing Industry Using Korean Fermentation Starters 
 

Woochang SHIN 
Kooksoondang Institute, 137, Sagimakgol-ro, Seongnam-si, Korea 
Corresponding Author Email : wcshin@ksdb.co.kr 
 
Fermentation starters for the brewing industry in Korea have been largely dependent on imports from foreign 
countries and not being used properly for their purpose. In addition, a Korean traditional brewing agent, NURUK, 
has problems in stability and safety. Most countries where the brewing industry have been developed have the 
management system at the national or association levels to provide fermentation starters customized. 
Unfortunately, we have not established such a system yet and have not satisfied diverse demands for the 
production and supply of fermentation starters in small amounts of multi-items required by the brewing industry. 
In this aspect, I would like to introduce some cases that succeed product development using yeast, lactic acid 
bacteria, and acetic acid bacteria isolated from our traditional fermented foods and have an opportunity to discuss 
the necessity and importance of native fermentation starters. 
 
Keywords : fermentation starters, yeast, lactic acid bacteria, acetic acid bacteria 
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 S313   Fermentation Characteristics of Kimchi Lactic Acid Bacteria Starters 

 
Byung Hee RYU 
Department of Food Research, Daesang Co., Ltd, Seoul, Korea 
Corresponding Author Email : ryubh@daesang.com 
 
Kimchi fermentation usually process by the growth of various naturally occurring fermented lactic acid bacteria. 
This sometimes makes it difficult to produce kimchi with steady quality. The use of Leuconostoc mesenteroides 
as a starter has been considered to produce commercial fermented kimchi with steady and good quality in Korea 
kimchi industry. Starter kimchi made with these strains were better in taste than the conventional starter kimchi 
when they are evaluated both by the public research. As a result of the microorganism analysis, the starter has an 
optimum acidity due to low acid production compared to the conventional fermentation, and show the high-
production of mannitol. 
The use of starter cultures has been considered as an alternative for the industrial production of standardized 
kimchi, and prevented over-ripening and extended shelf-life. Several starter cultures for kimchi have been shown 
to inhibit microorganisms related to over-ripening of kimchi and food-related pathogens. Moreover, starter 
cultures have been shown to produce much more lactic acid, acetic acid, and mannitol from free sugars during the 
initial stage, contributing to kimchi health-promoting and sensory properties during fermentation. These results 
suggest that kimchi quality can be controlled to have consistent properties, both in taste and microbial 
composition, by using kimchi starters. 
 
Keywords : Kimchi, Leuconostoc mesenteroides, Starter, Lactic Acid Bacteria 
 
References 
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 S314   Genome-edited Saccharomyces cerevisiae Strains for Improving Quality, Safety, and Flavor of 
Fermented Foods 

 
Yong-Su JIN 
Department of Food Science and Human Nutrition, University of Illinois at Urbana-Champaign, Urbana, IL, USA 
Corresponding Author Email : ysjin@illinois.edu 
 
While Cas9-based genome editing enabled precise and sophisticated genetic perturbations in conventional and 
non-conventional yeast strains, its applications for food fermentations have been extremely limited. In order to 
improve quality and flavor of various yeast-fermented foods, we isolated and engineered a polyploid Saccha-
romyces cerevisiae strain (N1) which exhibits robust sugar fermentation, strong acid tolerance, and rapid gas 
production from Korean Nuruk. First, RGT2 and SNF3 coding for glucose sensors were deleted to increase 
respiration. A bread dough fermented with the N1∆RGT2∆SNF3 strain showed an 18% increased volume due to 
higher carbon dioxide production. Second, ASP3 coding for asparaginase was overexpressed and URE2 coding 
for a transcriptional factor of nitrogen catabolite repression (NCR) was deleted to increase asparagine 
consumption. When the N1∆URE2::PGPD-ASP3 strain was applied to a potato dough, asparagine was rapidly 
depleted in the dough, resulting in potato chips with negligible amounts of acrylamide. Third, the N1∆URE2 strain 
was utilized to increase levels of the amino acids which provide a savory taste during rice wine fermentation. The 
above genome-edited yeast strains contain no heterologous DNA. As such, they can be used to improve fermented 
foods with no subjection to GM regulation. 
 
Keywords : yeast, genome-editing, acrylamide, bread, potato chips, wine 
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 S411   Systems and Synthetic Biology: Constructing Smart and Programmable Microbes 

 
Tae Seok MOON 
Department of Energy, Environmental and Chemical Engineering, Division of Biology and Biomedical Sciences, 
Washington University in St. Louis, USA 
Corresponding Author Email : tsmoon@wustl.edu 
 
The past decade has witnessed the tremendous power of systems and synthetic biology in the creation of genetic 
parts, devices, and systems, which helps understand complex biological systems. However, its potential for real-
world applications has not been fully exploited. One of its promising applications is the construction of 
programmable cells that are able to integrate multiple environmental signals and to implement synthetic control 
over biological processes. My research interests are focused on developing microbes that are able to process 
multiple input signals and to generate user-defined outputs. Specifically, I aim to build genetic programs in order 
to control various bacterial processes such as gene expression, chemical reactions, and evolution. I will present 
unpublished results of my research projects by discussing the potential and challenges of systems and synthetic 
biology to address global problems, including plastic and agricultural waste issues, non-invasive diagnostics and 
disease treatment using smart probiotics, sustainable bioproduction, and biocontainment of engineered organisms. 
 
** This work is supported by U.S. Department of Energy, U.S. Environmental Protection Agency, U.S. Office of 
Naval Research, U. S. Department of Agriculture, National Science Foundation, National Institutes of Health, and 
Gates Foundation. 
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 S412   Synthetic biology for advanced bioprocess: novel enzymes, pathway, and cell-cell communications 

 
Gyoo Yeol JUNG 
Department of Chemical Engineering, POSTECH, Pohang, Korea 
Corresponding Author Email : gyjung@postech.ac.kr 
 
Pathway optimization of microbial metabolism is essential for the production of commercially valuable chemicals 
such as biofuels, platform chemicals and biologically active compounds. To achieve the successful design or 
redesign of microbial metabolism, a variety of synthetic biology tools should be required. In this study, we 
developed the general tools such as UTR Designer and Riboselector to modify the microbial physiology for the 
production of value-added chemicals at the various levels including translation and protein levels. In addition, we 
recently isolated a novel microorganism that can utilize macroalgae with fast metabolic activity. To engineer this 
organism, synthetic biology tools were developed based on the information obtained from systems biology 
approach. In addition, synthetic cell-cell communications were also developed to dynamically optimize their 
population in response to the concentration of product. Conclusively, the potentials of the platform technology 
developed in this study for the application to the production of biofuels and a variety of value-added chemicals. 
 
Keywords : Synthetic biology, cell-cell communications, UTR, riboswitch 
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 S413   High-throughput part characterization tools with a long-read sequencing technique 

 
Haseong KIM 
Synthetic Biology and Bioengineering Research Center, Korea Research Institute of Bioscience and Biotechnology, 
Daejeon, Republic of Korea 
Corresponding Author Email : haseong@kribb.re.kr 
 
It is known that the optimal performance of a metabolic pathway is achieved by the appropriate expression balance 
among genes. However, investigating each DNA part that controls the expression of the genes requires time-
consuming cloning experiments along with high-cost equipment measuring single-cell fluoresce. This study 
presents a high-throughput part characterizing technique that increases cloning throughput by combinatorial DNA 
part assembly approach and quantifies the part characteristics with High-reproducibility plate based image 
analysis. The PCR based long-read sequencing technique allows us fast identification of part combinations and 
their genotypes regardless relatively low base-calling accuracy of the long-read sequencing technique. We 
confirmed the ratios of the part combinations were constantly remained in each assembly step and the fluorescent 
intensities of the colonies on plates were comparable to the single-cell level fluorescence from a high-end flow-
cytometry device. Quantitative values of twenty DNA parts (23 promoters and 23 RBSs) were successfully 
obtained in 1 week without any automated and expensive devices. We anticipate that this high-throughput and 
easy-to-use part characterization technique will contribute to increase the available parts in the synthetic biology 
community. 
 
Keywords : Synthetic biology, DNA part, High-throughput method, Long-read sequencing, Image analysis 
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 S414   Synthetic Yeast Genomes Beyond Sc2.0: Synthetic Clusters 

 
Tom ELLIS 
Imperial College Centre for Synthetic Biology Department of Bioengineering, Imperial College London London, UK 
Corresponding Author Email : t.ellis@imperial.ac.uk 
 
The international project to construct a synthetic version of the yeast genome (Sc2.0) has been one of the highest 
visibility research projects in synthetic biology in the last decade. As this grand project draws to a close, Sc2.0 
partners like our team at Imperial College London, are now beginning to use the tools and knowledge of synthetic 
yeast genome assembly to ask new questions of yeast biology and genomics, and develop new biotechnologies. 
As a milestone towards custom, modular genome, we are now using synthetic genomics to examine and exploit 
Synthetic Clusters, where sets of genes that encode a common function are relocated from their native genomic 
loci into new synthetic defragmented or refactored clusters in the chromosomes. We have used this synthetic 
cluster method to fine-tune pheromone sensing for biosensor systems, and are now employing it to the explore 
the minimal gene set for the cell cycle. In new work, we have written synthetic clusters for aromatic amino acid 
biosynthesis pathways and are using these as a test bed for building new tools for inducible heterochromatin-
silencing and other forms of master regulation.                        
 
Keywords : Synthetic genome, yeast, synthetic biology, CRISPR, genome engineering 
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 S421   Pb(II) reducing bacteria: isolation, identification, and characterization 

 
Younggy KIM 
Department of Civil Engineering, McMaster University, Ontario, Canada 
Corresponding Author Email : younggy@mcmaster.ca 
 
Pb(II) is highly toxic and Pb(II) contamination of water and sediments can cause serious threats to the 
environment. In our previous study, biological reduction of Pb(II) was found and investigated using lab-scale 
bioelectrochemical systems [1], implying that Pb(II) reducing bacteria potentially have the exoelectrogenic 
capability. In our continued experimental work, we successfully isolated Pb(II) reducing bacteria using the streak-
plate method as well as the dilution-to-extinction method. Three microbial species (Delftia acidovorans, Azonexus 
caeni, and Comamonas testosterone) were isolated and different isolation methods resulted in different isolation 
results; that is, Delftia acidovorans is likely to grow well on surfaces while Comamonas testosterone is more 
preferentially selected with aqueous medium solution. The isolated microbes were further examined for their 
Pb(II)-reducing capability with acetate as the organic substrate under anaerobic condition. To confirm the 
biological reduction of Pb(II), a schematic analysis was conducted using SEM-EDS (scanning electron 
microscopy-energy dispersive X-ray spectroscopy) and XPS (X-ray photoelectron spectroscopy). Delftia 
acidovorans and Azonexus caeni showed growth with Pb(II) as the terminal electron acceptor and resulted in 
metallic Pb0 deposition on carbon fiber surfaces while metallic Pb0 deposition was not observed with Comamonas 
testosterone. Among the 3 microbes Delftia acidovorans showed most robust growth with repetitive addition of 
Pb(II), implying that the microbial species can be utilized in remediation of Pb(II) contaminated sediments and 
waters. 
 
Keywords : Pb(II) reducing bacteria, toxic heavy metal removal, metal reducing bacteria 
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 S422   Microbial Electrochemical Process for Bioremediation of Recalcitrant Contaminants in Soil and 
Water 

 
Bongkyu KIM1,2,3, Mirella Di LORENZO2, In Seop CHANG3 
1Division of Biotechnology, Advanced Institute of Environment and Bioscience, College of Environmental and 
Bioresource Sciences, Jeonbuk National University, Iksan, Jeonbuk, 54596, South Korea, 2Department of Chemical 
Engineering, University of Bath, Bath, BA2 7AY, United Kingdom, 3School of Earth Sciences and Environmental 
Engineering, Gwangju Institute of Science and Technology (GIST), Gwangju, 61005, South Korea 
Corresponding Author Email : bkim@jbnu.ac.kr 
 
Environmental pollution that has exceeded the self-purification capacity of nature requires artificial support, 
which incurs a lot of economic cost and labor. For the potential solution, a bioremediation process based on eco-
friendly, sustainable, and low-cost microbial electrochemical system could be used. In the study, we introduce a 
microbial electrochemical bioremediation for contaminated soil and water. For bioremediation of contaminated 
soil by pesticide, a soil microbial fuel cell which can harvest electricity while promoting biodegradation of a 
selective pesticide called Atrazine was developed, and the direction for scale-up for field application of the 
proposed system was discussed. For water, a study for concurrent harvesting electrical energy and recovering 
useful resource from a mineral rich wastewater was developed with linked process of microbial fuel cell and 
chemical precipitation. The study aims to explain the potential of microbial electrochemical bioremediation for 
contaminated environment with generation of renewable energy and removal of recalcitrant pollutant, towards a 
promising sustainable environmental biotechnology. 
 
Keywords : Microbial fuel cell, Bioremediation, Pesticide, Atrazine, Livestock waste 
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 S423   Electro-chemical interaction: exogenic and synthetic pathway for bioproduction 

 
Changman KIM1, Jung Rae KIM2 
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Corresponding Author Email : cmkim0408@gmail.com 
 
Bacteria-electrode interaction seems to be ideal option for regulating bacterial redox balance, because electrode 
is just a solid material for taking/providing the electrons. Even if the stoichiometrically substantial electrochemical 
reaction was not identified, this interaction can bring significant improvement of product formation by breaking 
the bacterial redox homeostasis. The electro-chemically unbalanced production can allow to the application of 
bioelectrochemical system in various industrial microbiology. In the aspects of microbial metabolism, electro-
chemical reaction could play a role as an ‘exogenic and synthetic pathways’ for intracellular redox regulation. 
The application of this synthetic pathway in metabolic engineering would be the game-changing technology by 
overcoming thermodynamic barrier in bioproduction. Klebsiella pneumoniae was examined as a model 
microorganism having well-developed value-added chemical production pathways with highly developed 
electrochemical activity. In particular, two glycerol derivatives were selected as the oxidative and reductive target 
chemicals, 3-hydroxypropionic acid (3-HP) and 1,3-propanediol (1,3-PDO), respectively. Positive or negative 
potential electrode driven intracellular redox level change as relatively low or high NADH/NAD+ level, 
respectively. This redox shift brought metabolic flux shift, then enhanced 3-HP or 1,3-PDO productivity. 
Metabolic pathway engineering was conducted to further improve the production titer by providing/regenerating 
redox co-factors, NAD+ or NADH, in 3-HP or 1,3-PDO production, respectively. The results demonstrated the 
synergetic effects of electrode-driven redox regulation and metabolic engineering to improve target chemical 
productivity. 
 
Keywords : Electro-fermentation, Metabolic shift, Bioelectrochemical system, Metabolic engineering 
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 S424   Bacteria-Powered Batteries 

 
Seokheun CHOI 
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Corresponding Author Email : sechoi@binghamton.edu 
 
Bacteria-powered batteries are a new energy solution for disposable low-power applications. The biobatteries 
generate electricity from a broad diversity of biomass and organic substrates through microbial metabolism. His 
group pioneered these bacteria-powered batteries and initiated the filed of disposable bioenergy. In this talk, he 
will present many innovative biobatteries that his research group recently developed including paper-based 
biobatteries, wearable biobatteries, and implantable biobatteries. Details of the frontier of research to improve the 
performance of the biobatteries will be discussed, followed by a critical perspective on strategic future directions. 
 
Keywords : biobatteries, microbial fuel cells, electromicrobiology, bioenergy 
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 S431   The Challenge of Revealing the Identity of Functionally Unknown Environmental Microbes: 
What We Can See from Single-cell Level Analysis 

 
Haruko TAKEYAMA 
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Corresponding Author Email : haruko-takeyama@waseda.jp 
 
A large number of diverse microbes exist in the environment, and their functions have been gradually revealed 
through culture-based and sequence-based approaches. Especially, the development of next-generation 
sequencers has enabled the accumulation of genome big-data and the construction of draft genomes is progressing 
rapidly. However, despite this progress, the diversity of environmental microbes is still overwhelming. Therefore, 
there is a need for an analysis method that can selectively and efficiently collect microbes with useful functions 
from microbial populations. Here, we have developed a new single-cell analysis platform for screening beneficial 
microbes by a combination of droplet microfluidics and Raman-micro spectroscopy. 
Droplet microfluidics is a technique for generating monodispersed water in oil droplets in a high-throughput 
manner. By applying droplets as reaction vessels, we have developed a high-throughput single-cell genome 
sequencing method, which could be applied to comparative genome analysis of microbes at the strain level1). On 
the other hand, Raman micro-spectroscopy enables label-free detection of substances and real-time imaging of 
cellular components at single-cell level. Furthermore, we have applied a multivariate spectral decomposition 
method (MCR-ALS) to decompose spectrum, which enabled the evaluation of the productivity of microbial 
metabolites and the observation of various biomolecules in microbes2). 
Combining these two technologies, we have developed a platform for screening beneficial microbes and acquiring 
genome sequences at the single-cell level. In this platform, single cells are encapsulated into droplets, and Raman 
micro-spectroscopy identifies the candidate microbes which producing the target biomolecules (ex. secondary 
metabolites). The droplets containing target microbes are then isolated, and the microbes are processed to whole 
genome amplification followed by genome sequencing. We have applied the platform to marine sponge Theonella 
sp. and acquired the single-cell draft genomes of symbiotic microbes (Chloroflexi bacterium), which produce 
functional secondary metabolites. This platform enables selective acquisition of microbes producing functional 
biomolecules and is expected to be applied to rare and useful microbes, which has been difficult in conventional 
methods. We hope that this platform will lead to the discovery of enzymes or secondary metabolites that can be 
applied to industrial and medical fields. 
  
Keywords : Single-cell analysis, Droplet microfluidics, Raman micro-spectroscopy, Secondary metabolite 
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    The Road to Animal Free Sulfated Glycosaminoglycans: Production of Chondroitin and Heparin 
Using Recombinant Bacteria 

 
Mattheos KOFFAS 
Rensselaer Polytechnic Institute, Center for Biotechnology, Troy NY, USA 
Corresponding Author Email : koffam@rpi.edu 
 
Sulfated glycosaminoglycans (sGAGs) are linear polysaccharides that have important applications in the medical 
and food industries. Engineering bacteria for microbial production of sGAGs will facilitate the one-step, scalable 
production with good control over sulfation levels and positions in contrast to extraction from animal sources. 
 
Advancing towards this goal, we engineered E. coli to accumulate 3’-phosphoadenosine-5’-phosphosulfate 
(PAPS), the universal sulfate donor, using traditional metabolic engineering approaches. PAPS is one of the least 
explored components required for biosynthesis of SGAGs. The resulting engineered E. coli strain showed a 
~1000-fold increase in intracellular PAPS concentrations.  
 
In a similar fashion, we were able to identify using computational tools a number of chondroitin sulfotransferases 
with enhanced activities when provided unsulfated chondroitin and PAPS. These mutants were identified using 
PROS, a computational platform that allows the identification of point mutations that improve enzyme stability 
and solubility. By combining the PAPS produced in E.coli with the functionally expressed sulfotransferases, we 
were able to show for the first time the production of animal-free bioengineered CS in an E.coli recombinant 
strain. A similar approach was followed for the production of deuterated heparin, another sulfated GAG, also for 
the first time. 
 
Keywords : chondroitin, heparin, sulfated glycosaminoglycans 
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 S433   Metabolic Engineering for Efficiently Utilizing Various Carbon Sources 

 
Min-Kyu OH 
Department of Chemical and Biological Engineering, Korea University, Seoul, Korea 
Corresponding Author Email : mkoh@korea.ac.kr 
 
The development of industrial strains that efficiently utilize carbon source is very important for success in 
biorefinery. In case of 1st generation biomass, overflow metabolism is the main issue because high amounts of 
byproducts are produced during fermentation. To reduce the overflow metabolism, the elimination of 
phosphotransferase system (PTS) and glucose transporters are beneficial for industrial microorganims to improve 
yield of target products from glucose. Also, engineering of electron transport chain (ETC) was also beneficial in 
isobutanol and 2,3-butanediol production from glucose. To utilize 2nd generation lignocellulosic biomass, the 
microorganisms must be able to co-consume glucose, xylose, and other carbon sources. This can be partially 
achieved by minimizing carbon catabolic repression (CCR) and further engineering of metabolic pathways to 
eliminate by-products. Lastly, to utilize biowastes, such as formate and acetate, a methylotroph was engineered 
as a model organism. By modifying carbon source uptake pathways, this strain can produce PHA, a degradable 
biopolymer, efficiently from formate and acetate. Further studies are needed for strain improvement for utilizing 
biowastes as a carbon source. 
 
Keywords : Carbon source utilization, metabolic engineering, biorefinery 
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 S434   Development of Metabolically Engineered Corynebacterium Glutamicum for Biorefinery 
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Biorefinery process developed for bio-based production of chemicals, fuels, and plastics depends on microbial 
fermentations that can produce such products from renewable resources. Since microbial host strains employed 
as host catalysts in biorefinery are one of the most important factors determining efficiency of bioprocess, 
microorganisms that can be used as host strains have extensively engineered to produce target products in most 
efficient way by metabolic engineering strategies. Among several host strains that have been employed in 
biorefinery, Corynebacterium glutamicum has been suggested as potential host strain for the production of bio-
based products. 
In this presentation, the strategies for bio-based production by metabolically engineered C. glutamicum are mainly 
discussed. 
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    Gene Expression Systems in Pseudomonas putida: an Alternative Microbial Cell Factory for 
Production of Platform Chemicals 
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Recent concerns over sustainability of our existing petroleum-based economy have raised interest in harnessing 
microbial organisms to produce chemicals from renewable biomasses. This microbial conversion is hampered by 
the difficulty in designing and constructing effective synthetic metabolic pathways and inhibitory effect of 
substrates and products. The Pseudomonas putida KT2440 strain recognized as safe microbial host for 
recombinant DNA constructs, has become a next-generation-synthetic-biology chassis or industrial workhorse 
with its metabolic versatility and applicability. The strain exhibits excellent properties, including a remarkable 
tolerance to oxidative stress, organic solvents, and aromatic compounds; no or reduced byproduct formation; and 
a high yield of NADPH through the Entner-Doudoroff (ED) pathway. Our Lab has been working to develop 
elemental technologies for a new synthetic platform Pseudomonas strain for biorefinery applications like 1) co-
consumption of biomass derived substrates like glucose, xylose, cellobiose or levulinic acid 2) metabolic 
engineering of central metabolic pathways, 3) metabolic engineering of target biosynthesis pathways and 4) 
development of substrate or product based gene expression tools. Inducible and tunable expression systems are 
essential for the microbial production of biochemicals. Five different carbon source- and substrate-inducible 
promoter systems were developed and further evaluated in Pseudomonas putida KT2440 by analyzing the 
expression of green fluorescent protein (GFP) as a reporter protein. For application, metabolic engineered 
P. putida strain was developed to produce 4-hydroxyvalerate (4HV), a versatile chemical used for the synthesis 
of various commodities and fine chemicals. The final engineered strain produced a maximum of 50 g/L 4HV with 
97% conversion from levulinic acid. For the future studies, these technologies will be merged into biorefineries 
that produce valuable compounds [3-hyroxypropionate, dicarboxylic acids, 2,3-butanediol, fatty acids]. 
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 S436   Production of Non-natural Acetins from Glycerol using Metabolically Engineered Escherichia coli 
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Mono-, di-, and triacetin are three estres of glycerol that are usually synthesized via costly and environmental 
unfriendly chemical synthesis methods. We metabolically engineered Escherichia coli for the production of mono-
, di-, and triacetin using glycerol as a substrate. A novel biosynthetic route of mono- and diacetin is created by 
overexpression of the native enzyme, maltose O-acetyltransferase (MAA). Then, the biosynthetic pathway is 
extended to produce a mixture of mono-, di-, and triacetin by overexpression of chloramphenicol-O-
acetyltransferase (CAT). By combined strategies of heterologous gene expression, metabolic engineering, and 
culture optimization, a recombinant E. coli is enabled to produce more than 27 g/L mixture of mono-, di-, and 
triacetin in shake flask cultures which is a more than 650-fold increase over the initial production of 0.04 g/L. In 
vitro studies confirm the acetylation of glycerol to mono- and diacetin by MAA, and the additional acetylation to 
triacetin by CAT. When crude glycerol is used as a substrate, the engineered strain produced a total of 25.9 g/L 
of the acetins mixture, about the same as that achieved from pure glycerol. To our knowledge, this is the first 
successful report of microbial production of the artificial chemicals, acetins. 
This work was supported by the National Research Foundation of Korea (NRF) grant funded by the Korea 
government (MSIT) (No. 2021R1A5A8029490). 
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 S437   Differential regulation of weak organic acid tolerance by WatR transcription factor 
in Methylomonas sp. DH-1 
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WatR (weak acid tolerance regulator) is a newly discovered LysR-type transcription factor involved in lactate 
tolerance in Methylomonas sp. DH-1, a type I methanotroph. As an effort to produce lactic acid from methane, 
lactate-tolerant strain JHM80 was generated by adaptive evolution of Methylomonas sp. DH-1. Overexpression 
of the watR gene, due to a mutation in the promoter, was revealed to be responsible for the lactate tolerance in 
JHM80. Deletion of watR also decreases the tolerance against other weak organic acids such as formate and 
propionate. On the contrary, watR deletion led to an increase in acetate tolerance. To understand the differential 
roles of WatR depending on the types of weak organic acids, the WatR targets were identified by ChIP-seq, and 
their transcriptional changes in response to acetate were examined by RNA-seq. We demonstrate that WatR can 
function as both an activator and a repressor and that expression of the target genes are induced by acetate 
irrespective of the regulation type. WatR acts as an activator of genes encoding subunits of an efflux pump, which 
are responsible for the tolerance of several organic acids in general. On the other hand, WatR acts as a repressor 
of previously unannotated genes of small open reading frames (smORF), depressing their expression upon acetate 
stress. These smORF proteins, having potential membrane spanning domain, are only involved in acetate 
tolerance, but not other weak organic acids. Therefore, these smORF proteins may regulate the specificity of an 
efflux pump of weak organic acids, suggesting a novel regulatory mechanism for weak organic acid stress. 
 
Keywords : efflux pump, methanotroph, LysR regulator, small open reading frame, weak organic acid tolerance, 
lactic acid 
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 S438   Engineering of Klebsiella oxytoca for production of 2,3-butanediol from multiple sugars 
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Klebsiella oxytoca is one of promising microbes for production of 2,3-butanediol (2,3-BDO), which is a 
potentially valuable bulk chemical due to its extensive industry applications. As the demand for economic and 
ecologically friendly production of 2,3-BDO increases, the development of microorganisms consuming multiple 
sugars from cheaper biomass (lignocellulose, microalgae etc) is attracting attention. In general, hydrolysis of 
biomass generates multiple sugars including xylose, galactose, mannose as well as glucose, but due to higher 
preference to glucose than other sugars, the direct use of biomass hydrolysates does not allow the rapid cell growth 
and efficient production of target product. To tackle this limitation, we tried to engineer K. oxytoca using synthetic 
biology tools, adaptive laboratory evolution (ALE) and metabolic engineering, and the engineered strain showed 
improved sugar consumption rates with high productivity of 2,3-BDO during cultivation with multiple sugars. In 
addition to synthetic media, we also confirmed the efficient utilization of the real hydrolysates from sunflower 
and microalgae as carbon sources in cultivation. In this talk, I will present the progressive results for this 
engineering of K. oxytoca.  
 
Keywords : Klebsiella oxytoca, 2,3-Butanediol, biomass hydrolysate, adaptive laboratory evolution, metabolic 
engineering  
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 S441   Bioengineering Considerations for a Nurturing Way to Improve Expansion of Pluripotent Stem Cells 
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Human pluripotent stem cells (hPSCs), including embryonic stem cells (ESCs) and human induced pluripotent 
stem cells (hiPSCs), are capable of extended propagation and differentiation to clinically relevant cell types. The 
constant supply of high cell numbers in consistent, high quality is indispensable for the successful application of 
hPSCs and their progenies for regenerative medicine/cell therapy and drug discovery. To achieve this, there must 
be knowledge of the fluctuations in current bioprocesses and the variation in stem cell products and their 
derivatives allowed by regulators and their applications to obtain an understanding of where improvements can 
be made. 
 
In this symposium, we will introduce our new approaches associated with development of stem cell expansion 
strategy. First, we will address the fundamental mechanisms that govern the growth kinetics of hPSCs between 
static and dynamic cultures, identify the factors causing fluctuations, and discuss culture strategies that might 
eliminate or minimize the occurrence of cell-to-cell variability arising from these fluctuations. We will then 
introduce the principles for building and nurturing culture environment, operation, and human resources that will 
play a central role in achieving a more reliable, affordable, and efficient culture system required in a wide variety 
of downstream applications of hPSCs in the future. Second, we will introduce the importance of culture-induced 
cell behavior in the regulation of epigenetic memory during the culture of undifferentiated hPSCs. Specifically, 
we will focus on the manner in which cell behavior triggers mechanotransduction signaling pathways in relation 
to the epigenetic memory formation. In addition, we will discuss the effect of cell behavior-driven epigenetic 
memory on preferential lineage differentiation of hPSCs. These discussions may offer solutions/perspectives to 
bioengineers to develop reliable and productive stem cell bioprocesses with an underlying goal toward next-
generation production systems. 
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 S442   Combination of Functional Nano-adjuvant with Electrical Ablation for Effective Local Cancer 
Immunotherapy  
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Recently, cancer immunotherapy has become standard for cancer treatment. The immunotherapy treats primary 
tumors as well as prevents metastasis and recurrence, representing a significant advantage over conventional 
cancer treatments. However, the existing cancer immunotherapies have limited clinical benefits because cancer 
antigens are often not effectively delivered to immune cells. Furthermore, unlike lymphoma, solid tumors evade 
anti-cancer immunity by forming an immune-suppressive tumor microenvironment (TME). One approach for 
overcoming these limitations of conventional cancer immunotherapy involves nanoparticles based on 
biomaterials. A novel combination of a functional nano-adjuvant and the electrical ablation technique has been 
developed for effective image-guided local cancer immunotherapy. The nano-adjuvant shows a long tumor 
retention time after precise administration into the tumor region using imaging guidance in a mouse tumor model. 
Finally, the combined treatment significantly inhibits tumor growth with a survival rate of 100%. The therapy 
induces the activation of cytotoxic lymphocytes and the maturation of APCs in vivo, aiding protection against 
tumor rechallenge. Taken all together, the combinational local cancer immunotherapy based on nano-adjuvant 
and electrical ablation has a great potential in treating intractable cancer diseases. 
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 S443   Keratin-based Nanoparticles with Tumor-Targeting and Cascade Catalytic Capabilities for the 
Combinational Oxidation Phototherapy of Breast Cancer 
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Photodynamic therapy (PDT) shows pronounced potential as a prominent therapeutic strategy for cancer 
treatment. However, the efficacy is limited by insufficient tumor-targeted delivery of photosensitizers and the 
tumor hypoxic microenvironment. Also, the development of NO control release system in the target site is still 
facing enormous challenges. Herein, we constructed methylene blue (MB) loaded PBA-targeted human hair 
keratin-based nanoparticles (MB@KPTNPs) for NO generation and PDT of 4T1 cancer cells overexpressing sialic 
acid (SA). Cellular uptake and in vitro cytotoxicity results indicated that MB@ KPTNPs specifically targeted 
cancer cells and effectively inhibited their growth. Furthermore, MB@KPTNPs were capable of improving 
intracellular nitric oxide levels through bio-metabolism, which could produce a sufficient amount of NO to reduce 
the GSH level to improve PDT efficiency. In addition, NO can react with reactive oxygen species (ROS) to 
produce reactive nitrogen species (RNS) to further improve the PDT efficiency. Therefore, combination 
NO/photodynamic therapy of the tumor was achieved, which presented a remarkable inhibition growth of tumors 
and lung metastasis. These findings provide the opportunity to design a self-generated NO keratin-based 
nanosystem without any NO donor with a combination of photodynamic therapy 
 
Keywords : Keratin, Nanomedicine, ROS, Photodynamic, Cancer therapy 
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 S444   Micro/Nanotechnology Systems for Neural Stem Cell Differentiation 
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Biophysical cues, such as electrical stimulus, mechanical feature, and surface topography, enable the control of 
neural stem cell (NSC) differentiation and neurite outgrowth. However, the effect of these biophysical cues on 
NSC behavior has not been fully elucidated. In the present study, we developed an innovative combinatorial 
biophysical cue sensor array combining a surface modified nanopillar array with conductive hydrogel 
micropatterns. The micro/nanopattern comprised silicon oxide-coated polyurethane nanopillar arrays on a flexible 
film and conductive hydrogel micropatterns including polyethylene glycol hydrogel, silver nanowires, and 
reduced graphene oxide. A computational fluid dynamic model was used to optimize the design parameters of the 
nanopillar arrays. In the study, we successfully demonstrated that the nanopillar array enhanced the differentiation 
of NSCs and efficiently regulated neuronal behavior, such as neurite outgrowths, by conductive hydrogel 
micropatterns combined with electrical stimuli. Therefore, our innovative combinatorial biophysical cue sensor 
array to control NSC behavior via electrical stimuli can be potentially useful to study neurodegenerative and 
neurological disorder therapy applications. 
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 S445   Multi-modal Gene and Chemotherapy: Biologically-targeted, Universally-adaptable, and 
Synergistic Therapy for Cancer 
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Cancer is a top target in medicine and a tremendous efforts and resources have been invested to find efficient and 
safe therapies. Cancer chemotherapy directly tackles a key pathogenic effector such as oncogenic proteins, with 
limited efficacy, poor specificity, and the development of resistance, altogether contributing to clinical 
shortcomings. In contrast, gene therapy targets a molecular cause of cancer such as oncogenes and is capable of 
genetically manipulate undruggable pathways, while its cost-effectiveness, extent of therapeutic effects, and 
availability for a broad range of cancers are remaining challenges. In this presentation, a hybrid form of gene 
vector, viral/nonviral chimeric nanoparticles (ChNPs) that simultaneously express and silence BIM and MCL-1, 
respectively, were developed to treat chronic myelogenous leukemia (CML) as a simple target as well as other 
forms of cancers. In combination of a tyrosine kinase inhibitor (TKI), dasatinib, a synergized therapy was 
demonstrated in vitro and in a syngeneic animal model. The same therapy principle can be expanded to other 
forms of cancers in attempt to accomplish synergistic, flexible, broadly applicable, and biologically-specific 
therapies. This presentation will introduce the rationale of multi-modal gene and chemotherapy for cancer, explain 
ChNPs design and synthesis, show therapeutic evaluations, and discuss implications and future directions. 
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 S446   Transparent Tumor Imaging 
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For intratumoral uptake, the movement of nanoparticles(NPs) to tumor sites distant from the blood vessels is 
impaired by high interstitial fluid pressure (IFP), vessel density, limited interstitial space, dense networks of 
collagen fibers, and abundant tumor stromal cells (fibroblasts, immune cells, and tumor-associated macrophages). 
In addition, the tumor microenvironment can also create hypoxic and acidic conditions. To analyze the distribution 
of NPs and the existence of hypoxic cells in relation to blood vessels within a solid tumor, microscopic observation 
of tumor sections (<10 µm) is a well-established method. However, this provides far less information about the 
spatial distribution of NPs and fails to entirely characterize the quantitative relationship among the penetration 
depth of NPs, hypoxic regions, and blood vessels due to limited ability to observe tumor region. In this work, we 
use a tissue optical clearing technique to obtain transparent tissues without sectioning and three dimensional tissue 
reconstruction, subsequently achieving high-resolution information on tumor microenvironment. The aim of this 
study was to depict the spatial distribution of liposomal nanoparticles (Lip-Rus) in relation to tumor vasculature, 
hypoxic regions and clonogenic cells in intact transparent tumor tissues. The spatial distribution showed an 
apparent lack of Lip-Ru penetration into the tumor site. Quantitative verification indicated that the penetration 
depth of Lip-Ru was ~85 μm; however, the maximum distribution percentage was observed only within a 40 to 
50 μm distance from the nearest vessels. To validate the existence of viable cells deep inside the tumor, we 
examined the spatial distribution of hypoxic and clonogenic cells in intact transparent tumor tissues. Herein, for 
the first time, we present a direct demonstration of the spatial distribution of hypoxic and clonogenic cells in 
relation to blood vessels. HIF1α was selected as a marker to detect hypoxic regions, and CD44 was selected as a 
marker to identify clonogenic cells in the tumor microenvironment. Characteristic distance mapping illustrated 
that HIF1α expression in the tumor ranged from 62 to several hundred μm (~460 µm), verifying that HIF1α is 
expressed far from blood vessels. By contrast, the distribution of CD44 decreased with the increasing distance 
from blood vessels; however, CD44 was still expressed in a significant area, ranging from approximately 70 μm 
to 200 μm, and the maximum distribution of CD44 was observed until approximately 300 µm from the nearest 
blood vessels. These findings reveal that hypoxic and clonogenic cells do not receive sufficient Lip-Ru and that 
beyond the maximum penetration of Lip-Ru, the tumor contains CD44- and HIF1α-positive cells that are viable. 
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 S447   Silk is a Biomedical Metamaterial: An Oxymoron? 
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As protein-based biopolymers produced by spiders and silkworms, silk is a fascinating biomaterial that has been 
extensively studied for numerous biomedical applications. Several studies show that silk proteins can be 
reinforced to superior material properties that often do not exist in naturally occurring materials. This idea has an 
analogy with the concept of metamaterials and metastructures. Research on metamaterials and metastrcutures is 
centered in constructing materials to have user-designed atypical responses that often do not exhibit in nature. 
Optical metamaterials are often realized by controlling the electric and magnetic properties, not limited to negative 
refractive index and invisibility cloaks. Mechanical metamaterials take advantage of artificially engineered 
structures to determine mechanical properties, relatively independent of material compositions. On the other hand, 
typical metamaterials are not intended for biomedical applications and their construction primarily relies on exotic 
materials and complex nanofabrication and nanomanufacturing. 
In this talk, we argue that the concept of reinforced or superior silk can be extended to a type of metamaterials. In 
other words, reinforced silk produced by transgenic silkworms and silkworms fed with special diets could be 
considered as biomedical metamaterials that are designed for direct utilizations for biological and medical 
applications. In particular, metamaterial-like silk can serve as an ab initio foundation for opening immediate 
applications. Reactive oxygen species (ROS)-generating fluorescent silk will offer immediately exploitable and 
scalable photocatalyst-like biomaterials. The ROS generation and the photoelectric conversion are two sides of 
the same coin in terms of redox reactions and electrochemistry. As light-fluorescent protein interactions are often 
understood based on quantum mechanics, fluorescent protein-expression silk could provide an alternative model 
system for studying quantum biology and quantum biophotonics. Silkworm transgenesis and diet-enhanced silk 
production can potentially guide synthetic biology approaches to enable the production of superior synthetic silk. 
 
Keywords : Silk, transgenesis, biomaterials, metamaterials, metastructures 
 
References 
1. J.W. Leem, A.E. Lacsahuanga Allcca, Y.J. Kim, J.W. Park, S.W. Kim, S.R. Kim, W. Ryu, Y.P. Chen, and 

Y.L. Kim, “Photoelectric silk via genetic encoding and bio-assisted plasmonics,” Advanced Biosystems, 
4:2000040, 2020. 

2. J.W. Leem, M.J. Fraser, and Y.L. Kim, “Transgenic and diet-enhanced silk production for reinforced 
biomaterials: A metamaterial perspective,” Annual Review of Biomedical Engineering 22:79-102, 2020. 

3. J.W. Leem, M.S. Kim, S.H. Choi, S.R. Kim, S.W. Kim, Y.M. Song, R.J. Young, and Y.L. Kim, “Edible 
unclonable functions,” Nature Communications 11:328, 2020. 

4. J.W. Leem, A.E. Lacsahuanga Allcca, J. Chen, S.W. Kim, K.Y. Kim, K.H Choi, Y.P. Chen, S.R. Kim, and 
Y.L. Kim, “Visible light biophotosensors using biliverdin from Antheraea yamamai,” Optics Express 
26:31817, 2018. 

5. S.H. Choi, S.W. Kim, Z. Ku, M.A. Visbal-Onufrak, S.R. Kim, K.H. Choi, H. Ko, W. Choi, A.M. Urbas, T.W. 
Goo, and Y.L. Kim, “Anderson light localization in biological nanostructures of native silk,” Nature 

44



Convergence of Biotechnologies in the 4th Industrial Revolution Era2021 한국생물공학회 추계학술발표대회 및 국제심포지엄
2021 KSBB Fall Meeting and International Symposium

Communications 9:452, 2018. 
6. J.W. Leem, J. Park, S.W. Kim, S.R. Kim, S.H. Choi, K.H. Choi, and Y.L. Kim, “Green-light-activated 

photoreaction via genetic hybridization of far-red fluorescent protein and silk,” Advanced Science 5:1700863, 
2018. 

7. J.W. Leem, S.R. Kim, K.H. Choi, and Y.L. Kim, “Plasmonic photocatalyst-like fluorescent proteins for 
generating reactive oxygen species,” Nano Convergence 5:8, 2018. 

8. J.W. Leem, S.H. Choi, S. Kim, S. Kim, K. Choi, and Y.L. Kim, “Scalable and continuous nanomaterial 
integration with transgenic fibers for enhanced photoluminescence,” Materials Horizons 4:281-289, 2017. 

 
  

45



Convergence of Biotechnologies in the 4th Industrial Revolution Era2021 한국생물공학회 추계학술발표대회 및 국제심포지엄
2021 KSBB Fall Meeting and International Symposium

 S448   CRISPR-Cas12a-assisted Multi-Viral DNA Detection by the Surface-Enhanced Raman Scattering 
(SERS)-based Triangle Au Nanoflower Substrate 
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CRISPR-based gene-editing system has been spotlighted for the precise and effective gene editing and treatment 
of several genetic diseases. In addition, several nucleic acid biomarkers could be detected for accurate and early 
diagnosis through its targeted gene editing property. However, there should be an essential process that caused to 
waste of cost and time to amplify the target nucleic acids for the sensitive detection. To overcome the limitation, 
we developed the novel surface-enhanced Raman spectroscopy (SERS)-based ultrasensitive detection platform 
by using triangle Au nanoflower substrate (TANF) and Raman probe-functionalized Au nanoparticles (RAuNPs). 
To enhance the Raman intensity for the sensitive detection, we integrated assorted signal boost-up factors, 
including triangle Au microstructure, rough-faced Au nanoflower, graphene oxide (GO), and RAuNPs, which 
trigger electromagnetic and chemical enhancement. Using this Raman-sensitive platform facilitated to enhance 
the Raman intensity and improved the sensitivity of the multi-viral DNA detection such as HBV, HPV-16, and 
HPV-18 with a quite low detection limit and vast detection range covering from 1 aM to 100 pM without target 
amplification. We suggest that this ultrasensitive and rapid detection system can be widely applied for the precise 
and early diagnosis of the virus and gene-related several diseases. 
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 S451   Cellular Recording Using CRISPR Technologies 
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Robust recording of environmental and biological information over time has been a key challenge limiting the 
development of useful cell-based sentinels that can monitor environments and cellular states in open settings. In 
this talk, I describe a new framework to store environmental and biological temporal information directly into the 
genomes of a bacterial population. Using this framework, we recently developed a “biological tape recorder” in 
which biological signals trigger intracellular DNA production that is then recorded by the CRISPR-Cas adaptation 
system. This approach enables stable recording of temporal and lineage information over multiple days, which 
can be accurately reconstructed by sequencing CRISPR arrays. Using CRISPR-based cellular recording in 
complex microbial communities, we track and dissect horizontal gene transfer events in real time across the human 
gut microbiome and in vivo colonization of bacteria. Robust temporal recording of environmental and biological 
signals using engineered cells enables new applications for chronicling cellular events on a large scale, at a higher 
resolution, and in otherwise inaccessible settings. 
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 S452   DNA-based Recording System for Gut Inflammation 
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Microbes living and interacting with host cells in the human gut are essential to human health. Changes in the 
composition of this gut microbiome cause disease-associated symptoms, which motivates the engineering of 
microbes to diagnose, treat, memorize, or prevent disease. Microbes reprogrammed using advanced DNA-based 
recording systems are envisaged as emerging living diagnostics and therapeutics for a wide range of diseases and 
play key roles in regulating gut microbiota to treat disease in a non-invasive manner. Here, we present a CRISPR-
aided genetic switch that uses various Cas effectors to convert the mRNA information into RNA-guided 
transcriptional regulation or base editing. We combined the transcription factor-based genetic circuit with the 
CRISPR system and optimized the genetic switch performance by tuning and processing the gRNA. We then 
developed a DNA-based recording system for sensing and recording multiplex inflammation markers. These 
strategies developed here present a simple and robust approach to convert many biological signals into a DNA-
based recording system, expanding the toolkit for biotechnological applications. 
 
Keywords : Genetic circuit, Gut inflammation, CRISPR, Boolean AND gate, DNA memory 
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 S453   Scalable DNA-Based Information Storage 
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DNA holds significant promise as a data storage medium due to its density, longevity, and resource and energy 
sustainability. These advantages arise from the inherent biomolecular structure of DNA as well as, perhaps 
unintuitively, the spatially disordered nature of DNA mixtures. For example, disordered pools of DNA strands 
confer extreme density, while arraying DNA strands on fixed substrates or within microwells would abrogate 
almost all of this density advantage. Furthermore, even just terabyte-sized databases would require mixtures of 
billions of distinct DNA strands, much larger than the sequence diversity of the human genome; thus, the unique 
molecular and disordered nature of DNA storage presents clear challenges arising simply from the fact that many 
diverse strands of DNA will be in crowded proximity with severe thermodynamically-driven limitations on file 
access specificity and accuracy. This prompts important discussions on how data should be organized, accessed, 
and manipulated. Here we argue that the novel architecture of DNA storage may actually confer novel 
functionalities beyond what is possible with conventional storage media, and that inspiration from natural 
biological processes and biochemistry can be leveraged to engineer novel and scalable functionalities into DNA 
databases. We will describe three examples of this approach. We will show how hierarchical file systems can be 
engineered to expand the number of possible unique DNA file addresses by five orders of magnitude and that 
individual KB sized files can be specifically accessed from large TB sized background databases. Next, we took 
inspiration from the processes of gene expression and strand displacements to engineer a dynamic and reusable 
DNA storage system that can rename, lock, and delete files while also improving encoding efficiency and 
information density over current random access methods. Finally, we describe how thermodynamics can be 
leveraged to tune biomolecular interactions and implement functions such as File Preview. 
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In DNA storage1,2,3, it is known that there exists a tradeoff between writing and reading costs4. A high-rate error-
correcting code saves the writing cost but it will need more sequence reads for data retrieval. Previously, 
clustering, alignment, and decoding were considered as separate steps but exploiting the information from all 
these processes together may improve the error-correcting performance and so the tradeoff. 
For DNA storage systems using Luby transform (LT)5 and Reed-Solomon (RS) codes, we introduce several 
techniques to improve the error-correcting performance. We designed the decoding process focusing on the 
cooperation of key components: Hamming-distance based clustering, discarding of abnormal sequence reads, RS 
error correction as well as detection, and quality score-based ordering of reads. We wrote 513.6 KB data by 
synthesizing DNA oligos and sequenced them with Illumina MiSeq. Compared to Erlich’s research6, the proposed 
method incorporated 10.6-11.9% more sequence reads with few errors under the same sequencing environment, 
which reduced the reading cost by 6.5-8.9%. Channel characteristics including sequence coverage and read-length 
distributions are provided as well. 
 
Keywords : DNA storage, DNA memory, Decoding, Clustering, Alignment, Error correction 
 
References 
1. G. M. Church, Y. Gao, and S. Kosuri, Science, 337, 1628 (2012). 
2. N. Goldman, P. Bertone, S. Chen, C. Dessimoz, E. M. LeProust, B. Sipos, and E. Birney, Nature, 494, 77 

(2013). 
3. L. C. Meiser, P. L. Antkowiak, J. Koch, W. D. Chen, A. X. Kohll, W. J. Stark, R. Heckel, and R. N. Grass, 

Nat. Protocols, 15, 86 (2020). 
4. S. Chandak, K. Tatwawadi, B. Lau, J. Mardia, M. Kubit, J. Neu, P. Griffin, M. Wootters, T. Weissman, and 

H. Ji, In: The 57th Annual Allerton Conference on Communication, Control, and Computing, 147 (2019). 
5. M. Luby, In: The 43rd Annual IEEE Symposium on Foundations of Computer Science, 271 (2002). 
6. Y. Erlich and D. Zielinski, Science, 355, 950 (2017). 
 
 
  

51



Convergence of Biotechnologies in the 4th Industrial Revolution Era2021 한국생물공학회 추계학술발표대회 및 국제심포지엄
2021 KSBB Fall Meeting and International Symposium

 
 
 
 
 
 
 
 

 
 
 
  

[S4-6] 

Cell-free Synthetic Biology and DNA 

52



Convergence of Biotechnologies in the 4th Industrial Revolution Era2021 한국생물공학회 추계학술발표대회 및 국제심포지엄
2021 KSBB Fall Meeting and International Symposium
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Synthetic Biology (SB) is one of the most promising fields of research for the 21st century. SB offers powerful 
new ways to improve human health, build the global economy, manufacture sustainable materials, and address 
climate change. However, current access to SB-enabled breakthroughs is unequal, largely due to bottlenecks in 
infrastructure and education. Here, I describe our efforts to re-think the way we engineer biology using cell-free 
systems to address these bottlenecks. We show how the ability to readily store, distribute, and activate low-cost, 
freeze-dried cell-free systems by simply adding water has opened new opportunities for on-demand biomanufac-
turing of vaccines for global health, point-of-care diagnostics for environmental safety, and education for SB 
literacy and citizenship. By integrating cell-free systems with artificial intelligence (AI), we also show the ability 
to accelerate the production of carbon-negative platform chemicals. Looking forward, advances in engineering 
tools and new knowledge underpinning the fundamental science of living matter will ensure that SB helps solve 
humanity’s most pressing challenges. 
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Cell-free synthesis harnesses synthetic apparatus of cells in open environment. In principle, the constituents of 
cell-free synthesis can be individually manipulated without being limited by the requirement for maintaining cell 
viability and integrity. For example, in analogy to reconnecting a short circuit, an incomplete reaction mixture can 
be activated to produce protein outputs upon complementation with the missing components. We probed the 
possibility of extending this concept for the analysis of various chemical targets as well as important biomarkers1,2. 
This presentation will also include a discussion how the concept of cell-free biology can be further developed into 
a universal platform for on-site analysis and point-of-care diagnostics3. 
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Over the last few decades, nucleic acids (e.g., DNAs and RNAs) have proven to be an exceptionally versatile 
material beyond genetic information storage. As a sequence controlled polymer, they fold into a unique 3D 
structure and create a variety of functionalities including molecular recognition, catalysis, construction of complex 
patterns, and even nanomechanical motions. Importantly, these synthetic constructs can be programmed to perform 
a wide range of molecular functions in a controlled manner-this is a powerful feature that cannot be easily realized 
in other macromolecules. Indeed, they offer unique capabilities with regards to the creation of molecular machines 
that can perform complex functions in the right order at the right time. 
To fully realize this potential, my work has focused on the development of high-throughput methodologies to 
generate nucleic acids that enable programmed functions, along with their subsequent applications. Specifically, 
in this presentation, I will introduce an innovative in vitro selection strategy, enabling the discovery of novel 
structure-switching aptamers and ribozymes, and demonstrated the molecular machines’ potential toward real-
time analyte detection and gene regulation applications. 
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 S464   A stochastic DNA walker that traverses a microparticle surface 
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Molecular machines have previously been designed that are propelled by DNAzymes, protein enzymes and strand 
displacement. These engineered machines typically move along precisely defined one- and two-dimensional 
tracks. Here, we report two different DNA walker systems that use hybridization to drive walking on DNA-coated 
microparticle surfaces. Through purely DNA:DNA hybridization reactions, the nanoscale movements of the 
walker can lead to the generation of a single-stranded product and the subsequent immobilization of fluorescent 
labels on the microparticle surface. The first walker (bipedal) can take more than 30 continuous steps and then it 
is released from the microparticle surface.1 The second walker (unipedal) is designed to stay persistently bound 
to the particle surface through multiple turnovers, and can take at least 47 (and likely more) steps without 
release.2 The third walker (multipedal) have four legs and its movement is controlled by alternating pH 
changes.3 These autonomous walkers may be of use in analytical, diagnostic applications and practical 
nanomachines. 
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 S471   Analysis of Functional Ingredient Accumulation Mechanism and Application in Sake Yeast 
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S-adenosylmethionine (SAM) is a key regulatory compound in various biological reactions and functions as a 
major donor of methyl groups. SAM is highly accumulated in vacuoles in sake yeast compared to other yeast 
strains, bacteria, molds, or other microorganisms. To isolate a SAM-accumulating yeast strain, we screened 
methionine resistant strains using the yeast deletion library of budding yeast and identified ADO1 encoding 
adenosine kinase as one of the factors participating in high SAM accumulation. Next, to elucidate the mechanism 
underlying SAM accumulation in sake yeast strains compared with that in laboratory yeast strains, we performed 
quantitative trait locus (QTL: Quantitative trait locus) analysis and identified ERC1 gene, encoding a member of 
the multi-drug and toxin extrusion family having antiporter activity. Expression of the sake yeast ERC1 allele 
resulted in intracellular SAM accumulation. Moreover, the sake yeast ERC1 allele contributes to an increase in 
the ratio of Tetrahydrofolate (THF) to the total folate content in sake yeast. Thus, our findings might be useful in 
the breeding of high SAM and folate accumulating yeast strains for industrial uses such as dietary supplements, 
sake cakes and so on. 
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Successful bioprocess requires accurate understanding and optimal engineering of a production host’s 
metabolism. Optimization of a bioprocess has now been better facilitated by the increasing availability of bio big 
data and the use of machine learning methods [1, 2]. Here, two deep learning models will be presented, namely 
DeepEC [3] and DeepRFC [4]. DeepEC is a deep learning model that predicts enzyme commission (EC) numbers 
with high precision in a high-throughput manner by taking a protein sequence as an input [3]. Prediction of EC 
numbers is essential for accurately understanding enzyme functions and metabolism, especially during genome 
annotation. Meanwhile, DeepRFC examines the feasibility of a large number of retrobiosynthesis- derived 
enzymatic reactions [4]. Retrobiosynthesis helps systematically design novel biosynthetic pathways for the 
production of a target chemical, but often generates a very large number of candidate reactions, which makes 
experimental validation challenging. DeepRFC can facilitate the implementation of retrobiosynthesis by 
substantially reducing a large number of candidate enzymatic reactions. Continued efforts in developing 
computational platform technologies along with generation of meaningful biological datasets will innovate our 
approaches to developing bioprocesses. 
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Production media for microbial cultivation is a significant factor to perform efficient cell growth and production. 
In industrial fermentation processes, raw materials including yeast, malt, and meat extracts, peptone, molasses, 
and the other agricultural and industrial waste are often used. The compositions can be varied in seasonal and 
geological varieties, brands, and production-lots, and influence microbial growth and material production. To 
understand the varieties of medium components, we have suggested that an analytical method assisted by 
metabolomics-like finger printing using gas-chromatogram mass spectrometry (Tachibana et al. 2019), and by 
deep neural networks (DNN) architecture (Tachibana et al. 2021) can apply to culture medium profiling. In the 
study, it was analyzed as a typical microbial cultivation that various brands of yeast extract were influenced 
to Escherichia coli growth and green fluorescent protein (GFP), a model of foreign protein production. According 
to our procedure, the bacterial growth and protein production was accurately estimated from the initial medium 
components profiles measured by GC-MS. Furthermore, significant components were estimated by a permutation 
algorithm using DNN model. The results indicated that the initial medium components can sufficiently explain 
the cultivation results including growth and protein production. As well, bioethanol production can be explained 
by the composition of toxic materials in lignocellulosic hydrolysates (Watanabe et al. 2019; Konishi 2020). 
To design optimal culture medium for engineered E. coli producing GFP, L81 Latin square design with 3 levels 
was applied to minimal medium M9 with supplemental components including amino acids and vitamins. To 
compare suitable machine learning algorithms for estimating GFP production, 12 algorithms, linear regression 
(LR), Ridge regression (Ridge), Lasso regression (Lasso), support vector machine (SVM), partial least square 
regression (PLS), decision tree regression (dtree), random forest regression (RFR), neural networks (NN), deep 
neural networks (DNN), Gradient tree boosting regression (gbr), K neighbor regression (kbr), and voting 
regression (vtr) were applied. According to evaluate the algorithms by cross validation (supervised: 85% and 
validation: 15%), although mean square errors between measured and estimated values of test data (MSEtest) were 
approximately 1.0-1.5 in case of LR, Ridge, Lasso, SVM, and PLS, those of dtree, RFR, gbr, NN, and DNN were 
in range below 0.06. On the other hand, considering interaction terms of independent variables, the data accurately 
fit to the all tested algorithms. The MSEtest were in range between 0.03 and 0.07. The results meant that interaction 
among medium components were strongly influenced to GFP production. Gaussian process optimization using 
trained DNN model as objective function were applied to exploring the optimal medium composition for GFP 
production. Based on the experimental confirmation, the improved composition increased GFP fluorescence to 
117% against the best in the original experimental dataset in fact. 
The machine-learning-associated optimization of culture medium can provide high-throughput explore of the 
optimal medium compositions for not only microbial culture but also mammalian culture in theoretically. 
Furthermore, the idea will contribute to promote digital transformation for wide range of bioproductions. This 
research was partly supported by New Energy and Industrial Technology Development Organization (NEDO) 
project of Ministry of Economy, Trade and Industry (METI), Japan.                        
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Machine learning application for chemical processes has increased rapidly to improve productivity by predicting 
the key process variables. However, it is difficult to predict them precisely due to the complexity, uncertainty, and 
nonlinearity of the chemical process. This work suggests a framework to develop accurate machine learning-based 
predictive models to enhance the efficiency of chemical processes. The proposed models are composed of 
temperature prediction of a distillation column and viscosity prediction of lubricants. A profitable framework is 
suggested for developing a predictive model by validating with actual commercial data. The framework has 
detailed sequences and methods for developing the models of representatives of the chemical process. 
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In recent years, RNA therapeutics have received tremendous attention as a tool to regulate gene expression in 
patients. These approaches include the regulation of abnormal gene expression by short interfering RNA (siRNA) 
and messenger RNA (mRNA). There have been two US FDA approved siRNA therapeutics (Patisiran and 
Givosiran) for rare disease treatments. These drugs target the selective degradation of mRNA to reduce the 
expression of disease associated proteins in polyneuropathy and acute hepatic porphyria. In addition, synthetic 
mRNA can produce insufficient proteins (e.g. Factor IX, VEGF) in patients to treat various diseases such as 
hemophilia A and ischemic heart disease. To fully realize the potential of RNA therapeutics, an efficient in vivo 
delivery system is of the utmost importance. Ionizable lipid nanoparticles (LNPs) have been widely utilized for 
the systemic delivery of RNA therapeutics. LNPs are mainly composed of ionizable lipid or lipid like materials 
with helper lipid, cholesterol, and polyethylene glycol (PEG)-lipid. Although LNPs are particularly advantageous 
for in vivo delivery, systemic delivery of RNA therapeutics other than liver hepatocytes remains highly 
challenging. Ionizable lipid nanoparticles (LNPs) have been widely utilized for in vivo delivery of RNA 
therapeutics into the liver. However, a main challenge remains to develop LNP formulations for selective delivery 
of RNA into certain types of liver cells, such as hepatocytes and liver sinusoidal endothelial cells (LSECs). Here 
we report the engineered LNPs for the targeted delivery of RNA into hepatocytes and LSECs. The effects of 
particle size and polyethylene glycol (PEG)-lipid content in the LNPs were evaluated for the hepatocyte-specific 
delivery of mRNA by ApoE mediated cellular uptake through LDL receptors. Targeted delivery of RNA to LSECs 
was further investigated using active ligands. Incorporation of mannose allowed the selective delivery of RNA to 
LSECs, while minimizing the unwanted cellular uptake by hepatocytes. These results demonstrate that engineered 
LNPs have great potential for the cell type specific delivery of RNA into the liver and other tissues. 
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MicroRNAs (miRNAs) are a class of small RNAs that regulate nearly all biological processes through gene 
silencing. In this context, miRNAs direct RNA-silencing complex (RISC) to mRNAs with complementary 
sequences in their 3′ UTRs. Herein, we describe a nucleic acid-based nanomaterial (miRNA-trigger) that actively 
recruits a miRNA to downregulate an mRNA without complementary sequences. Our miRNA-trigger consists of 
two miRNA-binding sites in tandem, followed by a target-binding region. Introducing miRNA-triggers results in 
cell-specific downregulation of both a fluorescent transgene and endogenously expressed genes. We apply the 
miRNA-trigger to induce apoptosis only in cells that express a specific group of miRNAs by directing them to 
suppress the BCL-2 family genes, both in vitro and in vivo. By directing oncomiRs to repress inhibitors of 
apoptosis proteins, our miRNA-trigger can provide a key foundation for developing self-modulating RNA 
therapy. 
 
Keywords : Nanotechnology, microRNAs, gene regulation, biotechnology 
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 S513   RNA Therapy: Current Status and Future Potential 

 
Young-Kook KIM 
Chonnam National University Medical School, Hwasun, Korea 
Corresponding Author Email : ykk@jnu.ac.kr 
 
Recent studies identified diverse RNAs including noncoding RNAs and their various action mechanisms in the 
cells. These RNAs regulate a variety of cellular pathways and are therefore expected to be important targets for 
the treatment of human diseases. Along with their extensive functional studies, RNA-based therapeutic techniques 
have developed considerably in recent years. After years of research and various trial and error, antisense RNAs 
and small interfering RNAs-based drugs have been developed and are now being used in the clinic. In addition, 
active research is ongoing to develop drugs based on RNA aptamer and messenger RNA. Along with the 
development of these RNA-based drugs, diverse strategies have been developed to transport RNA drugs into the 
cells efficiently. Especially, the recent epidemic of coronavirus disease and the successful development of RNA 
vaccine greatly increased the interest in RNA-based drugs. RNA therapy has many advantages over existing small 
molecule or monoclonal antibody-based therapies, including its potential to target all genes in the cells. In this 
presentation, I will introduce the basic concepts of RNA therapy, the working mechanism of RNA-based drugs 
on the market or clinical trials, and the potential of RNA therapy will be discussed. 
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 S514   Amphiphilic Polyaspartamide Derivative for mRNA Delivery and their Application for CRISPR-
Cas Technology 

 
Hyun Jin KIM1, Satomi OGURA2, Kanjiro MIYATA2 
1Department of Biological Engineering, Inha University, 100 Inha-ro, Michuhol-gu, Incheon, Korea, 2Graduate 
School of Engineering, The University of Tokyo, Bunkyo-ku Tokyo, Japan 
Corresponding Author Email : kimhyunjin@inha.ac.kr 
 
Transient and high Cas9 protein expression from messenger RNA (mRNA) is essential for achieving genome 
engineering or gene editing therapy. To this end, we have developed an amphiphilic polyaspartamide modified 
with diethylenetriamine (DET) and 2-cyclohexylethyl (CHE) moieties (PAsp(DET/CHE)) [H. J. Kim et al, ACS 
Cent. Sci. 1866-1875, 2019]. DET moiety provides high endosomal escape ability and CHE moiety optimizes 
polymer hydrophobicity between mRNA nanoparticle stability in the extracellular condition and mRNA release 
in the cytoplasm. PAsp(DET/CHE) was synthesized via two-step process. The precursor polymer poly(β-benzyl-
L-aspartate) (PBLA) were synthesized with ring opening polymerization between n-butylamine and β-benzyl-L-
aspartate N-carboxy-anhydride (BLA-NCA) to have degree of polymerization (DP) of 26. PAsp(DET/CHE) was 
synthesized by co-aminolysis of DET and CHE into PBLA to contain 15 DET and 11 CHE moieties. 
PAsp(DET/CHE) produced 150 nm-sized nanoparticles with Cas9 mRNA via simple mixing within 30 min. 
Interestingly, the translation efficacy was not affected by DP of PAsp(DET/CHE) from 26 to 121 but by the 
amounts of CHE moieties in the single polymer. The PAsp(DET/CHE) with less than 8 CHE introduction ratio 
did not enhance translation efficacy at all. The PAsp(DET/CHE) polyplex achieved higher S. pyogenes Cas9 
(SpCas9) nuclease activity in a luciferase-based homology-directed repair (HDR) assay in cultured cancer cells, 
compared with the other control polyplexes as well as a commercial transfection reagent control. Ultimately, the 
PAsp(DET/CHE) nanoparticles locally injected into Ai9 mouse muscle to investigate gene editing efficacy in 
vivo. The nanoparticles (3 mg Cas9 mRNA and 3 mg sgRNA) successfully induced gene editing effects in the 
large area of muscle at 3 day post-administration. These results demonstrate the strong potential of 
PAsp(DET/CHE) for in vitro and in vivo Cas9 mRNA delivery. 
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 S521   Sustainable biological production and upcycling of plastics using metabolic and enzyme 
engineering approaches 

 
Dong Hyun KIM1, Jae Kyun KIM1, Dong Oh HAN1, Hee Taek KIM2, Yong-Su JIN3, Kyoung Heon KIM1 
1College of Life Science and Biotechnology, Korea University, Seoul 02841, Korea, 2Department of Food Science 
and Technology, Chungnam National University, Daejeon 34134, Korea, 3Carl R. Woese Institute for Genomic 
Biology, University of Illinois at Urbana-Champaign, Urbana, Illinois 61801, USA 
Corresponding Author Email : khekim@korea.ac.kr 
 
The utilization of renewable biomass replacing fossil fuels for producing fuels and chemicals is receiving much 
attention due to the global climate change. Among renewable biomass, marine algae are gaining importance as 
third generation biomass owing to their many advantages. In red macroalgal carbohydrates, 3,6-anhydro-L-
galactose (AHG) is the main sugar composing agarose along with D-galactose. However, AHG itself is chemically 
unstable. Herein, we biologically upgraded AHG to a new platform chemical, 3,6-anhydro-L-galactitol (AHGol), 
an anhydrohexitol. AHGol was then converted to an intermediate chemical for plastics, isosorbide. Meanwhile, 
poly(ethylene terephthalate) (PET) has been widely used in various industries due to its unique physical properties. 
However, PET causes major environmental problems globally due to its low degradability and recycling rate. 
Herein, for a paradigm shift toward the approach for resource recovery of PET components, we developed an 
integrated process for depolymerizing PET and converting PET monomers to high-value products in a one-pot 
process. The key of our approach is the use of the biocompatible catalyst betaine in a glycolysis process that 
enables whole PET glycolysis slurry as a substrate to be directly applied to further bioprocesses. Through the 
glycolysis of PET with betaine and the optimized enzymatic hydrolytic process for the PET glycolysis slurry, PET 
was depolymerized to terephthalate (TPA, 31.0 g/L, 62.8%, mol/mol) and ethylene glycol (EG, 11.7 g/L, 63.3%, 
mol/mol) at high titers and high yields. This process was further applied to the bioconversion of TPA and EG 
present in the PET hydrolysate to protocatechuic acid (PCA) and other aromatic precursors and glycolic acid 
(GLA), respectively. 
 
Keywords : poly(ethylene terephthalate), 3,6-anhydro-L-galactose, plastic depolymerization, plastic recycling, 
valorization 
 
References 
1. Dong Hyun Kim, Dong Oh Han (co-first author), Kyu In Shim, Jae Kyun Kim; Jeffrey G. Pelton, Mi-Hee 

Ryu, Jeong Chan Joo, Jeong Woo Han, Hee Taek Kim, Kyoung Heon Kim, One-pot chemo-bioprocess of 
PET depolymerization and recycling, enabled by a biocompatible catalyst, betaine. ACS Catalysis 
11(7):3996-4008 (2021). 

2. Dong Hyun Kim, Jing-Jing Liu, Jae Won Lee, Jeffrey G. Pelton, Eun Ju Yun, Sora Yu, Yong-Su Jin, Kyoung 
Heon Kim, Biological upgrading of 3,6-anhydro-L-galactose from agarose to a new platform chemical. Green 
Chemistry 22(5):1776-1785 (2020).  

3. Hee Taek Kim, Jae Kyun Kim (co-first author), Hyun Gil Cha (co-first author), Myung Jong Kang, Hyun 
Sook Lee, Tae Uk Khang, Eun Ju Yun, Dae-Hee Lee, Bong Keun Song, Si Jae Park, Jeong Chan Joo, Kyoung 
Heon Kim, Biological valorization of poly(ethylene terephthalate) monomers for upcycling waste PET. ACS 
Sustainable Chemistry & Engineering 7(24)19396-19406 (2019).  

 
  

70



Convergence of Biotechnologies in the 4th Industrial Revolution Era2021 한국생물공학회 추계학술발표대회 및 국제심포지엄
2021 KSBB Fall Meeting and International Symposium

 S522   Enzyme engineering and Cell factories for the production of microbial colorants in Eshcerichia 
coli  

 
Kwon-Young CHOI 
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Corresponding Author Email : kychoi@ajou.ac.kr 
 
Recently, colorants produced by microbial have attracted great intentions along with the developments in 
biotechnology and growing concerns about environmental pollution. Especially, microbial colorants could be a 
sustainable alternative for fossil fuel-based colorants. For example, indigo is one of the oldest known dyes and is 
a major component of dyes used for coloring jeans their classical blue hue. Traditionally, indigo was extracted 
from indigo-producing plants, but synthetic indigo has been in use since the development of efficient chemical 
syntheses, and presently, various indigo isomers and derivatives can be readily synthesized by metabolically 
engineered microbial strains. Indigo can undergo an electron transfer accompanied by a distinct color change, due 
to a redox reaction made possible by its chemical structure and intramolecular organization. In addition, it exhibits 
excellent biocompatibility and biodegradability. Besides, several microbial dyes and pigments such as melanin, 
violacein, and deinoxanthine were reported and applied for various fields. Melanin, a representative bio-melanin, 
has interesting functionalities such as UV-protection, metal chelation, antioxidant activity, and electron storage 
capacities. Here, we provide an engineering strategy to produce microbial dyes and pigments in Escherichia coli 
strains, which utilized amino acid metabolic pathways. Also, enzymes involved in these microbial dyes and 
pigments were engineered to obtain desired production titers and productivities. Finally, several applications of 
microbial pigments in dyeing, UV-protective materials, PHA biodegradable polymers were introduced.  
 
Keywords : Microbial colorants, Indigo, Melanin, CYP102G4, Halogenase, Tyrosinase 
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 S523   Synthetic Biology Approaches to Engineer Orthogonal Translation Systems for the Site-specific 
Incorporation of Noncanonical Amino Acids 

 
Tae Hyeon YOO 
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Corresponding Author Email : taehyeonyoo@ajou.ac.kr 
 
The biological protein synthesis system has been engineered to incorporate noncanonical amino acids (ncAAs) 
into proteins, which has opened up routes for engineering proteins with novel compositions. While such 
techniques have been successfully applied in various fields, there remains a need to develop new approaches for 
their broader applications. In the first part of this presentation, I will describe two methods that we have developed 
for introducing ncAAs in a site-specific manner: 1) reassigning one of the Arg sense codons (AGG); 2) 
engineering an orthogonal initiator tRNA. Next, I will introduce an application of ncAA to generate site-specific 
conjugates of antibodies, which can be developed into biological therapeutics, such as antibody-drug conjugates. 
 
Keywords : noncanonical amino acid, orthogonal, translation, tRNA, antibody 
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 S524   Creation of (R)-beta transaminase not yet found in nature by directed evolution of D-amino acid 
aminotransferase 

 
Hyungdon YUN 
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Corresponding Author Email : hyungdon@konkuk.ac.kr 
 
Optically pure unnatural amino acids including beta- and gamma- amino acids are crucial active intermediates 
frequently used in the industrial synthesis of a range of chemicals and pharmaceuticals. Over time, numerous 
biocatalytic routes catalyzed by lipase, amidases, acylases, nitrilases, hydantoinases, ammonia lyases, aldolases, 
and amino acid dehydrogenase have been developed to access to chiral beta- and g- amino acids. Each enzyme 
catalyzed reaction has its advantages and limitations. The development of an efficient biocatalytic process for 
chiral unnatural amino acids remains a challenging task. The toolbox of transaminase (TA) is rapidly expanding, 
since they possess many benefits over other enzymes including broad substrate specificity, high enantioselectivity 
and no requirement for cofactor regeneration. beta-TA can reversibly transfer amino group from beta- and gamma-
amino acids as well as amines onto amine acceptor such as pyruvate. To the best of our knowledge naturally 
occurring (R)-beta-TAs reactive for various beta - and gamma-amino acids has not yet been discovered, despite 
many (S)-beta-TAs have been reported. Therefore, creating (R)-beta-TA with broad substrate specificity and high 
catalytic efficiency is desperately needed for the synthesis of chiral beta- and gamma- amino acids. we have 
successfully created an (R)- beta-TA, not yet found in nature through the hybridizing of DATA and (R)-ATA 
created from DATA, and subsequent ISM-based directed evolution of the hybrid. 
 
Keywords : biotransformation, transaminase, unnatural amino acids 
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 S525   Genome Design Principles Derived from In Silico Modeling and Evolutionary Reprogramming 
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Rational engineering of microbial cells related to health, food, and chemical industry is growing. However, it 
remains many challenges, which are associated with the complex regulatory networks underlying the metabolism 
and evolutionary adaptation of microbial cells. In order to tackle these challenges and enable effective engineering 
of microbial cell factories, we have adopted the Design-Build-Test-Learn paradigm, largely facilitated by the 
methods development within synthetic biology. Here, we show two examples; (1) engineering of Bacteriodes 
thetaiotaomicron for heterologous production of non-native butyrate at therapeutically relevant concentrations in 
the human gut using its expanded genome-scale metabolic model (GEM), and (2) evolutionary and metabolic 
engineering in tandem to construct an Escherichia coli strain with improved GABA production using glycerol as 
the feedstock carbon. The study highlights that B. thetaiotaomicron can serve as an effective strain for live 
microbial therapeutics in human and the microbial conversion of glycerol into value-added commodity products 
is an attractive means to meet the demands of biosustainability. 
 
Keywords : Synthetic Biology, Genome-scale Metabolic Model (GEM), Adaptive Laboratory Evolution 
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 S526   Discovery of new biocatalyst for plastic biodegradation and future directions 

 
Soo-Jin YEOM 
School of Biological Sciences and Technology, Chonnam National University 
Corresponding Author Email : soojin258@jnu.ac.kr 
 
Plastic contamination currently threatens a wide variety of ecosystems and presents damaging repercussions and 
negative consequences for many wildlife species. Sustainable plastic waste management is an important approach 
to environmental protection and a necessity in the current life cycle of plastics in nature. In this regard, plastic 
biodegradation by microorganism is most notable. This presentation includes current plastic pollution trends, 
screening of plastic biodegradable new bacteria and the research hypothesis is that our common area is already 
surrounded with a bunch of plastics, so it could be possible to screen plastic-degrading bacteria, although a trash-
contaminated uncommon environment might have many plastic-degrading bacteria. In addition, we provide 
proposal to use hypothetical P450 enzymes as potent trigger biocatalysts to biodegrade polyethylene (PE) via in-
chain hydroxylation into smaller products of linear aliphatic alcohols and alkanoic acids based on cascade 
enzymatic reactions. Furthermore, we propose adopting P450 into plastic-eating synthetic bacteria for PE 
biodegradation. This strategy can be applicable to other dense plastics, such as polypropylene and polystyrene. 
 
Keywords : Plastic, Biodegradation, Biocatalyst 
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 S527   Stepwise engineering of biosynthetic gene cluster for titer improvement of clinically important 
antibiotic daptomycin in Streptomyces roseosporus 

 
Chang-Hun JI, Hiyoung KIM, Hyun-Woo JE, Hahk-Soo KANG 
Department of Biomedical Science and Engineering, Konkuk University, Seoul, Korea 
Corresponding Author Email : hkang@konkuk.ac.kr 
 
Titer improvements of secondary metabolites using synthetic biology approach has been technically challenging 
if BGCs (biosynthetic gene clusters) contain large-size genes of multi-modular enzymes such as NRPS (non-
ribosomal peptide synthetase) and PKS (polyketide synthase) due to the difficulty of gene synthesis. In such a 
case, top-down approach provides a viable alternative in which BGCs could be rationally engineered with the 
minimum input of synthetic DNAs. We successfully implemented this strategy for titer improvements of clinically 
important antibiotic daptomycin through stepwise transcriptional optimization of genes in its BGC, resulting in 
up to 1950% improvement in total lipopeptide titers compared to the wild-type strain. Upon decanoic acid feeding, 
daptomycin accounted for nearly half of total lipopeptide production. To the best of our knowledge, this is the 
highest improvement of daptomycin titer ever achieved through genetic engineering of S. roseosporus. The 
approach we describe here could be used as a general platform for the development of high titer industrial strains 
of secondary metabolites produced by BGCs containing large genes of multi-modular enzymes. 
 
Keywords : Synthetic Biology, Daptomycin, Titer improvement, Promoter engineering, Biosynthetic gene clusters 
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 S528   Biomimetic Strategies of Artificial Enzyme Complexes to Produce Microbial Substrates for 
Synthetic Biology 

 
JeongEun HYEON 
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In the practice of converting biomass into valuable biomaterials, the critical step is the decomposition process to 
give fermentable monomeric sugars. Thus, the designed microbes based on enzyme complexes are a key 
biological technology for biorefinery. For utilizing of polysaccharides by simultaneous saccharification and 
fermentation, a recombinant scaffolding protein from Clostridium cellulovorans and chimeric hydrolysis enzymes 
were assembled as complex system. The utilization of scaffolds for enzyme immobilization involves advanced 
bionanotechnology applications in biorefinery fields, which can be achieved by optimizing the function of various 
enzymes. The assembly of minicellulosomes by Saccharomyces cerevisiae and Corynebacterium 
glutamicum increased the activity against various lignocellulosic materials by approximately 3-fold compared 
with control. In addition, red algae-degrading complexes increased the activity against the marine biomass 
substrate by approximately 2-fold. Final, Carbon monoxide (CO) was successfully converted by functional 
complexes containing carbon monoxide dehydrogenase and carbon monoxide sensing heme protein with enhanced 
CO binding affinity. An enzyme complex was anchored on the cell surface of CO2-utilizing Ralstonia eutropha and 
successfully showed 3.3-fold increased conversion efficiency. Intelligent application of various scaffolds to 
couple with nanoscale engineering tools and metabolic engineering technology may offer particular benefits. The 
development of multi-functional protein complexes for use as tools in whole-cell biocatalyst systems has drawn 
considerable attention as an attractive strategy for bioprocess applications. 
 
Keywords : Designer Enzyme Complex, Biomass, Biorefinery, Cellulosome, C1 gas 
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 S5301   Council for Materials, Components and Equipments I 
 
Gyun-min Lee 
1F, #C, Korea BIO Park, 700, Daewangpangyo-ro, Bundang-gu, Seongnam, Korea 
 
Bioindustry Alliance and Cooperation Council for Materials, Components and Equipments (hereinafter referred 
to as the Council) was established in 2020 to support the development of whole cycle of biopharmaceutical 
industry. and The Council has been contributed twenty two’s national R&D projects from 2020 with the support 
of South Korean Ministry of Trade, Korea Evaluation Institute of Industrial Technology. 
 
In this presentation, as a part of national R&D projects accomplishment, the Council would be presented the 
following six items of accomplishment.  
 
1. Cell-specific serum-free media applied to CHO∙therapeutic cells 
2. Cell media supplement for increase productivity  

(Cytokine, Small Molecules & Peptides, Sialyl Oligosaccharide) 
3. Cell cryopreservation medium (Animal Ingredients, DMSO free) 
4. Technology of Milling, Mixing and Formulation for powder media 
5. Multilayer film for disposable bag apply to biopharmaceutical process 
6. Single use container bag and Assembly for biopharmaceutical process 
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 S5308   Accomplishment presentation of Bioindustry Alliance and Cooperation Council for Materials, 
Components and Equipments Ⅱ 

 
Dong-il Kim 
1F, #C, Korea BIO Park, 700, Daewangpangyo-ro, Bundang-gu, Seongnam, Korea 
 
Bioindustry Alliance and Cooperation Council for Materials, Components and Equipments (hereinafter referred 
to as the Council) was established in 2020 to support the development of whole cycle of biopharmaceutical 
industry. and The Council has been contributed twenty two’s national R&D projects from 2020 with the support 
of South Korean Ministry of Trade, Korea Evaluation Institute of Industrial Technology. 
 
In this presentation, as a part of national R&D projects accomplishment, the Council would be presented the 
following six items of accomplishment. 
 
1. Low concentration certification vial for TOC testing and sampling 
2. Sodium hydroxide (NaOH) purification technology for Biopharmaceutical process 
3. Isopropyl alcohol (IPA) purification technology for Biopharmaceutical process 
4. Formalin purification technology for Biopharmaceutical process 
5. Probe type pH, DO sensor and monitoring technology for biopharmaceutical process 
6. Non-invasive sensor and Real-time monitoring system in cell concentration for biopharmaceutical process 
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 S541   Production and Industrial Application of Bacterial Cellulose 
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Corresponding Author Email : parkjk@knu.ac.kr 
 
미생물셀룰로오스는 식물셀룰로오스(plant cellulose)와 달리 리그닌, 헤미셀룰로오스 등의 물질이 섞여 

있지 않은 순수한 셀룰로오스로만 구성된 직경 50 나노메타 파이버의 매트릭스 형태로 존재한다. 나

노구조의 특성으로 인하여 함수율이 면화 솜의 100 배 이상이 되며 수분 방출 속도가 매우 느린 장점

이 있다. 미생물셀룰로오스는 식품, 마스크팩 화장품, 화상치료 생의약품, 옷감 등으로 사용 되고 있다

. 미생물셀룰로오스는 대사회로 및 발효 조작 조건등을 개선하여 생산성을 높일 수 있으며, 복합체를 

이룸으로서 항균성, 전도성, 투명성 등의 기능을 부여할 수있다. 미생물셀룰로오스의 생산성 향상, 기

능성 부과, 산업적 응용을 위하여 20 여년간 축적된 연구 경험과 생물공학 교육 및 한국연구재단 공학

단장으로 근무하여 쌓은 연구관리 경험을 발표하고자 한다. 

 
Keywords : Bacterial Cellulose, Cost-effective production, Nano-composite, Scaffold 
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 S542   Microfluidic Sperm Selection and Analysis 
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Selection of high quality sperm from raw semen sample is of great importance to improve the success rate of in 
vitro fertilization. Currently available clinical methods select sperm based on the gamete's ability to swim in an 
unbounded, free media. However, considering the high viscosity of body fluids in the fallopian tube, selection of 
sperm requires a more strict criteria. In this work, we show microfluidic selection of sperm by guiding the cells 
through a 2 μm tall confined channel. In the confined channel, sperm are required to exhibit planar swimming 
mode which is promoted in the high viscous environment in the female reproductive tract. Therefore, only those 
sperms capable of exhibiting planar swimming mode are selected from the pool. Analysis of the sperms' DNA 
reveals that the selected subpopulation is indeed of higher quality compared to the raw population and even to the 
subpopulation selected by standard clinical methods. 
In the second part of the presentation a method of analyzing the motility and the DNA quality of individual live 
sperm cells is demonstrated. Using a bilayered micropillar array, more than 400 individual live sperm cells are 
captured, and the tail beating and DNA quality of the live captured cells are analyzed for the first time. The 
information on single sperm cells may be used as dataset for training machine learning algorithms for the selection 
of the ultimately sperm cell that would be beneficial for intrauterine sperm injection (ICSI) procedures widely 
used in the clinics. In addition, the microfluidic platform demonstrated here can be equally applicable to other 
types of motile cells such as bacteria to study cell-to-cell heterogeneity. 
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 S543   Acoustophoretic Microfluidics for Efficient Separation and Stringent Washing 
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An acoustophoresis provides simultaneous washing and separation in a continuous flow mode. Since 
acoustophoresis offers an efficient continuous flow based separation with reasonable throughput, acoustophoresis 
in microfluidic systems has been studied for various types of samples including blood, raw milk and circulating 
tumor cells1. 
 
In this presentation, two applications of the acoustophoretic migration is discussed. The first application is 
screening of aptamer against PSA (Prostate-Specific Antigen)2 and the other is separation and enrichment of 
microalgae, Euglena gracilis3. 
 
Due to the characteristics of acoustophoretic channel we designed with sheath flow, the particles are firstly 
laminated to the side of the channel by a central sheath flow of clean buffer and then merged into clean buffer due 
to the acoustic radiation force, based on their acoustophoretic mobility. Because the migration of particles is 
strongly governed by the size, small particles and molecular species are moderately or not at all influenced by the 
acoustic standing wave force. This migration of the micro particles is used as stringent washing for screening of 
aptamers or high efficient separation of the micro algae from a various contaminants.  
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 S544   Engineering molecular translation systems 
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From a chemical engineer’s perspective, biology is technology. As an example, biology produces materials that 
no other human-made technology and chemistry can, and operates numerous complex chemical/enzymatic 
reactions across a wide variety of lengths of scales from the single-molecule to the macro-scale level. Thus, 
scientists have engineered living organisms to harness the advanced technologies that are embedded in biology 
and manufacture next-generation commodities on demand. However, engineering living organisms to produce 
high-value molecules remains costly and slow, and new tools are needed to understand and expand the powerful 
capabilities of biotechnology. In this presentation, I will discuss my strategy to address this issue and broaden the 
scope of biological material-catalyzed transformations. 
 
In the first portion of my talk, I will describe our recent efforts to expand the genetic code using ribozymes for 
the synthesis of bio-based products that extend beyond natural limits. In the second part, I will explain my 
investigation into engineering the translational apparatus that has been evolutionarily optimized to accept natural 
amino acid building blocks. Overall, the goal of my work is to deepen fundamental understanding of the origin of 
life and enable new classes of functional materials such as precision polymers, therapeutics, and biosensors. 
 
Keywords : synthetic biology, translation machinery, sequence-defined polymers 
 
  

85



Convergence of Biotechnologies in the 4th Industrial Revolution Era2021 한국생물공학회 추계학술발표대회 및 국제심포지엄
2021 KSBB Fall Meeting and International Symposium

 S545   Magnetophoretic assay system based on the microfluidics for point-of-care diagnostics 

 
Young Ki HAHN 
Biomedical Convergence Science & Technology, Kyungpook National University, Daegu, Korea 
Corresponding Author Email : hahnv@knu.ac.kr 
 
In this talk, I will present magnetophoretic assay system based on the microfluidics for better sensitivity and 
resolution with capability of multiplexing analysis. This talk consists of two individual assay platform; (1) 
Isomagnetophoresis system for the diagnosis of breast cancer, (2) Encoded microparticles-based multiplexed 
assay system for pathogens detection. First, I will introduce the isomagnetophoresis immunoassay platform. 
Isomagnetophoresis is a technique that discriminates subtle differences in magnetic susceptibility by using a 
magnetic susceptibility gradient in a microfluidic channel. The magnetic force a particle receives by an external 
magnetic field depends on the difference in magnetic susceptibility between the particle and the surrounding 
environment if the other conditions are the same. Therefore, if the magnetic susceptibility gradient is formed in 
the microchannel, the particles will move according to the magnetic susceptibility difference and stop at the 
position where the magnetic susceptibility difference becomes zero. Using this principle, particles with similar 
magnetic susceptibility that could not be distinguished in traditional magnetophoresis can be separated by 
isomagnetophoresis. I have developed immunoassay platform that simultaneously discriminates subtle 
concentration differences of three types of breast cancer biomarkers such as Estrogen receptor, Progesterone 
receptor and Human epidermal growth factor receptor 2, and improves the sensitivity by applying 
isomagnetophoresis. Second, I will talk about the multiplexed assay platform for pathogens detection using 
encoded microparticles. This platform utilizes microparticles encoded by axes of aligned superparamagnetic 
nanoparticles (SMNPs) to concurrently detect various pathogens. The encoded microparticles, which were 
fabricated using photocurable polymer (Poly-ethylene glycol) diacrylate) and SMNPs, were arranged according 
to the respective direction of the external magnetic field. By measuring their respective tilted angles, the 
microparticles can be decoded and used for multiplexed assays. To verify this multiplexing capability, I 
simultaneously assayed four types of pathogens: Bacillus subtillis, Salmonella typhimurium, Staphylococcus 
aureus and Escherichia coli O157:H7. The microparticles, conjugated with corresponding capture antibodies, 
were used, and the concentrations of target pathogens were analyzed with a single color fluorescent label. The 
total assay time was as short as 35 min with 200 μl of sample volume and the achieved limit of detections 
(measured signal-to-noise ratio > 3) were as low as 10 CFU ml−1 for Bacillus subtillis, Salmonella typhi-
murium, Staphylococcus aureus and 100 CFU ml−1 for Escherichia coli O157:H7, respectively. This sensing 
method represents a promising tool for preventing various diseases by rapid detection of multiple pathogens. 
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 S561   A Glycosylated-Metabolite β-Gentiobiosylpaeoniflorin of Paeonia Lactiflora bioconverted 
by Leuconostoc sp. Alleviates Metabolic Syndrome in High Fat Diet-fed Mice 
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Metabolic syndrome is a chronic disease caused by an imbalance of diet and environment, and exhibits various 
symptoms such as obesity, diabetes, and cardiovascular disease. This study investigated the anti-metabolic 
syndrome effect of β-gentiobiosylpaeoniflorin(βGPF) produced by fermenting the hot water extract of Paeonia 
lactiflora, which is known to be effective for metabolic diseases, with a Leuconostoc citreum LN180020 isolated 
from kimchi. It was proved that the metabolite increased after fermentation was βGPF in the form of glucosylation 
to paeoniflorin of P. lactiflora by HPLC / MS and NMR spectrum analysis of fermented extract. Pretreatment of 
the fermented extract on L6 myoblast cells confirmed the antidiabetic effect of increasing the glucose uptake into 
the L6 cells by up to 45.9%. 70 C57BL/6 were fed high-fat diet along with a βGPF purified from fermented 
extracts for 6 weeks. It induced significant alleviation of indicators of obesity and diabetes such as weight gain, 
plasma glucose, HbA1c, and insulin resistance, and cardiovascular disease indicators measured by plasma. In 
addition, microbiome analysis of feces showed that the diversity of the βGPF group and metformin group was 
similar, and the Akkermansia sp. was increased in the βGPF group. As a result, the effect of fermented P. 
lactiflora with Leu. citreum in alleviating metabolic disease was proven to be the efficacy of βGPF converted 
from paeoniflorin, suggesting the possibility that the extract could be a novel drug or dietary supplements for 
metabolic diseases. 
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 S562    Enhancement of high value-added products from microalgal biomass 
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While marine life adapts to new environments and produces a variety of materials, of which more than 50,000 
microalgae are known, only 30,000 species are highly studied. Currently, production of biofuels using microalgae 
has a considerable potential, but there are limitations due to economic problems. Accordingly, it is focused on 
making full use of microalgae biosynthetic materials in order to make biofuel production utilizing microalgae and 
production of high value-added materials commercially feasible. This study is aimed to enhance productivity of 
diverse promising products from microalgae. The study consists of three parts, depending on the high value added 
of microalgae. The first part presents a new stress-based method to rapidly induce triacylglycerol (TAG) and total 
fatty acid accumulation in Chlorella Effective control of lipid metabolism in microalgae is an important issue in 
the commercialization of microalgae. The second part is an effective production study of astaxanthin 
using Haematococcus. We aimed to demonstrate the possibility of microalgae application of C-paints for the 
purpose of cell growth of Haematococcus, and accumulation of astaxanthin using biocompatible liquid type 
fluorescent carbon dots (C-paints) during cultivation. The third part was aimed at the efficient extraction of 
astaxanthin from Haematococcus. as room-temperature green solvents, 10 types of 1-ethyl-3-methylimidazolium 
([Emim])-based ionic liquids (ILs) were compared and evaluated for their abilities to disrupt H. pluvialis cyst cells 
for astaxanthin/lipid extraction. As mentioned above, various results obtained in this study can be utilized as useful 
data showing the possibility of potential use of the microalgae and the target material to maximize the commercial 
application possibility, and commercialization should be achieved through continuous research. 
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 S563   Biosuccinic Acid Production Technology for Bioplastic Economy 
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Bio-based production of industrial chemicals from renewable non-food biomass has become increasingly 
important as a sustainable substitute for conventional petroleum-based production processes relying on fossil 
resources. Among many chemicals that can be produced biologically, succinic acid (SA), a four-carbon 
dicarboxylic acid, is one of the most promising platform chemicals serving as a precursor for industrially important 
chemicals and as a monomer to manufacture various polymers. Recognizing its importance, we developed a 
bioprocess capable of producing SA at an industrial level. This was achieved by performing energy balance, 
byproduct pathways elimination, and flux re-routing of a rumen bacterial strain based on in silico genome-scale 
metabolic analyses. In addition, enzyme engineering, tolerance engineering, and process engineering were carried 
out to further enhance SA production performance. Our work on SA production was extended to bioplastic 
synthesis. As an example, fully bio-based nylon-4,4 and -5,4 were synthesized for the first time using SA, 1,4-
diaminobutane, and 1,5-diaminopentane as monomers, and were utilized as matting agents to reduce surface gloss 
of an engineering plastic. Finally, a nylon-degrading microorganism was utilized to biodegrade nylons opening 
the possibility of a circular plastic economy. Overall, the strategies described here will be useful for developing 
other bioplastics comprising various bio-based monomers. 
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 S564   A New Analytical Platform for Faster Protein Analysis 

 
Hae-Min PARK 
Department of Chemical Engineering and Applied Chemistry, Chungnam National University, Daejeon, Korea 
Corresponding Author Email : haemin.park@cnu.ac.kr 
 
Rapid and high-throughput measurement of protein products is of interest, especially in biopharmaceutical 
industry. Top-down mass spectrometry (TDMS) enables the direct analysis of intact proteins (i.e., proteoform) 
that can be modified at the genetic, transcriptional, or post-translational level. Here, we describe a new analytical 
platform, called SampleStream, which allows fast and high-throughput measurement of intact proteins coupling 
to TDMS. The SampleStream platform consists of a fluidic channel containing a molecular weight cutoff 
(MWCO) membrane to trap proteins while enabling fast buffer exchange. Trapped proteins can be eluted from 
the SampleStream device then directly measured by mass spectrometry. The platform operates with a high-
throughput of up to 15 sec per protein sample and offers similar sensitivity to liquid chromatography (LC) 
technologies as well as the reduced sample processing time. We also utilized SampleStream-MS for on-line 
reduction and digestion of protein products followed by direct MS detection of the resulted proteins. 
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 S565   Advanced Cryo-Electron Microscopy Technology: High Resolution Structure of Membrane 
Spanning Macromolecular Nanomachines 
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Some of the most essential and fundamental cellular functions are often carried out by dynamic multimolecular 
assemblies. Although our categorization of the number and assortment of protein interactions is increasing, we 
still lack knowledge about how collections of proteins are precisely assembled into macromolecular machines. 
Bacterial pathogens are a threat to global health and have evolved elaborate strategies to infect their hosts. Bacteria 
use specialized membrane spanning macromolecular machines, bacterial secretion systems, to transport virulence 
factors across bacterial and host membranes. Legionella pneumophila use a Type IV Secretion System (T4SS) to 
translocate as many as 300 effector proteins into human lung macrophages, resulting in the potentially fatal 
pneumonia Legionnaires’ disease. Helicobacter pylori and Bordetella pertussis also use T4SS to establish 
infections causing stomach cancer and whooping cough, respectively. 
In this study, we used cryo-electron microscopy (cryo-EM) as a structural approach for visualizing organization 
and function of dynamic molecular complexes. With the recent advances in cryo-EM, we have yielded a wealth 
of structural information about these complex macromolecular machines. Detailed structures of the machines used 
by bacteria to infect and hijack host cells will not only lead to mechanistic insights into pathogenesis, but also 
provide exciting possibilities for pharmacological intervention towards preventative therapies and/or treatment of 
human disease. 
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 S566   Physicochemical and Structural Characterization of Biopharmaceuticals 
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Biopharmaceuticals including antibodies and recombinant proteins have been extensively developed for treatment 
of many diseases. For ensure the safety and efficacy of the biopharmaceutical, in-depth physicochemical, 
structural, and biological analyses should be needed in the stages of development and production. Therefore, wide 
investigation with liquid chromatography (LC), capillary electrophoresis (CE) and mass spectrometry (MS) has 
gained attention for the characterization due to its sensitivity and precision. From the intact mass analysis to 
hydrogen-deuterium exchanges for epitope mapping, most of used techniques for the characterization will be 
presented to improve understanding and quality of biopharmaceuticals. 
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Healthy human bodies host hundreds of trillion microbes. More than 99% of these microbes colonize the gut. 
These gut microbes, also called gut microbiota, have huge impacts on the health and disease states of the hosts. 
An in vitro intestinal model system that enables co-culturing the gut microbes with human cells can be a valuable 
tool to elucidate their interaction. However, creating a model system that possesses a proper oxygen gradient to 
meet different oxygen demands of the gut microbes, primarily obligate anaerobic bacteria, and the human cells, 
has been challenging. Here, we show a simple in vitro human colon model system that creates the physiological 
oxygen gradient by utilizing the cellular oxygen consumption and modulating oxygen influx. The behaviors of 
the primary human colon epithelial cells in the oxygen gradient were compared to those cultured in the 
conventional aerobic condition. Multiple obligate anaerobic gut bacterial strains were successfully co-cultured in 
the model system. This novel and simple in vitro colon model system may be a valuable tool to study the 
interaction of gut bacteria and the host cells. 
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 S568   Renal NFκB essential modulator (NEMO) mediates ischemic acute kidney injury in mice 
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We determined that renal proximal tubular NFκB essential modulator (NEMO) has a crucial role in ischemic acute 
kidney injury (AKI) using mice lacking renal proximal tubular NEMO and by targeted proximal tubular NEMO 
inhibition with mesoscale nanoparticle encapsulated NEMO binding peptide (MNP NBP). Mice were subjected 
to sham surgery or 30 min renal ischemia and reperfusion (IR). Mice deficient in proximal tubular NEMO and 
mice treated with MNP NBP were protected against ischemic AKI with decreased renal tubular necrosis, apoptosis 
and inflammation compared to those control mice. Treatment of recombinant peptidylarginine deiminase type-4 
(rPAD4) aggravates ischemic AKI in WT mice but not in mice lacking renal proximal tubular NEMO. 
Furthermore, rPAD4 upregulated proinflammatory cytokine mRNA and NFκB activation in freshly isolated renal 
proximal tubules from WT mice but not from proximal tubule NEMO deficient mice. Taken together, our studies 
suggest that proximal tubular NEMO plays a critical role in ischemic AKI by promoting renal tubular 
inflammation, apoptosis as well as necrosis. 
 
Keywords : Ischemia reperfusion injury, Acute kidney injury, inflammation, cell death, NFkB pathway, 
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 S569   Functional Adhesives: from Medical to Eco-friendly Adhesives 
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Adhesive is any substance that is capable of holding two separate materials together in a functional manner by 
surface attachment. Since its early discovery by the Egyptians (3300 year ago), intensive research efforts have 
been made with the purpose of obtaining high performance or biocompatible adhesives. Natural materials such as 
tree pitches and beeswax were replaced by synthetic polymers that had a high degree of structural strength and 
resistance to severe environmental conditions; nowadays, the focus is being mostly on eco-friendly adhesives. 
Here, different types of adhesive are introduced from biomimetic adhesives for medical applications to eco-
friendly adhesives. Depending on the types of adherend and the required mechanical behavior of the bonded 
structure, adhesive materials will be determined. The protein-based tissue adhesive derived from marine mussel 
is suitable for bonding wet tissues under highly dynamic environments of the human body because of its 
biocompatibility and water-immiscible property. On the other hand, pressure sensitive adhesive (PSA) film made 
of polyolefins with very low water permeability can be a good candidate for a sealing material protecting OLED 
from humidity. Lastly, a fully bio-derived adhesive is a greener alternative to the intensively used synthetic 
polymer-based adhesives which have concerning environmental issues related to the growing use of petroleum-
based materials. 
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 S570   A therapeutic 3D device for enhancing stem cell derived β cell viability and function 
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Islet transplantation for type 1 diabetes has been limited by islet donor shortage and the requirement for lifelong 
immunosuppression. Both of these barriers have spurred interest in 3D encapsulation devices, which could allow 
for immunoprotected transplantation of insulin-producing cells from a variety of readily available sources. While 
promising, conventional devices rely on passive diffusion to support encapsulated cells, constraining these devices 
to 2D wafer-like geometries to maintain cells within the diffusion distance of the capsule membrane. Furthermore, 
passive diffusion limits the transport of oxygen, glucose and nutrients, also limits the transportation of insulin out 
of the encapsulated cells, thus hindering clinical translation. Here, we hypothesized convective nutrient transport 
to encapsulated cells would promote viability and rapid glucose equilibration to stimulate more physiological 
insulin secretion and delivery to the patient. In this study, we demonstrated that improving nutrient transport 
throughout the device via convective mass transport can encapsulate seven-fold more cells than wafer-like devices 
by affording a 3D capsule geometry in vitro. Finally, Transplantation of a 3D device containing stem cell derived 
β cells into immunocompetent hyperglycemic rats demonstrated a rapid, vascular-independent glucose-stimulated 
insulin response resulting in early amelioration of hyperglycemia, improved glucose tolerance. 
 
Keywords : Stem cell derived β cells, viability, differentiation, encapsulation 
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 S571   Development of stem cell exosome therapeutics from bench to bedside 

 
Yong Woo CHO 
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Corresponding Author Email : ywcho7@hanyang.ac.kr 
 
Loss or damage of tissues that result from traumatic injury and tumor resection need reconstructive approaches, 
such as cell/tissue transplantation or tissue engineering. Although stem cell-based therapies have clear beneficial 
effects on tissue regeneration, there are still a number of concerns, such as limited survival and the reduced 
regenerative capacity of engrafted stem cells, as well as immune-mediated rejection. Stem cells secrete exosomes 
containing various proteins and genetic materials, which could act as critical signals of cell-to-cell communication 
for tissue regeneration. Stem cell exosomes provide a cell-free therapeutic approach for regeneration of various 
tissues. Exosomes were isolated from conditioned media during proliferation or differentiation of human adipose 
derived stem cells (hASC) into adipogenesis, chondrogenesis, or osteogenesis. The tissue regeneration potency of 
exosomes was analyzed in different animal models. Exosomes contained various cytokines and microRNAs 
related to each tissue development. New tissue formations were observed in the exosome injection sites of animal 
models. Based on the results from our laboratory in Hanyang University ERICA, we founded ExoStemTech Inc. 
in 2016. ExoStemTech is now developing several exosome products for the treatment of various human diseases 
such as osteoarthritis, liver/lung fibrosis, osteoporosis, diabetes/obesity etc. We are about to enter clinical trials 
of some exosome products. In this presentation, we hope to discuss several important issues for entry to clinical 
trials of exosome therapy such as mass production, quality control, CMC documentation, pre-clinical experiments, 
etc. 
 
Keywords : Exosomes, Extracellular vesicles, Stem cells, Cell-free Therapy, Osteoarthritis 
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 S572   Brain-on-a-chip for disease modelling 

 
SEUNGWOO CHO 
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Modeling brain development and neuronal disorders remains a great challenge due to the complexity of the 
structures, physiology, and functions of human brain. Several in vitro models have been established for brain 
disease modelling and drug discovery. However, they are often limited in recapitulating complex 
cellular/extracellular interactions and physiological aspects. To overcome limitations of current models, we have 
developed a brain-on-a-chip technology with organoids and microfluidics. Human brain organoids generated with 
brain extracellular matrix and microfluidic device could successfully reconstitute structural and physiological 
features of neuroepithelium development and corticogenesis. We have also established neurovascular unit chip 
with functional blood-brain-barrier for infectious brain disease modelling. Our strategy using brain-on-a-chip with 
brain organoids and neurovascular units would be able to facilitate elucidation of brain disease mechanism and 
development of novel therapeutics. 
 
Keywords : Brain-on-a-chip, Organoids, Microfluidics, Disease modelling 
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 S573   Enzymatic crosslinking-based hydrogel nanofilm for immunoisolation 
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Pancreatic β cell therapy for type 1 diabetes is limited by low cell survival rate owing to physical stress and 
aggressive host immune response. In this study, we demonstrate a multilayer hydrogel nanofilm caging strategy 
capable of protecting cells from high shear stress and reducing immune response by interfering cell-cell 
interaction. Hydrogel nanofilm is fabricated by monophenol-modified glycol chitosan and hyaluronic acid that 
cross-link each other to form a nano-thin hydrogel film on the cell surface via tyrosinase-mediated reactions. 
Furthermore, hydrogel nanofilm formation was conducted on mouse β cell spheroids for the islet transplantation 
application. The cytoprotective effect against physical stress and the immune protective effect were evaluated. 
Last, caged mouse β cell spheroids were transplanted into the type 1 diabetes mouse model and successfully 
regulated its blood glucose level. Overall, our enzymatic cross-linking-based hydrogel nanofilm caging method 
will provide a new platform for clinical applications of cell-based therapies. 
 
Keywords : Cell caging, beta cells, immunoisolation, transplantation 
 
  

101



Convergence of Biotechnologies in the 4th Industrial Revolution Era2021 한국생물공학회 추계학술발표대회 및 국제심포지엄
2021 KSBB Fall Meeting and International Symposium

 S574   Extracellular Matrix-derived Printable Biomaterials for Engineering Physiomimetic Human 
Tissues 
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3D bioprinting is a pioneering technology to facilitate the recapitulation of unique features of complex human 
tissues and organs with high process flexibility and versatility. Bioinks, combinations of printable hydrogel and 
cells, can be utilized to create 3D cell-printed constructs. The bioactive cues of bioinks directly trigger cells to 
induce tissue morphogenesis and improve maturation process. Among the various printable hydrogels, the tissue- 
and organ-specific decellularized extracellular matrix (dECM) can exert synergistic effects in supporting various 
cells at any component by facilitating specific physiological properties. Recently, the controlling matrix stiffness 
has been demonstrated to have profound effect on regulating cancer cell behavior. In addition, the replicates 
created by printing cell-laden dECM hydrogels can provide the multi-drug high-throughput testing platform. 
Combined with mimicking pathophysiological reaction in the printed tissue models, printed organoids and human 
tissues could serve as an enabling platform for studying complex physiology in tissue and organ contexts of 
individuals. 
 
Keywords : Bioprinting, Biomaterials, Tissue Engineering 
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 S575   Research on theragnostic biomaterials for severe COVID-19 
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The outbreak of highly contagious and deadly SARS-CoV-2, also known as Coronavirus Disease 2019 (COVID-
19) has posed a serious threat to public health across the globe, calling for the development of effective diagnostic 
markers and therapeutics. Here, we report a highly reliable theragnostic biomarker, acetylated 676th lysine 
transforming growth factor beta-induced protein (TGFBIp K676Ac). The TGFBIp K676Ac was consistently 
elevated in the blood of SARS-CoV-2 pneumonia patients (n=113); especially in patients of intensive care unit 
(ICU) than non-ICU. Patients’ blood samples showed increased cytokines and lymphopenia, which are exemplary 
evidence of SARS-CoV-2 pneumonia. Treatment of TGFBIp neutralizing antibodies suppressed the cytokine 
storm. The increased level of TGFBIp K676 Ac in ICU patients implies that it can be used as a reliable theragnostic 
biomarker for SARS-CoV-2. 
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 S581   Nanobioelcetronic Device toward Human-on-a Chip and Biohybrid Robot 

 
Jeong-Woo CHOI 
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Nanobiodevices have emerged as a breakthrough with huge potentiality for the development of new functional 
medical and electronic devices. Nanobiodevices have emerged as a breakthrough with huge potentiality for the 
development of new functional medical (1) and electronic devices. Cell-based nanobiolectronic device has been 
developed to detect and control intracellular state by electron. Novel cell chip based on nanopatterned array and 
nanoparticle is proposed to analyze the cellular metabolic state with spectroelectrochemical detection. Biohybrid 
nanostructure composed of genetically engineered redox enzyme/organic/conducting nanoparticle is made to 
control intracellular metabolic state. Cell chip with the surface immobilized by the proposed biohybrid material 
is developed to control the cell state, especially for differentiation of neural stem cell, which can be applied to 
fabricate brain-on-a chip. Biohybrid robot has been developed due to its application possibility to the industrial 
robot and medical robot (2). The enhancement of bioactuator force has been needed since up to now the movement 
of biohybrid robot by bioactuator is too weak for the real applications. In this study, to increase the performance, 
MoS2 nanosheet based biohybrid actuator and hyaluronic acid-gold nanoparticle (HA-AuNPs) based biohybrid 
actuator was developed for biohybrid robot. The proposed biohybrid material-based biodevice should be a new 
type of platform for development of human-on-a-chip (especially brain on a chip), biomolecular-based computing 
system and biohybrid robot in future.  
** Acknowledgments: This research was supported by the National Research Foundation of Korea (NRF) grant 
funded by the Korea government (MSIT) (No.2019R1A2C3002300). 
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 S582   Highly Efficient Genetic Toolbox for Active Recombinant Protein Synthesis 
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The dynamic changes in proteome profiles of Escherichia coli BL21(DE3), a widely used host for recombinant 
protein expression, were systematically monitored under stress conditions through 2-DE based quantitative 
proteomics - 1) disturbed redox balance, caused by dithiothreitol and 2-hydroxyethyl disulfide and 2) accelerated 
protein unfolding/misfolding, caused by guanidine hydrochloride and heat shock. Approximately 80 proteins 
including heat shock proteins/foldases, transcription/translation-related proteins, various metabolic enzymes, and 
other stress regulatory proteins were found to be notably upregulated in response to the stresses, among which 26 
proteins were identified as new stress-responsive proteins. In particular, it is worthy of noting that the following 
proteins were dramatically (i.e. more than 2.5 fold compared to non-stress condition) upregulated: 
phosphotransferase enzyme IIA component (Crr), malate dehydrogenase (Mdh), spermidine/ putrescine-binding 
periplasmic protein (PotD), DNA-directed RNA Polymerase alpha-chain (RpoA), RNA polymerase sigma factor 
rpoS (RpoS), a FKBP-type peptidyl-prolyl cis-trans isomerse (SlyD), elongation factor Ts (Tsf), and a 
hypothetical protein YrhB, which are presumed to have high affinity for and thus closely interact with bacterial 
chaperones, leading to the upregulated expression even under such severely stressful conditions. When used as 
fusion expression partner, these proteins were highly effective in expressing the following aggregation-prone 
heterologous proteins in soluble form in the bacterial cytoplasm: human mini-proinsulin (mp-INS), human 
epidermal growth factor (EGF), human preproghrelin (ppGRN), human interleukin-2 (hIL-2), human activation 
induced cytidine deaminase (AID), human glutamate decarboxylase (GAD448-585), Pseudomonas putida 
cutinase (CUT), human ferritin light chain (hFTN-L), and human cold autoinflammatory syndrome-1 protein 
(NALP3) Nacht domain (NACHT)], indicating that they have cis-acting chaperone-like activities and thus 
constitute high efficient genetic toolbox for active recombinant protein synthesis in E. coli. Similar genetic toolbox 
for active protein expression and secretion in Saccharomyces cerevisiae was also constructed through the rational 
design of cis-acting pro-sequences using an N-terminal region of human interleukin 1β. On the other hand, an 
efficient biosynthetic scaffold for active enzyme synthesis was developed using apoferritin as a common platform 
with highly-ordered, stable, and flexibly guest-adaptable structure, which enables beneficial reassembly of 
catalytic domains of non-expressible enzymes such as membrane enzymes. 
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Many kinds of items like pharmaceuticals, cosmetics and foods are produced using biotechnology. Especially, 
pharmaceuticals need very strict quality control for production process and final products. The process of quality 
assurance (QA) was already introduced at the pharmaceutical industry to manufacture medicines with high quality 
without deviation of quality standards. All of pharmaceuticals companies have to produce their products compliant 
with GMP regulation. Good manufacturing practice (GMP) is a system for ensuring that products are consistently 
produced and controlled according to quality standards. There must be systems to provide documented proof that 
correct procedures are consistently followed at each step in the manufacturing process - every time a product is 
made. But violations of GMP regulation are reported continuously around world including South Korea. Recently, 
KFDA announced the guide line about Data Integrity at 13th of July, 2020. At first stage, Biopharmaceutical 
companies prepare that all methods and analytic results of process and products should be integrity until 
2021. Data integrity is the maintenance of, and the assurance of, data accuracy and consistency overall results in 
process and products. We cannot produce any kinds of pharmaceutical products now and will not produce any 
kinds of products using biotechnology in the future without Data Integrity. 
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 S584   GPCR-Nanodisc Platform for Therapeutic Antibody Screening 
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Most drug targets belong to five categories, which are G protein-coupled receptors (GPCRs), ion channels, 
kinases, nuclear hormone receptors and proteases. Among them, approximately 34% of all FDA-approved drugs 
are targeting GPCR. The GPCR-targeted drug accounts for approximately 27% of the global market share of 
therapeutic drugs. The hundreds of GPCR-modulating drugs almost all are small molecules. On the other hand, 
there have not been GPCR-targeted antibodies until Amgen's erenumab was approved by FDA for the first time 
in 2018. Because there are lots of challenges to generate sufficient amounts of stable and functional GPCRs, which 
can be used as antigens for screening the therapeutic antibodies. Nanodisc (ND) technique would be a useful tool 
to generate stable and functional GPCRs. The ND consists of a GPCR, a lipid bilayer, and two molecules of 
membrane scffold proteins. The membrane scaffold proteins wrap the edge of the lipid bilayer surrounding the 
GPCR, and thus ND provides the GPCR with cell surface-like environments. I will present and discuss that the 
NDs can be effectively used for screening antibodies which specifically binds with the target GPCR. 
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 S585   Development of various biological processes for their application in industry 
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The development of biological processes has a great potential to contribute to industrial prosperity. From this 
perspective, in the period of the 4th industrial revolution, the interaction between industry and academia is 
becoming more important. In past years, several research projects have been conducted in the Bioprocess 
Engineering Laboratory (BPEL) at Korea University with various companies. Some examples of BPEL’s 
academic-industrial collaboration research were as follows: 
 
ⅰ) Production of neo-fructooligosaccharides (neo-FOSs); 

Efficient immobilization technique was developed for the large-scale production of neo-FOSs. 
 

ⅱ) Production of bioethanol from barley straw; 
In bioethanol production from barley straw, simultaneous saccharification and fermentation (SSF) has been 
conducted for the pilot-plant scale to reduce process cost. 

 
ⅲ) Production of cellulolytic enzymes 

Production process on high titers of enzymes (cellulase and xylanase) by mutant Aspergillus niger was 
developed for agricultural application. 

 
ⅳ) Production of 7-aminocephalosporanic acid (7-ACA) by an enzymatic process from Cephalosporin C (CPC); 

Specific enzyme immobilization technique was established for commercial-scale production of 7-ACA from 
CPC. 

 
In addition to direct cooperation with companies, BPEL has conducted research that could contribute to the 
industry in various ways in the fields of energy and environment. Biorefinery utilizing waste biomass (Bioethanol, 
Biodiesel, 2,3-Butanediol, 1,3-Propanediol, etc.), and application to bioelectronics (Biosensor, Enzymatic fuel 
cell, Supercapacitor, etc.) are representative technology of BPEL. Moreover, this know-how has not been limited 
to Korea but has been passed down through research exchanges with 6 ASEAN countries for many years by 
holding the ASEAN-Korea Joint Symposium. 
 
Keywords : Biological processes, Academic-industrial collaboration, ASEAN-Korea Joint Symposium 
 
References 
1. X. Yang, H. S. Choi, C. Park, S. W. Kim, Renewable Sustainable Energy Rev. 49, 335-349 (2015). 
2. X. Yang, D. S. Kim, H. S. Choi, C. K. Kim, L. P. Thapa, C. Park, S. W. Kim, Chem. Eng. J. 314, 660-669 

(2017). 
3. H. U. Lee and S. W. Kim, J. Mater. Chem. A 5, 13581 (2017). 
4. J. H. Lee, H. Y. Yoo, S. K. Lee, Y. Chun, H. R. Kim, W. Barnkeeree, P. Lotrakul, H. Punnapayak, S. 

Prasongsuk, S. W. Kim, Energy Convers. Manage. 221, 113181 (2021). 
  

109



Convergence of Biotechnologies in the 4th Industrial Revolution Era2021 한국생물공학회 추계학술발표대회 및 국제심포지엄
2021 KSBB Fall Meeting and International Symposium

 
 
 
 
 
 
 
 

 
 

 
 
 
  

[S5-10] 

Convergence of Antibody Engineering 

and Nano-biotechnology in  

Drug Delivery and Diagnostics 

110



Convergence of Biotechnologies in the 4th Industrial Revolution Era2021 한국생물공학회 추계학술발표대회 및 국제심포지엄
2021 KSBB Fall Meeting and International Symposium

 S5101   Automated Sample Preparation Platform Improving Sensitivity of Molecular Diagnostics for 
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Infectious diseases are caused by microorganisms including bacterial and viral pathogens, and accurate and rapid 
detection of target pathogens is very important to prevent the spread of infections. In general, clinical samples 
contain various kinds of biological substances that interfere with molecular diagnostics for pathogens, while 
pathogens in clinical samples often exist at concentrations lower than limit of detection (LOD). Many efforts have 
been focused on the development of sample preparation techniques capable of removing molecular diagnostic 
inhibitors and enriching the pathogens in samples. However, conventional commercial nucleic acid (NA) 
extraction kits and systems still have challenges because there is no function of separating pathogens from the 
samples, and they rely on centrifugation. Here, we developed a fully automated sample preparation platform that 
can enrich the pathogens such as bacteria and viruses using immunomagnetic separation (IMS) and sequentially 
extract their NA from blood and saliva, respectively. It took less than an hour to obtain purified NA of pathogens 
from the samples and the combined use of quantitative PCR (qPCR) enabled the system to detect Escherichia 
coli O157:H7 at 10 CFU (colony forming unit)/mL in whole blood and H1N1 influenza A virus at 10 
TCID50 (tissue culture infective dose 50%)/mL in saliva. Therefore, these results demonstrate that our automated 
platform can improve sensitivity more than 100 times compared to commercial NA extraction kits. 
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 S5102   Development and application of a bispecific antibody penetrating the blood-brain-barrier (BBB) 
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One of major challenges to develop effective therapeutics for neurodegenerative diseases is due to lack of the 
ability to penetrate Blood-Brain-Barrier (BBB) rather than lack of potency or efficacy of therapeutics. In order to 
overcome this hurdle, ABL Bio has developed a bispecific platform (Grabody-BTM) that can improve BBB-
penetrating activity through the receptor-mediated transcytosis (RMT) pathway in the brain endothelial cells. The 
most advanced development program using this platform is ABL301, a bispecific antibody binding to aggregated 
alpha-synuclein as well as RMT target. ABL301 is being developed for the treatment of Parkinson’s disease (PD) 
via specific binding against alpha-synuclein, a main pathological aggregate in the brain of PD patients. ABL301’s 
alpha-synuclein binding moiety is highly specific for aggregated form with no cross-reactivity against other 
synuclein homologs. In addition, ABL301 has shown a better in vivo efficacy in preclinical animal models of PD 
via improved BBB-penetrating ability compared to its parental alpha-synuclein-binding monoclonal antibody. 
ABL301 could be developed as a potent first-in-class therapeutic antibody for the treatment of synucleinopathy 
with improved BBB penetration. ABL Bio’s bispecific platform (Grabody-BTM) can be also used and applied for 
the development of other biologics to treat different neurodegenerative diseases. 
 
Keywords : Antibody, BBB (Blood-Brain-Barrier), Bispecific, Parkinson’s Disease, Synuclein 
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 S5103   Nanomedicine for the Treatment of Atherosclerosis 
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Atherosclerosis is a chronic inflammatory disease that progresses with the accumulation of interrelated cholesterol 
crystals (CC) and macrophages in the arterial wall. These are not only the main components of atherosclerotic 
plaques, but also key inflammation-triggering sources that promote their own accumulation. However, existing 
therapeutics have not achieved effective removal of both CC and macrophages from plaques for the treatment of 
atherosclerosis. In this lecture, I will introduce a new class of nanomedicine that delivers the anti-inflammatory 
drug to plaques and carries away cholesterol from there at the same time for effective anti-atherosclerosis therapy. 
In mouse models of atherosclerosis, systemically injected nanomedicine accumulates preferentially in 
atherosclerotic plaques and significantly reduces the amount of cholesterol crystals and the number of 
macrophages, thus leading to inhibition of atherosclerotic plaque development and regression of the established 
plaques. I believe that this nanomedicine offers a powerful therapeutic option for the treatment of atherosclerosis. 
 
Keywords : nanomedicine, atherosclerosis, plaque, cholesterol, statin 
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 S5104   Biodegradable Self-guided Nanomedicine Delivery Platform 
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After the introduction of nanomedicine that can contain a therapeutic agent in a nano-sized carrier, the therapeutic 
efficiency has increased due to the unique extension function of nanomedicine. Conjugation of targeting ligands 
to nanomedicine enables target-specific delivery of drugs and reduces toxicity to surrounding tissues, especially 
for cancer treatment. However, nanomedicines have to circulate throughout the body until an opportunity arises 
to meet target tissues or cells in vivo, and non-specific accumulation may occur during this process, so there are 
still limitations in terms of delivery. To overcome these limitations, here we introduce a biodegradable 
nanomedicine delivery platform. It is composed of biomolecules such as DNA and peptides as well as inorganic 
materials that can be decomposed by glutathione. In addition, manganese ions generated during the degradation 
process enable monitoring of drug delivery through MRI imaging. In addition, drugs can be delivered by 
chemotaxis without using a targeting ligand using mesenchymal stem cells. As such, the development of 
biodegradable, self-guided delivery nanomedicine has introduced new advantages for advancing targeted 
combination cancer therapy. 
** Acknowledgment: This research was supported by the Basic Science Research Program through the National 
Research Foundation of Korea (NRF), grant funded by the Ministry of Education (No. NRF-2019R1I1A1 
A01058888) and by Korea Environmental Industry and Technology Institute (KEITI), grant funded by the 
Ministry of Environment of Korea. 
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 S5121   Nanocomplex-mediated Nucleic Acid Delivery for Gene Therapy 
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Division of Bioengineering, Incheon National University, Incheon 22012, Korea 
Corresponding Author Email : bhwang@inu.ac.kr 
 
Gene therapy needs a facile, efficient, and safe nucleic acid delivery method. Here, we focused on developing 
nanocomplex-mediated nucleic acid delivery for various applications of gene therapy. First, novel fusion peptide-
based nanocomplexes were designed for siRNA delivery and gene silencing. Resultantly, nanocomplexes 
demonstrated a significant in vivo gene silencing effect without overt tissue damage, inflammation, and immune 
cell infiltration. Second, novel synergistic nanocomplexes were designed for efficient transfection. 
Nanocomplexes were incorporated by the fusion of nuclear localization signal and cell-penetrating peptides with 
calcium phosphate. As a result, subcutaneously injected cells to mice maintained more stable protein expression 
until ten days than Lipofectamine® 2000 without cytotoxicity, histological difference, and inflammatory cytokine 
release. Consequently, the new nanocomplex-mediated delivery will be an efficient and safe nucleic acid carrier 
into cells and tissues to treat various genetic diseases through gene therapy. 
 
Keywords : Nanocomplex, Delivery, Peptide, siRNA, Transfection, Gene therapy 
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 S5122   Cell-Inspired Hydrogel Microcapsules Incorporating an Interstitial Oil Layer for Long-Term 
Retention of Highly Reactive Cargoes 
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Chang-Hyung CHOI1 
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Here, we report a cell-inspired hydrogel microcapsules incorporating an interstitial oil layer prepared by utilizing 
triple emulsion drops as templates to achieve enhanced retention of highly reactive antioxidant cargoes. We use 
ionic gelation for the hydrogel shell to prevent exposure of the encapsulated antioxidants to free radicals typically 
formed during photopolymerization process. The interstitial oil layer in the microcapsule serves as a diffusion 
barrier, enabling efficient encapsulation and retention of antioxidant cargoes by providing an adequate pH 
microenvironment. Moreover, incoporation of lipophilic reducing agent in the oil layer leads to complementary 
reaction with the antioxidant, similar to the cellular antioxidative defense system in cells, enabling enhanced 
retention of the antioxidant activity. Furthermore, we achieve the complete recovery and even further 
enhancement in antioxidant activity by lowering the storage temperature that decreases the oxidation rate while 
retaining the complementary reaction with the lipophilic reducing agent. We anticipate that the proposed 
microcapsules will open up a new route in the long-term storage as well as triggered release of highly reactive 
and sensitive cargoes, which is expanding in demand in various fields including cosmetics, foods, and 
pharmaceutics to name a few. 
 
Keywords : droplet microfluidics, antioxidant defense mechanism, triple emulsion, microcapsule, reactive 
antioxidants 
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 S5123   Harnessing Extracellular Vesicles for Biomedical Applications: Single-step Extracellular Vesicle 
Concentration Using Super Absorbent Polymer Beads 
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Division of Bioengineering, Incheon National University, Incheon, Korea 
Corresponding Author Email : wjrhee@inu.ac.kr 
 
Extracellular vesicles (EVs), nano-sized particles, are promising biomaterials for the delivery of therapeutic 
molecules and contain various biomarkers for disease diagnosis. Accordingly, an efficient concentration method 
is necessary for large-scale production or high-throughput isolation of EVs from bulk liquid samples, including 
culture medium and body fluids, to achieve their biomedical applications. However, current EV concentration 
methods are severely limited with respect to efficiency, cost, and centrifugation time. This study presents the 
single-step EV concentration method using super absorbent polymer (SAP) beads. SAP beads absorb small 
molecules, including water, via nano-sized channels but expel and thereby concentrate EVs. Consequently, the 
beads drastically enriched EVs by reducing the solution volume in a single step, without affecting EV 
characteristics. Moreover, the concentrated EV solution purity was high due to the absorption of protein impurities 
by SAP beads. The versatility of the method was demonstrated by investigating that SAP beads successfully enrich 
EVs in human urine samples and culture medium, enabling better isolation performance than conventional 
ultrafiltration. I believe the developed approach and insight gained in this study will facilitate the use of EVs as 
prominent biomaterials for disease diagnosis and therapy. 
 
Keywords : Extracellular vesicles, Exosome, extracellular vesicle concentration, Super absorbent polymer, 
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 S5124   Dynamic Circadian Regulation and Modulator of Clock Genes in Skin Cells 
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All living organisms on the earth are affected by the day and night cycle, and their physiological processes 
including skin physiology are governed by the daily cycle which is called a circadian rhythm. As circadian rhythm 
is generated and regulated by molecular components clock genes, fine-tuned regulation of clock genes is important 
for the dynamic and proper physiological processes. 
We found time-dependent mRNA degradation, rhythmic translation initiation, microRNA-mediated translation 
repression, and RNA looping structure modification are important regulatory steps to make rhythmic circadian 
gene expressions. We also found circadian modulators which can increase the amplitude or delay the phase of 
circadian expression of clock genes with also skin physiology-related genes. I will summarize post-transcriptional 
regulations in the clock system with also the function of circadian modulators. 
A better understanding of circadian regulation of clock genes and their modulators might shed light on the complex 
mechanism of spatiotemporal dynamic gene regulations in the skin and could be applied to cosmetic sciences and 
skin health. 
 
Keywords : circadian rhythm, clock gene, skin, post-transcription, RNA-binding protein 
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 S5125   Development of Oxygen-Carrying Nanoparticle for Bone regeneration 
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Purposes: Oxygen transport and supply in cell-encapsulation devices is a pivotal requirement for supporting cell 
survival and function, since inadequate oxygen delivery can lead to adverse effects on cellular metabolism and 
induce cell death. Even though current hydrogels for cell delivery consist of around 90% water with porous 
structure, mass transport limitations become apparent as the number of encapsulated cells increase and 
endogenous repair cells are recruited into the hydrogel, often leads to hypoxic condition that shifts to anaerobic 
metabolic processes. We here developed an osteoinductive oxygen carrying nanoparticle (OO-NP) to enhance cell 
survival and osteogenic activity in hydrogels for bone regeneration. 
Methods: The OONP consists of an osteoinductive cholesterol derivative and perfluorocarbon by emulsifying 
with a membrane from red blood cells. The oxygen level was monitored using a dissolved oxygen meter. 
Evaluations for biocompatibility and osteogenic ability of the OONPs were performed. 
Results: The OO-NP-laden hydrogel showed good cell support and proliferation. The OONPs showed an 
excellent ability of oxygen supply. In addition, in vitro and in vivo results demonstrated the osteoinductive activity 
and bone repair. 
Conclusion: The OOPNs have been investigated for supplying oxygen and enhancing osteogenic activity for bone 
tissue engineering. 
 
Keywords : Oxygen delivery, perfluorocarbon, oxysterol, hydrogel, bone regeneration 
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 S5131   Current R&D Trends and Future Prospects of the K-Beauty 
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Recently, Korean cosmetics has received a lot of attention as a higher value-added industry with continuously 
high growth rates. In particular, since 2014, cosmetic industry has also been increasing, with exports exceeding 
imports, making cosmetics industry recognized as a promising industry in the country. And, Korean cosmetic 
industry is ranked 9th in the global market in 2017. The background of this remarkable growth in the Korean 
cosmetics industry is also excellent R&D results. 
Cosmetic technology is largely divided into four element technologies: materials, formulations, evaluation, and 
package technology. In order to innovate cosmetic technology, various studies such as colloidal, bio-technology, 
polymer, and skin are needed. One of the things that many people misunderstand is that bio-technology is only 
used for material technology. However, biotechnology plays many roles not only in materials but also in various 
fields such as formulations, evaluation, and package technology. In this talk, I would like to introduce various 
uses and important roles of biotechnology in cosmetic technology. 
 
Keywords : K-Beauty, Biotechnology, Materials, Formulations, Evaluation, Package 
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 S5132   A Case Study of Customized Cosmetics and Future Development : Based on of Jeju Province 
Project 
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South Korea is at the forefront of the customized cosmetic trends. As our culture and society shift to emphasizing 
individual choice, consumers want to choose the ingredients, colorants, and fragrance in the product according to 
personal preferences or skin type in order to personalize their cosmetic products. In the era of the fourth industrial 
revolution, global cosmetic companies ambitiously innovate to integrate diverse technology using big data, 
artificial intelligence (AI), Augmented Reality (AR), and IoT as a solution. 
In 2018, Jeju Province and Jeju Technopark launched the national project, financially supported by the Ministry 
of Trade, Industry and Energy (MOTIE) through the National Innovation Cluster R&D program (Development 
of the Fundamental Technology for Customized Cosmetics Industry Utilizing Big Data: P0006712). Next phase 
research, from 2020 to 2022, is now being conducted to examine the field test and pilot studies of the newly 
developed products and service platform. This national R&D project was also supported by MOTIE through the 
same program (Development of the Platform as a Service for Skin Health by Using the Customized Cosmetics: 
P0015296). 
Our research group collected the skin characteristics data of 3,000 Korean women, using precise measuring 
devices for wrinkles, moisture content, pigmentation, oil content, and sensitivity. These phenotypes were 
investigated by being compared with 820,000 SNPs data of 1,155 Korean women. As a result, we are able to 
introduce the new skin-type decision model (243 skin types) based on questionnaire analysis result, phenotype 
and genotype data. We also developed the smart factory (15 min lead time) and smart package (NFC tag). With 
the convergence of ICT platform technology, we have been able to develop new customized cosmetics that did 
not exist. Jeju Province and Jeju Technopark are trying to create next innovation for K-Beauty and Jeju cosmetic 
industry. 
 
Keywords : Customized Cosmetics, Big data, Service platform, Jeju Province 
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 S5133   How to Increase the Chances of Successful Entry into Cosmetics for Pharmaceutical and Biotech 
Companies 
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Recently, an interest in cosmetics from pharmaceutical companies and biotechnology companies is quite high. 
Many have been trying to penetrate the new market, but most of the inexperienced ones have suffered a failure. 
Each company has its own technology and heritage. - That’s the standard of how we measure the success and 
failure of product commercialization. So. It’s critical to think more seriously about how we can raise the awareness 
and understanding of the consumers. 
I would like to share my experiences about two pharmaceutical companies with you. Let’s first look at strategies 
to enter the market successfully. 
 
Keywords : Biotech company, pharmaceutical company, cosmetic approaches 
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 S5134   Human skin analysis on the basis of skin optical spectrum 
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Visible light shows various optical behaviors such as reflection, absorption and scattering on human skin for 
individuals. Furthermore the optical spectra of a human skin are available for both diagnostic and therapeutic 
application using light. Therefore these require further research on the analyzing methods that consider individual 
skin characteristics. In particular, reflection spectra of light from the human skin have been widely used as the 
evaluation method of human skin characteristics such as the thickness of human skin and the amount of melanin 
and hemoglobin. In this study, the Kubelka-Munk model1,2) was used to represent the spectral reflectance of 
individual human skin through two layers model such as (epidermal / dermal). And then this model was compared 
to the spectral reflectance of human skin measured by a spectrophotometer. Consequently, it was possible to 
represent the spectral reflectance of individual skin similar to that measured by spectrophotometer on the basis of 
the Kubelka-Munk model. Furthermore it was confirmed that human skin parameters such as the amount of 
melanin and hemoglobin and the thickness of epidermal and dermal could be estimated through the fitting between 
the measured skin reflectance spectra and the simulated skin optical spectra on the basis of the Kubelka-Munk 
model. Our study of light propagation in the skin based on Kubelka-Munk model provides useful insight for the 
development of personalized skin care in the future. 
 
Keywords : Human skin parameter, Skin optical spectrum, Kubelka-Munk theory 
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 O101   Optical Determination of Volumetric Mass Transfer Coefficient in Small Volume Reactors 
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Determination of volumetric mass transfer coefficient (kLa) of gas with low water-solubility is important to design, 
optimize, and scale up gas conversion reactors. Typically, gas chromatography or protein assay are used to 
measure the concentration of dissolved gas such as CO, which is essential to obtain kLa. However, those methods 
have been limited to the gas conversion reactors with large headspace volume. Here, we propose an optical method 
for the determination of kLa of CO in small volume reactors based on surface-enhanced Raman spectroscopy. 
The kLa values of CO in two different types of small volume reactors are successfully measured by our method. 
The effect of baffles, gas flow rate, and temperature on kLa of CO in small volume reactors is also investigated. 
 
Keywords : surface-enhanced Raman spectroscopy, volumetric mass transfer coefficient, small volume reactor 
 
  

128



Convergence of Biotechnologies in the 4th Industrial Revolution Era2021 한국생물공학회 추계학술발표대회 및 국제심포지엄
2021 KSBB Fall Meeting and International Symposium

 O102   Immunomagnetic Microfluidic Integrated System for Potency-based Multi- fractionation of 
Heterogeneous Stem Cells with High Throughput Abilities 
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Multipotent adult stem cells (MASCs) derived from Pluripotent stem cells (PSCs) have found widespread use in 
various applications, including regenerative therapy and drug screening. For these applications, highly pluripotent 
stem cells need to be selectively separated from those that show low pluripotency, and adult stem cells need to be 
collected for further application. Although fluorescent activated cell sorting (FACS) and magnetic activated cell 
sorting (MACS) are commonly used, these methods suffer from limitations namely low throughput efficiency and 
low purity, respectively. In this study, we developed immunomagnetic microfluidic integrated system (IM-MIS) 
for separation of stem cells depending on potency level. A mixture of PSCs and MSCs were used to demonstrate 
separation efficacy of IM-MIS. Compared to FACS, IM-MIS was found to be more efficient and rapid method 
with better throughput capabilities. Moreover, separation using IM-MIS was more accurate than that done using 
MACS. Furthermore, IM-MIS did not affect the key characteristics of stem cells including its potency, phenotype, 
genotype, and karyotype. IM-MIS may offer a new platform for the development of multi-separation systems for 
diverse stem cell applications. 
 
Keywords : magnetic nanoparticle, magnetophoresis, microfluidic system, induced pluripotent stem cell, bone-
marrow mesenchymal stem cell 
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 O103   Peptide-conjugated Gold Nanoparticle for the Norovirus Detection by Lateral Flow Assay 
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Currently, virus detection is the most rapidly emerging market in the field of in vitro diagnostics. Norovirus, 
foodborne illnesses all over the world, is an infectious virus that causes acute gastroenteritis and is accompanied 
by various symptoms.1 Infection through food is not visible, so in vitro diagnosis is considered very necessary. 
Point-of-care testing is the effective and rapid diagnosis of a particular molecule in vitro. Several studies have 
been conducted as Lateral flow assay (LFA) fits the WHO's standard of ASSURED (affordable, sensitive, specific, 
user-friendly, rapid and robust, equipment-free, deliverable) criteria among paper-based in vitro diagnostics 
(lateral flow assays, dipsticks, microfluidic paper-based analytical devices; μPAD, etc.).2 Traditional LFAs 
typically rely on antibody-based immunization, which requires a lot of cost and multiple processes due to the 
preprocessing process. Thus, peptides obtained from the evolutionary phase display can be a great alternative to 
antibodies. In this study, results were confirmed in LFA by synthesizing peptides binding norovirus and gold 
nanoparticles that are easy to observe in visible color. We have confirmed that visual detection is possible in very 
small amounts, 107 particles/ml. These results demonstrate the availability of peptides as alternatives to antibodies 
in existing LFA and effectively present economical and easy usability.3 Furthermore, simple changes in peptide 
sequences can be effectively detected for various targets. 
 
Keywords : point-of-care testing, affinity peptide, lateral flow assay, norovirus detection 
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Tumor Necrosis Factor-α (TNF-α) is a key cytokine in an inflammatory response and cellular signaling that may 
lead to apoptosis. Enzyme-linked immunosorbent assay (ELISA), an assay widely used for the detection of TNF-
α, however, has several limitations such as low sensitivity and ling incubation time. Here, we report a sensitive 
sandwich immunoassay for TNF-α by employing surface-enhanced Raman spectroscopy (SERS). We prepared 
plasmonic nanoparticles specific to TNF-α by conjugating antibodies against TNF-α on the surfaces of the 
nanoparticles embedded with Raman-active molecules. As-made plasmonic nanoparticles were characterized by 
UV-Vis spectroscopy, transmission electron microscopy, and Raman spectroscopy. TNF-α was sensitively 
detected by using a fluidic channel with SERS. 
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The sialyl receptor embedded loaded nanodiscs, aa discoidal lipid bilayer patch, inhibitsed influenza virus 
infection by erupting and entrapping viral RNPs in endolysosome. However, some structural improvements of 
nanodiscs were required for higher antiviral effects and wider targeting strains. Therefore, we applied intein 
mediated protein trans-splicing (PTS) for conjugating two mono-nanoperforators into di-nanoperforator. Each 
domain of intein was inserted to each terminal of membrane scaffold proteins which are major components of 
nanoperforator. The intein domain inserted membrane scaffold proteins were expressed and purified well for 
assembly of each nanoperforator. The PTS between two intein domain inserted mono-nanoperforators was 
proceeded well and di-nanoperforators as products show doubled size and molecular weight of mono-
nanoperforators. The single receptor embedded homo di-nanoperforators reveal much higher antiviral effects 
against influenza virus than same concentrated mono-nanoperforators. Moreover, two different receptors (3’-sialic 
acid- and synthetic 6’-sialic acid-linked receptor) embedded hetero di-nanoperforator shows widen the targeting 
strains without interfering each antiviral effect unlikely to applying two receptors in mono-nanoperforators. Our 
results suggest doubling discs by Cfa intein-applied PTS advance virus-inhibiting action of nanodisc and 
potentials of numerous structural modifications in improving nanodisc technology. 
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Cells can ‘feel’ the physical cues and ‘respond’ by changing their function [1-2]. In the mechanotransduction 
field, the conventional hypothesis is that physical properties, such as stiffness and ligand distance of the matrix 
are influencing the differentiation of stem cells [1-5]. In this study, we hypothesized that the key factor of previous 
studies is the force, tension, applied to the cell. A system that could exert magnetic force to cells by external 
magnetic field was established, resulting in the following. First, intracellular magnetic nanoparticles (MNPs)’ 
properties, such as quantity and cytotoxicity were analyzed. Second, the osteogenic marker genes (COL-
1, OPN, and OCN) expression level were increased statistically significantly in proportion to the strength of the 
magnetic force. Third, ALP, ARS staining, and osteogenic marker protein (OPN and OCN) staining showed the 
osteogenic function of cells and upregulated protein expression of the tension-applied group. Further, applying 
tension triggers transcription factor, YAP and RUNX2, translocation from the cytoplasm to the nucleus [6]. 
Finally, the signaling pathway was analyzed by Western blot image. The MAPK/ERK pathway was activated in 
the hMSCs exposed to magnetic forces. Through this study, we could find the key factor of mechanotransduction 
and regulate osteogenic differentiation of stem cells. 
 
Keywords : mechanotransduction, human mesenchymal stem cell, tension, osteogenic differentiation, magnetic 
nanoparticles 
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Extracellular vesicles (EVs) are nano-sized particles derived from living organisms including prokaryotes, 
eukaryote, and plant. Although EVs produce from cell culture are utilized in various diseases recently, however, 
large quantities of EVs are needed for in vivo applications, which requires high production cost and time. 
Therefore, the development of new EVs sources is essential to facilitate their use. Accordingly, plant-derived EVs 
are an emerging alternative for culture-derived EVs. In this study, cabbage and red cabbage were used as EVs 
sources owing to their easy cultivation. The isolated cabbage-derived EVs (Cabex) and red cabbage-derived EVs 
(Rabex) were supplemented to human cell culture media, and there was no cytotoxicity effect in human cells. In 
addition, both Cabex and Rabex promoted cell proliferation and, interestingly, suppressed inflammation in 
immune cells and apoptosis in human cells. Finally, therapeutic drugs were encapsulated in Cabex or Rabex and 
successfully delivered to human cells, demonstrating the potential of these EVs as alternative drug delivery 
vehicles. Overall, the current results provide strong evidence for the wide application of Cabex and Rabex as 
novel therapeutic biomaterials. 
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Light is a kind of intuitive, easily controllable, and spatiotemporal stimuli that is advantageous in controlled 
molecular delivery system. Gold nanoparticles (GNPs) are well known as optically active plasmonic materials 
and generate the local heat by photothermal conversion effect under the resonance condition. Taking this benefit, 
hybrid structures with plasmonic nanoparticles have been broadly suggested for developing advanced 
nanocarriers. Here, we present a simple single-step integration method to obtain plasmonic hybrid nanogels 
(PHNs) composed of thermo-responsive polymers and GNPs. Under the resonant light illumination, PHN 
generates local heat enough to induce structural change of the polymeric networks and sequentially release the 
loaded molecules. To maximize this effect, we systematically tune the number of GNPs integrated in the PHNs 
by changing the co-building blocks. Then, we evaluate their capability to control the molecular delivery via 
intracellular behaviors of the PHNs stimulated by light. We envision that the proposed light responsive PHNs 
would be beneficial nanocarriers to improve and understand the controlled drug delivery system more precisely. 
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Extracellular vesicles (EVs) are nano-sized particles produced by cells. They participated in cell communications 
through transferring bioactive molecules among cells and tissues. Cell culture-derived EVs have been extensively 
studied as potential therapeutics or drug delivery vehicles for disease treatment. However, a large number of EVs 
is needed for their clinical applications, which requires high production costs and time. Thus, it is necessary to 
develop alternative sources of EV production to overcome this issue. Herein, carrot and perilla frutescens leaf 
were introduced as new sources of EVs because they are widely and easily cultivated. We successfully isolated 
and purified high amount of EVs from carrot and perilla frutescens leaf. Isolated EVs were characterized, and 
their biological functions were assessed. First, Carrot-derived EVs showed low cytotoxicity and, interestingly, 
inhibited ROS generation and apoptosis in vitro myocardial infarction and Parkinson’s disease models. In 
addition, perilla frutescens leaf-derived EVs showed cytotoxic effects especially on triple negative breast cancer 
cells, whereas it had no significant effect on different cancer cell types and normal cells. Our findings suggest that 
plant-derived EVs can be considered as new candidates for various disease treatment. 
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RNA interference (RNAi) has been developed as a promising way of cancer treatment by efficiently silencing 
oncogenes with its natural specificity. However, because small RNAs have decisive difficulties in cellular uptake, 
RNAi treatment requires an efficient and stable carrier of small RNAs for applications. Here, we designed the 
novel fusion peptide-mediated carrier for efficient siRNA delivery to breast cancer cells. The fusion peptides 
formed nanocomplexes with siRNAs via electrostatic attraction. As a result, Nanocomplexes showed improved 
cellular uptake to breast cancer cells. Furthermore, delivered siRNAs silenced specific genes and reduced the 
viability of MDA-MB-231 cells. In addition, fusion peptides represented negligible cytotoxicity to MDA-MB-
231 cells. Moreover, the histological analysis did not show tissue damage or significant cytokine peptides in the 
case of intradermal injection of RS fusion peptide to mouse skin. Therefore, new nanocomplex-mediated siRNA 
delivery could be applied to treat various gene therapy including breast cancer treatment. 
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Bio-based production of many chemicals is not yet possible due to the unknown biosynthetic pathways. Here, we 
report a strategy combining retrobiosynthesis and precursor selection step to design biosynthetic pathways for 
multiple short-chain primary amines (SCPAs). Streptomyces viridifaciens vlmD encoding valine decarboxylase is 
examined as a proof-of-concept promiscuous enzyme both in vitro and in vivo for generating SCPAs. Escherichia 
coli expressing the heterologous vlmD produces 10 SCPAs by feeding their direct precursors. Furthermore, 
metabolically engineered E. coli strains are developed to produce representative SCPAs from glucose, including 
the one producing 10.67 g L−1 of iso-butylamine by fed-batch culture. This study presents the strategy of 
systematically designing biosynthetic pathways for the production of a group of related chemicals as demonstrated 
by multiple SCPAs as examples.  
** This work was supported by the Technology Development Program to Solve Climate Changes on Systems 
Metabolic Engineering for Biorefineries from the Ministry of Science and ICT through the National Research 
Foundation (NRF) of Korea (NRF2012M1A2A2026556 and NRF-2012M1A2A2026557). 
** These authors contributed equally: Tong Un Chae, Dong In Kim, Hyun Uk Kim. 
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D-xylose has gained prominence as an inexpensive substrate for the synthesis of valuable compounds through the 
Dahms pathway (DP) in E. coli. Ethylene glycol and 1,2,4-Butanetriol were produced through expression of the 
suitable enzymes and inactivation of competing reactions. EG and BTO production was further improved by 
addressing the D-xylonate accumulation through different metabolic and synthetic biology approaches. Glycolic 
acid (GA) was also produced via DP through the identification of bottleneck reactions and expression of best 
enzymes. Enhancing GA production through co-utilization of cellobiose and D-xylose was also done. 
Collectively, the main goal is to engineer industrially applicable E. coli strains, and with the rapid advances in 
technology, the creation of economically viable host strains is achievable in the foreseeable future.  
** This work was supported by the National Research Foundation of Korea(NRF) grant funded by the Korea 
government (MSIT No. 2021R1F1A1045612 and MOE No. 2020R1A6A1A03038817), and by the Korea Institute 
of Energy Technology Evaluation and Planning(KETEP) funded by the Ministry of Trade, Industry & Energy 
(MOTIE No. 20194010201750). 
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Most microorganisms including industrial host strains were not able to efficiently utilize non-preferred carbon 
sources contained in non-edible biomass, such as alginate, xylose, and arabinose. Therefore, choosing an 
appropriate host strain would determine the efficiency of the entire bioprocess. In this regard, due to a broad 
spectrum of sugar utilization and genetic tractability of Vibrio sp. dhg, it was studied as a platform strain for the 
processes using non-edible biomass as a feedstock; brown-macroalgae and lignocellulose in this study. In order 
to efficiently utilize brown macroalgae as a feedstock, Vibrio sp. dhg capable of catabolizing alginate was isolated. 
After genome sequencing, genetic engineering tools were established. The production strains for ethanol, 2,3-
butanediol, and lycopene demonstrated unprecedent productivities from brown macroalgae-derived carbon 
sources (alginate and mannitol). In order to efficiently utilize lignocellulose as a feedstock, Vibrio sp. dhg was 
rationally and evolutionary engineered for improved xylose catabolism and removal of carbon catabolite 
repression (CCR). Lactate-producing strain was constructed based on previously engineered strain and showed 
high productivity from lignocellulose-derived sugars (glucose, arabinose, and xylose). 
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Metabolic reprogramming is a hallmark of cancers that is known to facilitate cancer progression and development, 
and is often induced by somatic mutations in a cancer cell. For instance, oncometabolite is generated by gain-of-
function mutation in isocitrate dehydrogenase in gliomas, and also by altered glutamate metabolism 
by KRAS mutation in colorectal cancer. In this study, genome-scale metabolic models (GEMs) are used to 
systematically characterize somatic mutation-associated metabolic reprogramming in cancers. A GEM is a 
computational model that predicts metabolic fluxes for the entire metabolic reactions in a specific organism. Here, 
we reconstructed 948 cancer patient-specific GEMs using patient-specific omics data from the Pan-Cancer 
Analysis of Whole Genomes (PCAWG) Consortium, which were used to predict mutation-associated metabolites 
across 17 cancer types. The predicted mutation-associated metabolites were validated in comparison with relevant 
literature. Our computational approach and its outcomes can serve as a groundwork for further extended studies 
on metabolic reprogramming of cancers. 
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Long-term space missions affect the gut microbiome of astronauts, especially the viability of some pathogens. 
Probiotics may be an effective solution for the management of gut microbiomes, but there is a lack of studies 
regarding the physiology of probiotics in microgravity (MG). Here, we investigated the effects of MG on the 
probiotic Escherichia coli Nissle 1917 (EcN) by comparing transcriptomic data during exponential and stationary 
growth phases under simulated MG and normal gravity. MG affected several physiological features of EcN, 
including its growth profile, biofilm formation, stress responses, metal ion transport/utilization, and response to 
carbon starvation. We found that some changes, such as decreased adhesion ability and acid resistance, may be 
disadvantageous to EcN relative to gut pathogens under MG, indicating the need to develop probiotics optimized 
for space flight. Thus, we are now investigating the differentiation of gene expression and growth profile of EcN 
when co-cultured with pathogenic Pseudomonas aeruginosa PAO1 under MG as follow-up study. For exact 
simulation of gut microbiome of astronauts, co-cultured samples are cultivated at anaerobic condition. 
 
Keywords : microgravity, E. coli Nissle 1917, probiotics, RNA-sequencing 
 
References 
1. Wilson, J.W. et al, Media ion composition controls regulatory and virulence response of Salmonella in 

spaceflight, PLoS ONE 3, e3923 (2008). 
2. Crabbe, A. et al, Response of Pseudomonas aeruginosa PAO1 to low shear modelled microgravity involves 

AlgU regulation, Environ. Microbiol. 12, 1545-1564 (2010). 
3. Nickerson, C.A. et al, Low-shear modeled microgravity: A global environmental regulatory signal affecting 

bacterial gene expression, physiology, and pathogenesis, J. Microbiol. Methods 54, 1-11 (2003). 
4. Huijser, R. Desktop RPM: New small size microgravity simulator for the bioscience laboratory. Fokker Space 

1 (2000). 
5. Arunasri, K. et al, Effect of simulated microgravity on E. coli K12 MG1655 growth and gene expression, 

PLoS ONE 8, e57860 (2013). 
6. Seo, S.W. et al, Genome-wide Reconstruction of OxyR and SoxRS Transcriptional Regulatory Networks 

under Oxidative Stress in Escherichia coli K-12 MG1655, Cell Rep. 12, 1289-1299 (2015). 
7. Seo, S.W. et al, Deciphering Fur transcriptional regulatory network highlights its complex role beyond iron 

metabolism in Escherichia coli, Nat. Commun. 5, 4910 (2014). 
8. Morrison, M.D. et al, Comparison of Bacillus subtilis transcriptome profiles from two separate missions to 

the International Space Station, NPJ Microgravity 5, 1 (2019). 
9. Vukanti, R. et al, Changes in Gene Expression of E. coli under Conditions of Modeled Reduced Gravity, 

Microgravity Sci. Technol. 20, 41-57 (2008). 
10. Sonnenborn, U., Escherichia coli strain Nissle 1917-from bench to bedside and back: History of a special 

Escherichia coli strain with probiotic properties, FEMS Microbiol. Lett. 363, fnw212 (2016). 
  

143



Convergence of Biotechnologies in the 4th Industrial Revolution Era2021 한국생물공학회 추계학술발표대회 및 국제심포지엄
2021 KSBB Fall Meeting and International Symposium

 O206   Synthetic Cellular Communication-based Screening for 3-hydroxypropionic Acid Export 
Phenotypes 
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Corresponding Author Email : gyjung@postech.ac.kr 
 
Although cellular export is important in industrial biotechnology, its assessment is difficult due to the lack of 
efficient analytical methods. This study describes a synthetic cellular communication-based microfluidic platform 
for screening improved export phenotypes. Metabolite-secreting cells were compartmentalized in droplets, with 
sensing cells equipped with a genetic circuit that converts the export level into an easily detectable signal. This 
platform was applied to identify Escherichia coli genes that enhance the exportation of 3-hydroxypropionic acid, 
an industry-relevant platform chemical. Resultantly, two genes (gene X, gene Y) found by this platform enhance 
the secretion of 3-hydroxypropionic acid and its production. Given the increasing design capability for chemical-
detecting cells, this platform has considerable potential in identifying efflux pumps for many important chemicals. 
 
Keywords : export, transporter, 3-hydroxypropionic acid, microfluidics 
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 O207   Genome-wide Transcriptional Regulatory Network of Methylomonas sp. DH-1 NtrC Reveals 
Regulatory Mechanisms of Nitrogen Utilization 

 
Sukjae HAN1, Joon Young PARK2, Yong Hee HAN1, Ina BANG2, Ok Kyung LEE3, Ji Sung HYUNG4, Jeong-
Geol NA4, Eun Yeol LEE3, Donghyuk KIM2, Sang Woo SEO1,5 
1Interdisciplinary Program in Bioengineering, Seoul National University, Seoul, Korea, 2School of Energy and 
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Methanotrophs, which utilize methane as a sole carbon source, are both a methane sink and a source of nitrogen 
oxides for the ecosystem. Since anthropogenic activities have increased greenhouse gases like methane and nitrous 
oxide, understanding nitrogen metabolism and its regulation of methanotroph becomes important. We elucidate 
the NtrC transcriptional regulatory network of type I methanotroph Methylomonas sp. DH-1. NtrC is a 
transcription factor that controls the expression of genes to respond environment perturbation mainly related to 
fixed nitrogen level. Multi-omics analysis with two different nitrogen sources, ammonium and nitrate, reveals that 
a total of 43 genes in 19 transcription units belong to NtrC regulon. Analysis of the NtrC regulon demonstrates 
that NtrC responsible to regulation of nitrogenase expression and reducing toxic effects of hydroxylamine and 
nitrite. Also, there are regulatory function involved in nitrate/nitrite assimilation, electron transfer complex and 
other regulatory components. This study reveals the characteristics of NtrC regulation in methanotrophs and offers 
the possibility to solve problems posed by anthropogenic environmental threats. 
 
Keywords : methanotroph, multi-omics, NtrC, regulon, nitrogen metabolism 
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 O208   Quantitative Analysis of γ-aminobutyric Acid by Complementary Cell-free Protein Synthesis 
Wired with a Transamination Reaction 
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Complementary cell-free protein synthesis (CCFPS) assay is a method to analyze amino acids by the activity of 
cell-free synthesized reporter proteins. For example, a reaction mixture for cell-free protein synthesis is prepared 
in the absence of alanine. Due to the lack of an amino acid, this reaction mixture is not capable of producing 
synthesis of a reporter protein. Upon the addition of an assay sample containing alanine, however, the set of 20 
amino acids is completed to produce functional reporter protein. 
γ-aminobutyric acid (GABA) is major inhibitory neurotransmitter in the central nervous systems of mammals. 
Besides blocking impulses between nerve cells, numerous functions of GABA have been reported including anti-
hypertension, anti-diabetes, anti-cancer, anti-inflammation, and intestinal protection [1-4]. In this study, we 
designed a versatile method that enables facile and accurate measurement of GABA by the CCFPS assay 
combined with transaminase-mediated synthesis of alanine from GABA. After conversion of GABA into alanine 
by a transaminase, the concentration of generated alanine was measured based on the activity of cell-free 
synthesized reporter protein. The modular nature of this method enables the use of a variety of measuring 
instrument by programming the assay solution with the genes of appropriate reporter proteins. Depending on the 
experimental settings and demanded sensitivity, for example, the assay can be customized to measure GABA 
concentration by fluorescence, luminescence, and electric signals. Our results demonstrate that the translational 
machinery can be harnessed to convert a metabolic analyte to readily measurable reporter proteins. 
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 O209   Engineering Bacteroides thetaiotaomicron to Produce Non-native Butyrate Based on a Genome-
scale Metabolic Model-guided Design 
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Bacteroides thetaiotaomicron represents a major symbiont of the human gut microbiome that is increasingly 
viewed as a promising candidate strain for microbial therapeutics. Here, we engineer B. thetaiotaomicron for 
heterologous production of non-native butyrate as a proof-of-concept biochemical at therapeutically relevant 
concentrations. Since B. thetaiotaomicron is not a natural producer of butyrate, we heterologously expressed a 
butyrate biosynthetic pathway in the strain, which led to the production of butyrate at the final concentration of 
12 mg/L in a rich medium. Further optimization of butyrate production was achieved by a round of metabolic 
engineering guided by an expanded genome-scale metabolic model (GEM) of B. thetaiotaomicron. The in 
silico knock-out simulation of the expanded model showed that pta and ldhD were the potent knock-out targets 
to enhance butyrate production. The maximum titer and specific productivity of butyrate in the pta-ldhD double 
knockout mutant increased by nearly 3.4 and 4.8 folds, respectively. To our knowledge, this is the first engineering 
attempt that enabled butyrate production from a non-butyrate producing commensal B. thetaiotaomicron. The 
study also highlights that B. thetaiotaomicron can serve as an effective strain for live microbial therapeutics in 
human. 
 
Keywords : bacteroides thetaiotaomicron, genome-scale metabolic model, flux-balance analysis, butyrate, 
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 O210   Development of Serum-free Medium for Chinese Hamster Ovary Cell Line 
Producing Recombinant Protein 
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Fetal bovine serum (FBS) has been used as an essential supplement in mammalian cell cultures. However, serum-
containing media have some disadvantages such as unclear composition, poor reproducibility and high risk of 
microbial contaminations. Recently, serum-free media has gained attention due to its uniform ingredients, 
excellent stability, and reproducibility. In this study, we developed serum-free media for recombinant Chinese 
hamster ovary (CHO) cells using design of experiments (DoE). Significant factors were selected using plackett-
burman design, and the fractional factorial design was used to examine interactive effects of adopted components. 
In the optimal condition, the rCHO cells successfully showed higher maximum viable cell density up to 
29x105 cells/mL on fourth day. Also, the optimization of components concentration was carried out by the 
response surface methodology for enhancing growth of rCHO cells. 
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 O301   3D Visualization and Quantification of Bioplastic Polyhydroxyalkanoate (PHA) in a Living 
Bacterial Cell through 3D Holographic Microscopy 
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As plastic pollution has been emerging as a serious environmental problem, polyhydroxyalkanoates (PHAs) have 
been attracting much attention. PHAs are biodegradable natural polymers accumulated in the form of insoluble 
granules within numerous microorganisms and can be used for various applications such as disposable products, 
packaging, and medical uses. Despite great advances in PHA research, spatiotemporal characteristics of PHA 
granule formation in a live bacterial cell are not well understood due to technical limitations. Here, we observed 
and quantitatively analyzed how PHA granule is being accumulated in living bacteria cells through 3D 
holographic microscopy. A deeper understanding of PHA granule formation in vivo is now possible, which will 
help develop efficient microbial plastic factories.  
**This work was supported by the Technology Development Program to Solve Climate Changes on Systems 
Metabolic Engineering for Biorefineries (NRF2012M1A2A2026556 and NRF-2012M1A2A2026557) and by the 
Bio & Medical Technology Development Program (No. 2021M3A9I4022740) from the Ministry of Science and 
ICT through the National Research Foundation of Korea. 
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 O302   Synthetic Cell-to-cell Communication for Stable Production of Value-added Chemicals from 
Carbon Monoxide 
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Carbon monoxide (CO) is a promising carbon source to produce value-added biochemicals via microbial 
fermentation. However, its bio-conversion has been challenging due to difficulties in genetic engineering of CO-
utilizing microorganisms and, more importantly, maintaining CO consumption which is negatively affected by 
the toxicity of CO and accumulated byproducts. To overcome these issues, we devised mutualistic microbial 
consortia, consisting of Eubacterium limosum and genetically engineered Escherichia coli for the production of 
3-hydroxypropionic acid (3-HP) and itaconic acid (ITA). During the co-culture, E. limosum assimilated CO and 
produced acetate, a toxic by-product, while E. coli utilized acetate as a sole carbon source. We found that this 
mutualistic interaction dramatically stabilized and improved CO consumption of E. limosum compared to its 
monoculture. Consequently, the improved CO consumption allowed successful production of 3-HP and ITA from 
CO. This study is the first demonstration of value-added biochemical production from CO using a microbial 
consortium. Moreover, it suggests that synthetic mutualistic microbial consortium can serve as a powerful 
platform for the valorization of CO. 
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 O303   Fabrication of PLA/Sodium Alginate/phycocyanin Based Fibrous Membrane Coated Marine 
Collagen for Bone Tissue Regeneration 
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Research on nano and micro scale membranes for help tissue regeneration has been extensively performed. Many 
studies have reported the application of tissue engineered membranes fabricated by various synthetic and natural 
polymers on bone tissue regeneration application. In this study, we fabricated a composite nano fibrous membrane 
using phycocyanin extract from Spirulina maxima, polylactic acid (PLA), and sodium alginate (SA) and 
subsequent hydrophilize surface modification by fish collagen extracted from Paralichthys ovlivaceus. In vitro 
studies showed that the phycocyanin was cytocompatible and increased the expression of alkaline phosphatase 
(ALP) and mineralization though MC3T3-E1 cells. Micrographs of PLA, PLA/sodium alginate (PLA/SA), 
PLA/calcium alginate (PLA/CA), PLA/calcium alginate/phycocyanin (PLA/CA/PC), PLA/calcium 
alginate/collagen/phycocyanin (PLA/CA/PC/Col) membranes obtained from scanning electron microscope 
showed uniform fibrous architecture with finely deposited collagen. The surface water contact angle of each 
membrane was gradually decreased from 118°, 64°, 50°, 24°, to 22° with respect to PLA, PLA/SA, PLA/CA, 
PLA/CA/PC and PLA/CA/PC/Col membranes. Cell adhesion was observed through fluorescence staining, and 
Alizarin Red S staining was used to confirm cell differentiation and bone formation in the membrane. Micro-CT 
and histomorphological evaluation of in vivo skull bone formation mice models further indicated an expedite bone 
tissue regeneration with respect to PLA/CA/PC/Col membrane compared to PLA membrane.Overall, the results 
confirmed that the PLA/CA/PC/Col nano fibrous membrane was a potential tissue engineer substitute for bone 
tissue regeneration applications. 
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 O304   Bioconversion of Formaldehyde into Ethylene Glycol Using a Productive Whole Cell Biocatalytic 
Cascade 
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Ethylene glycol (EG) is a bulk chemical that is mainly used as an anti-freezing agent and a raw material in the 
synthesis of plastics. Production of commercial EG mostly relies on chemical synthesis using fossil resources. 
Biochemical production of EG from renewable resources may be more sustainable [1, 2]. Herein, we have 
examined a strategy for the biosynthesis of EG from formaldehyde. First, we selected glyoxylate carboligase 
from Escherichia coli K-12 (EcGCL) as glycolaldehyde synthase [3]. EcGCL catalyzes the condensation of two 
molecules formaldehyde into glycolaldehyde with high thermostability. The variants were constructed to enhance 
the catalytic efficiency by engineering active site and substrate entrance site based on crystal structures and 
substrate docking simulation. The best variants (i.g., EcGCL_R484M/N283Q/L478M) exhibited catalytic 
efficiency (kcat/KM) of 5.2 M−1·s−1. This value is ca. three-fold greater than that of the EcGCL wild type. Second, 
we have chosen (S)-1,2-propanediol oxidoreductase (FucO) from E. coli for the production of EG from 
glycolaldehyde. The catalytic efficiency of FucO for formaldehyde and glycolaldehyde as substrate showed that 
0.05 and 10 mM-1∙s-1 respectively. Using the recombinant E. coli co-expressing EcGCL and FucO, EG was 
produced to a concentration of 0.41 g/L (6.6 mM) from 20 mM formaldehyde. The conversion reached ca. 66%. 
The presented studies provide the basis for a new strategy for the production of high value C2 chemicals from C1 
chemicals 
 
Keywords : glyoxylate carboligase, 1,2-propanediol oxidoreductase, formaldehyde, glycolaldehyde, ethylene 
glycol, Escherichia coli 
 
References 
1. Alkim, C., Cam, Y., Trichez, D. et al., Microbial Cell Fact 14, 127, 12934-015-0312-7 (2015). 
2. Desmons, Sarah, Régis Fauré, and Sébastien Bontemps, ACS Catalysis 9(10), 9575-9588(2019). 
3. Kaplun, A., Chipman, D.M., Barak, Z., Vyazmensky, M., Shaanan, B., Nature Chemical Biology 4, 113-118 

(2008). 
 
  

154



Convergence of Biotechnologies in the 4th Industrial Revolution Era2021 한국생물공학회 추계학술발표대회 및 국제심포지엄
2021 KSBB Fall Meeting and International Symposium

 O305   Antioxidant and Anti-aging Potential of a Peptide Formulation (Gal2-Pep) Conjugated with 
Gallic Acid 
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Skin is highly vulnerable to premature aging due to external stress, therefore, in this study, a peptide formulation, 
(galloyl)2-KTPPTTP (Gal2-Pep) was synthesized by combining TPPTTP peptide, and gallic acid (GA). All 
peptides were synthesized on 2-chlorotrityl chloride resin using solid-phase peptide synthesis (SPPS), and 
analyzed on an electrospray ionization (ESI)/quadrupole-time-of-flight (Q-TOF) tandem mass spectroscopy (MS) 
system. Initially, Gal2-Pep showed no toxicity below the concentration 100 µM with cell survival rate of 88% for 
keratinocytes and fibroblasts. The reactive oxygen species (ROS) scavenging activity of Gal2-Pep was more stable 
compared to GA alone; and after four weeks at room temperature, its ROS scavenging activity remained higher 
than 50%. Moreover, the peptide formulation, Gal2-Pep also exhibited elastase inhibitory effect in CCD-1064Sk 
fibroblast cells. Based on the results of RT-qPCR, it was proved in this study that Gal2-Pep increased the 
expression of PGC-1α to prevent oxidative stress, and validated its potential as an anti-aging agent through 
increasing the expression of type I collagen and by decreasing the expression of matrix metalloproteinase-1 
(MMP1). The findings obtained reinforce the suggestion that the peptide formulation synthesized in this study 
could be used as a natural antioxidant and anti-aging agent for its cosmetic applications. 
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 O306   Versatile Formate Production through Enzyme-catalyzed Carbon Monoxide Hydration Reaction 
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Carbon monoxide is hugely emitted from industrial processes as a part of waste gas in modern age. This research 
suggests the CO (carbon monoxide) hydration reaction which works at room temperature without additional 
energy supply and even produce versatile formate. This reaction is catalyzed by the combined action of CODH 
(CO dehydrogenase), FDH (formate dehydrogenase) and electron mediator. The CODH oxidizes CO to 
CO2 (carbon dioxide) through water split and yields electrons which subsequently used to reduce electron 
mediators. Then, the reduced mediators transfer electrons to FDH catalyzing the CO2 to formate. Isotope analysis 
of 13CO and D2O supports the production of formate from CO. As a result, no additional energy is necessary 
because CO was the sole source of electron as well as CO2. Furthermore, this reaction system was robust to 
produce over 1 M of formate and stable reusability was shown with real LDG (Linz-Donawiz converter gas) from 
Hyundai Steel without any pretreatment by using mutated enzyme with enhanced O2 tolerance. 
 
Keywords : carbon monoxide, carbon dioxide, ethyl viologen, CO hydration, carbon monoxide dehydrogenase, 
formate dehydrogenase, formate 
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 O308   Enzymatic Conversion of CO2 Reduction into Molar-scale Formate in the Flow Cell 
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Electrochemical CO2 reduction is a challenging issue for its fixation and utilization toward carbon-neutralization. 
Despite excellent catalytic activity and selectivity, electrochemical CO2 reduction by enzymes has progressed 
rather slowly relative to that by electrochemical catalysts due to poor O2-tolerance and the undesirable 
reversibility. In this study, we report efficient and scalable production of formate on a molar concentration level 
by electrochemical reduction of pure CO2 and even real waste gas of steel mill using a formate dehydrogenase 
(FDH) from Methylobacterium extorquens AM1 (MeFDH1). Electrochemical analyses demonstrated that 
remarkable characteristics of MeFDH1 (e.g., high affinity for reduced electron mediators, limited reversibility, 
and high O2-tolerance) allow for such notable utility. To apply this system in industrial field, the flow cell system 
is essential. Unlike batch system, flow cell allows the reaction system to be continuous to produce formate and to 
modulate each component (e.g., immobilized enzyme, electrolyte volume, the structure of cathode cell) 
independently. In further, ion-exchange (IEX) resin was set up for in-situ separation of produced formate from 
electrolyte selectively. Due to the reversibility of FDH activity, increased concentration of formate in the 
electrolyte led to decline CO2 reduction rate. in-situ separation in flow cell system proved that dominant factor 
for declined productivity in CO2 reduction is from reversible product inhibition, exhibiting a stable current in 
long-term operation. This result suggested not only efficient in-situ separation process but also the long-term 
stabilization of formate productivity. 
 
Keywords : formate, FDH, electrochemical, flow cell, ion exchange 
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 O309   A Study on the Encapsulation of High-stability Melanin-degrading Decolorization Enzyme Using 
Microfluidic System Cosmetic Manufacturing Apparatus 

 
Namcheol LEE, Jina BAIK, Minyoung LEE, Moonsun CHO, Taek Jin KANG, Sung-Kyu HONG 
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Corresponding Author Email : hsk5457@dongguk.edu 
 
In general, enzymes with a whitening effect are water-soluble and lose their activity or their activity is lowered 
when they contact with oxygen in the air. In addition, the pH and temperature of cosmetics also affect the activity 
of the whitening enzyme. Therefore, in this study, a W/O/W multi-capsule was prepared using fat-soluble semi-
solid oil, which is widely used in cosmetics, as a wall material for a water-soluble whitening enzyme to maintain 
the activity of the whitening enzyme. As a result, the size of the capsule manufactured by the cosmetic 
manufacturing apparatus is 300-900μm, and at room temperature, it maintains its shape in a solid or semi-solid 
state. In addition, there is little irritation to the skin, and when applied to the skin, the capsule quickly turns into a 
liquid and is easily absorbed into the skin. At room temperature, it was confirmed that the water-soluble whitening 
enzyme was not released to the external water phase and that contact with oxygen was blocked, so that the enzyme 
activity could be maintained for a long period of time. 
 
Keywords : cosmetic manufacturing apparatus, palm oil, whitening enzyme, W/O/W 
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 O310   Reversibly Cross-linked Hydrogels with Enhanced Mechanical Properties Using Amphiphilic 
Elastin-like Polypeptide (ELP) Copolymers 
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Elastin-like polypeptides (ELPs) are stimulus-responsive protein-based biopolymers and  some ELP block 
copolymers exhibit the temperature-triggered self-assembly into a micelle. In this study, triblock ELPs that contain 
a hydrophobic block, a hydrophilic block, and a metal binding block were examined. The construction of 
hydrophobic-core micelles.and the physical property changes during the micelle formation were investigated. 
These spherical nanoparticles were observed to be stable by hydrophobic interactions and subsequently to form a 
hydrogel when zinc ion was added. These hydrogels exhibited unique rheological behavior and viscoelastic 
properties. It is anticipated that these hydrogels with enhanced mechanical properties have potential in a variety 
of biomedical applications. 
 
Keywords : elastin-like polypeptide (ELP), amphiphilic block copolymer, self-assembly, metal binding, hydrogel 
 
  

160



Convergence of Biotechnologies in the 4th Industrial Revolution Era2021 한국생물공학회 추계학술발표대회 및 국제심포지엄
2021 KSBB Fall Meeting and International Symposium

 
 
 
 
 
 
 
 

 
 
 
 
 
  

[O1-4] 부문위원회 및 학생세션 IV 

161



Convergence of Biotechnologies in the 4th Industrial Revolution Era2021 한국생물공학회 추계학술발표대회 및 국제심포지엄
2021 KSBB Fall Meeting and International Symposium

 O401   Fabrication of Levan-based Electrospun Nanofibers with Adhesion Property 

 
Young Hoon SONG, Jeong Hyun SEO 
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The electrospinning process is a simple and effective method for manufacturing nano- and micro-scale fibers. It 
is also known to provide for the formation of various types of fiber assemblies and mimic the natural structure of 
the extracellular matrix. Levan is found in various microorganisms and plants, mainly composed of d-
fructofuranosyl monomers linked by β-(2→6) glycosidic bonds and has characteristics such as adhesion, 
biocompatibility and film-forming ability. In addition, bioactive functions such as anti-tumor and antioxidant have 
attractive properties as functional materials for the manufacture of scaffolds and carriers required in the biomedical 
field. In this study, nanofiber composite was prepared by electrospinning with a levan having adhesion ability and 
bioactivity. The levan-based nanofiber matrix composed of non-crosslinked and crosslinked by citric acid 
treatment confirmed adhesion ability, mechanical properties, and biocompatibility. As a result, the nanofiber 
composite showed excellent adhesion, mechanical properties, and biocompatibility. It has shown the possibility 
of functional materials required in fields such as bioengineering and tissue engineering. 
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 O402   Multi-level Rebalancing of the Naringenin Biosynthetic Pathway Using Synthetic RNA 
Biosensors 
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Recombinant microbes have emerged as promising alternatives to natural sources of naringenin—a key molecular 
scaffold for flavonoids. In recombinant strains, expression levels of the pathway genes should be optimized at 
both transcription and the translation stages to precisely allocate cellular resources and maximize metabolite 
production. However, the optimization of the expression levels of naringenin generally relies on evaluating a small 
number of variants from libraries constructed by varying transcription efficiency only. In this study, we introduce 
a systematic strategy for the multi-level optimization of biosynthetic pathways. We constructed a multi-level 
combinatorial library covering both transcription and translation stages using synthetic T7 promoter variants and 
computationally designed 5′-untranslated regions. Furthermore, we identified improved strains through high-
throughput screening based on a synthetic naringenin riboswitch. The most-optimized strain obtained using this 
approach exhibited a 3-fold increase in naringenin production, compared with the parental strain in which only 
the transcription efficiency was modulated. Furthermore, in a fed-batch bioreactor, the optimized strain produced 
260.2 mg/L naringenin, which is the highest concentration from glycerol and p-coumaric acid reported to date. 
Collectively, this work provides an efficient strategy for the expression optimization of the biosynthetic pathways. 
 
Keywords : flavonoids, riboswitch, multi-level expression optimization, synthetic biology 
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 O403   Iron-clad Complex Coacervate Based Tough Coating of Metalloprotein in Mussel Byssus 
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The cuticle of byssus, a stiff yet extensible coating, has a biphasic ultra-structure with soft-elastic granules 
embedded in a hard matrix. The role of the distributed granules in the matrix has been proposed as a stress-damper, 
however, their physicochemical fundamentals have been poorly explored. Here, we report a toughening process 
of the cuticle via coacervation and metal-coordination of mussel foot protein-1, a major metalloprotein in the 
mussel cuticle. We found, when the positively charged self-coacervate of mfp-1 meets positive Fe3+ cation, the 
positively charged mfp-1 coacervate transforms into the oppositely charged complex coacervate with charge 
neutralization due to the formation of Fe3+-catechol coordinate complex. Transition from the like-charged 
coacervate to oppositely charged coacervate due to Fe3+ results in stiff enhancement of the mechanical properties, 
i.e., 30-fold in viscosity, 16-fold in elasticity, and 20-fold in cohesive energy. And thiol-rich reducing condition 
provides reversible yet strong sacrificial bonds inside the oppositely charged coacervate. Thus, the neutral mfp-
1-Fe3+ complex coacervates, which are granular-like soft-elastomers, induce energy dissipation and self-healing 
for toughening during tension. And they can switch from the pre-stressed state to repeat stress-damping. The 
results may provide strategies for the design of tough nature-inspired materials. 
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 O404   Peptide-directed Photocrosslinking for Site-specific Conjugation of Native Antibody 
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Antibody-based conjugates have become an essential component in a variety of applications from immunoassays 
especially to drug conjugates because of their proven efficacy and selectivity to target cancer cell. Herein, we 
describe a peptide-directed photo-crosslinking reaction as a novel site-specific conjugation method of IgG using 
an Fc-binding peptide and a photoreactive amino acid analogue for generation homogeneous IgG-toxin 
conjugates. 
 
Keywords : site-specific conjugation of IgG, immunotoxin, Fc-binding peptide, photo-active amino acid 
analogue 
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 O405   Microfluidic Model to Investigate Effects of Hypoxic Hepatocytes on Normoxic Proximal 
Tubular Cells 
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Hepatocytes which are responsible for the main function of the liver require a large amount of oxygen. The liver 
is oxygenated by blood flow into the central vein and form a lobule structure that forms oxygen gradients. 
Therefore, the liver is vulnerable to hypoxic environments such as hypoxemia and low perfusion which can cause 
hypoxic hepatitis. Hypoxic hepatitis can affect the surrounding environment and affects kidney. According to 
several studies, patients suffering from hypoxic hepatitis could have been afflicted with seriously suffering 
chronical kidney disease at a high possibility [1]. Therefore, it is important to develop an in vitro model to study 
liver and kidney interactions in hypoxic environment. We designed an oxygen scavenger line to induce a hypoxic 
environment on microfluidic device that connects liver and kidney in series. Oxygen scavenger line induced 
hypoxic environment using sodium sulfate (40mM) and cobalt chloride (0.01mM). The oxygen concentration was 
measured through platinum octaethylporphyrin(PTOEP) film and it was confirmed that the oxygen partial 
pressure dropped below 3%. [2] The cytotoxicity through the LDH assay was up to 7.6 times higher than that of 
the control under hypoxic conditions, which showed a similar trend in the results of the live-dead cell assay. 
Hepatocytes exposed to hypoxia showed a tendency to increase glucose uptake rates and glycogen synthesis. In 
the microfluidic device including the liver and kidney cells, when only the hepatocytes were exposed to a hypoxic 
environment, it was confirmed that this condition increased injury markers, glucose uptake rates and glycogen 
synthesis of the kidney cells.  
** This study was funded by Natural Research Foundation of Korea, as the Basic Research Laboratory Program 
(1711119453). 
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 O406   Temperature and Light-induced 3D Bioink Development 
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A three-dimensional (3D) bioprinting technology has shown the high potential of personalized printing of human 
organs. Metals and ceramics have been exploited for prosthetics, and synthetic polymers have provided soft tissue 
materials. However, due to harsh printing conditions, direct printing of those materials into damaged tissues has 
been limited. In this sense, protein- or polysaccharide-based bioink printing under the mild condition is expected 
to solve these problems, if it overcomes some challenges related with low viscosity, slow sol-gel transition, and 
lack of mechanical properties. In this study, iota-carrageenan(CG) and silk fibroin(SF) blend was chosen as a 
bioink. The CG has a temperature-induced sol-gel transition in 10 minute, and it increases viscosity. As for SF, it 
provides durable mechanical properties based on the dominant β-sheets and light activated covalent dityrosine 
bonds. The CG/SF bioink surmounted difficulties mentioned above, and presented adequate extrudability layer-
by-layer for high 3D resolution. The modulus of constructs was around 250 kPa, which is comparable with skin, 
bladder, and cornea. 
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The needs of hemostat have continuously been increased to precisely control excessive bleeding to avoid severe 
hemorrhage, which causes dehydration, oxygen deficiency, and even leads to death. There have been a variety 
types of topical hemostatic agents, such as QuikClot, PerClot and Arista. The QuikClot is a zeolite-based 
hemostat, and the latter two are starch-based second-generation hemostat with absorbable properties. Herein, 
starch was blended with silk protein. Starch has high swelling capacity and enhances hemostasis by coagulation 
of neighboring proteins and platelets, and the silk contributes to mechanical durability. The silk protein was 
cleavaged into ~130 kDa, to provide increased water-solubility to homogeneously blend well with starch solution. 
The crosslinks within silk, and between silk and starch were induced by glycerol, and the secondary structure of 
silk analyzed by FTIR. The incorporation of starch into silk with highly connected networks provided improved 
shape retention and blood coagulation through accelerating initial clotting time and reinforcing maximum clot 
strength without significant hemolysis. 
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 O408   Destruction of Tissue Architecture Induced by Dust Particles in Inkjet Bioprinted Alveolar 
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Atmosphere dust particles travel into our body via the airway and cause damages to our respiratory system, which 
causes severe respiratory diseases. Therefore, the need for studies to analyze the effects of dust particles on the 
respiratory system has been emphasized. However, most studies about the toxicity of dust have been carried out 
in two-dimensional cell culture, animal models, and epidemiological investigations. To figure out how dust can 
cause respiratory disease, it is necessary to examine using a reliable three-dimensional structured model, which 
mimics human nature alveoli. In this study, we applied atmospheric dust particles in dose- and time-dependent 
manner on our previously developed three-dimensional alveolar barrier, which is generated by the inkjet 
bioprinting process. As results, we observed destruction of tissue architecture along with cell death in our 
engineered alveolar barrier. Based on the damages in cellular levels, we observed increased pro-inflammatory 
cytokines, which trigger the signal transduction pathway leading to the activation of transcription factors. As 
cascades of release of cytokines, we confirmed a degradation of extracellular matrix, which might induce a 
collapse of the structure, loss of cell polarity, and a decreased barrier tightness. We further investigated pulmonary 
surfactant protein-related genes in dust-treated alveolar tissue then we could estimate the possible harmful effect 
of dust on pulmonary surfactant dysfunction. This study demonstrated the physiological impact of dust on 
cytotoxicity effects, alveolar barrier rigidity, and surfactant secretion using inkjet bioprinted alveolar barrier in 
gene expression level. Additionally, it has been demonstrated that dust can have serious consequences that can 
lead to the collapse of the tissue structure. We expect that this strategy using in vitro inkjet bioprinted 3D alveolar 
barrier can be a useful tool for identifying pollutant exposure-related diseases. 
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 O409   Enhancement of Osteogenic Differentiation of Mesenchymal Stem Cells Using Size-controlled 
Graphene Oxide 
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There is increasing interest in studying stem cell differentiation through cellular physical stimulation which can 
be translated into cell-recognized tension. It has been known that physical stimulation can direct human 
mesenchymal stem cell differentiation which called mechanotransduction. Recently, graphene oxide (GO), major 
derivative of graphene, has been synthesized as promising material which has suitable physico-chemical 
characteristics for stem cell lineage specification. GO can interact with integrin, the transmembrane receptor 
protein, through electrostatic, hydrophobic interactions. However, GO used in previous stem cell research has 
used GO with an irregular morphology and size. Such irregularity of GO causes diverse cellular responses 
according to lateral sizes of GO. In this study, we fabricated graphite mechanically with narrow size distribution 
by adjusting the ball-milling time. Then, size-controlled GO sheets were chemically synthesized from ball-milled 
graphite using modified Hummer’s method. Size distribution of GO were measured by DLS analysis. Dose-
dependent cytotoxicity of the size-controlled GO sheets on bone-marrow derived human mesenchymal stem cells 
(BM-hMSCs) was observed. The interaction between GO sheet and BM-hMSCs was analysed with TEM and 
SEM. Also, effect of GO with osteogenic differentiation of hMSCs were measured by staining and qRT-PCR. 
Also, by analyzing the shape and size of the cells through immunostaining and western blotting, we confirmed 
that focal adhesion was key component involved in promoting osteogenic differentiation. We suggest that the 
size-controlled GO sheets would be efficient candidate for enhancement of osteogenic differentiation of hMSCs. 
 
Keywords : stem cell differentiation, graphene oxide, mesenchymal stem cell, osteogenesis 
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Tumor necrosis factor-related apoptosis-inducing ligand (TRAIL) is a cytokine that causes cell apoptosis, i.e., cell 
death, upon specific binding to the death receptor highly expressed on the surface of tumor cells but minimally 
on normal cells. Therefore, TRAIL has a potential as a targeted anticancer agent. However, its functionally active 
form, homo-trimer, is non-covalently associated and susceptible to decomposition. Nevertheless, efforts are being 
made to stabilize the trimeric conformation and further improve its efficacy by designing TRAIL oligomers which 
stimulate superclustering of the death receptors and subsequently amplify apoptotic signaling pathways. Here, we 
have constructed a novel hexameric TRAIL scaffold consisting of two complementary single-chain TRAILs 
(scTRAIL), each of which was expressed separately in bacterial system and assembled by simple mixing. We 
employed the microscale thermophoresis to examine the affinity of the scaffold towards the death receptor, as 
well as the strength of self-assembly. In vitro and in vivo studies have shown strong therapeutic efficacy of the 
scaffold in TRAIL-resistant U87-luc cells and HCT116-luc xenografted mouse model. 
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 O501   Enhancement of Outdoor Mass Production of Algal Biomass by Microdroplet-based Screening of 
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Microalgae, considered as a fascinating bio-platform for CO2 capture, can be used as cell factories for sustainable 
production of value-added products1. To increase the feasibility of the microalgae process, outdoor mass 
cultivation has been conducted but the variable sunlight can be the major obstacle to achieving this goal2. Here, 
we cultivated Chlamydomonas reinhardtii mutant cells in microfluidic-based microdroplet photobioreactor to 
effectively deliver simulated sunlight conditions to individual cells3. For screening of fast-growing mutants, gel 
microdroplets were separated through the density gradient centrifugation. We selected a mutant with mutations in 
the SNF2 (sucrose non-fermentable 2) which showed 1.85-fold increase in cell growth with enhanced 
photosynthetic efficiency in fluctuating light. After field culture using natural sunlight and industrial CO2 near the 
power plant, the mutant exhibited improvement of biomass productivity and calorific value, a crucial fuel 
performance, by 34.38% and 16.82%, respectively. This approach can maximize the outdoor productivity by 
boosting sunlight utilization of the photosynthetic microorganisms. 
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Propionic acid is an industrially relevant organic acid used in various applications like food, agricultural, and 
pharmaceutical industries. However, petrochemical based unsustainable propionic acid production leads to the 
development of microbial bioprocess from renewable substrates like lignocellulosic biomass. Levulinic acid is a 
γ-keto acid (C5) platform chemical produced by acid-catalyzed dehydration and the hydrolysis of sugars obtained 
from lignocellulosic biomass without using expensive hydrolytic enzymes. The metabolic pathway of levulinic 
acid utilization was discovered in Pseudomonas putida strain and further used for levulinic acid-based biorefinery 
to produce biologically diverse chemicals. Moreover, P. putida is recognized as a safe microbial host and is 
emerging as a next-generation industrial workhorse due to its metabolic versatility and remarkable tolerance to 
oxidative stress, organic solvents, and aromatic compounds. In present work, levulinic acid assimilation pathway 
of P. putida EM42 strain was directed to produce propionic acid by blocking side pathways and its interconversion 
into propionyl-CoA. Further, levulinic acid-inducible expression system was used to express metabolic genes for 
propionic acid production. Metabolic engineered P. putida strain was used to optimize the bioprocess for higher 
production yield of propionic acid. This study revealed the exploitation of levulinic acid catabolic pathway from P. 
putida as an alternative route for the sustainable and industrial production of propionic acid. 
 
Keywords : levulinic acid, Pseudomonas putida, metabolic engineering, propionic acid 
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 O503   Chitosan/oleamide Nanofluid for Enhancing Gas Utilization Efficiency in C1-gas Bioconversion 
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Microbial biotransformation using C1-gases (CH4, CO) is a notable technique for sustainable, carbon-neutral 
chemical and fuel production. However, the low mass transfer coefficient (KLa) of C1-gases in biological 
processes has hampered the efficient production of value-added materials, despite efficient, nonnative strains 
having been recently developed. Here, we constructed a nanofluid material mainly composed of chitosan and 
oleamide (CS/OA), which was stably suspended with a particle size of 120.7 ± 39.0 nm in aqueous culture media 
below pH 7.5. The kLa value was enhanced more than 1.5-fold with a reduction of surface tension even in the 
0.0001 % (w/v) CS/OA nanofluid. In addition, when the nanofluid was applied into media for seed-cultivation of 
three C1-gas utilizing strains such as Methylomonas sp. DH-1, M. trichosporium OB3b, and Thermococcus 
onnurineus NA1 156T, the CS/OA nanoparticles attached to the cell surface, leading to a morphological change 
in the cell surface at extended lag-phase, and enhanced the specific cell growth rates (μmax), gas utilization 
efficiency in log-phase. Remarkably, the adapted strains from the seed culture using the CS/OA nanofluid media 
also had enhanced μmax in a subsequent subculture and the main culture using conventional culture media, 
resulting in higher C1 gas consumption, cell growth, and metabolite production such as formate and succinate. 
These results showed that the CS/OA nanofluid could be an effective medium component to enhance the gas 
utilization efficiency in C1-gas microbial bioconversion.Microbial biotransformation using C1-gases (CH4, CO) 
is a notable technique for sustainable, carbon-neutral chemical and fuel production. However, the low mass 
transfer coefficient (KLa) of C1-gases in biological processes has hampered the efficient production of value-
added materials, despite efficient, nonnative strains having been recently developed. Here, we constructed a 
nanofluid material mainly composed of chitosan and oleamide (CS/OA), which was stably suspended with a 
particle size of 120.7 ± 39.0 nm in aqueous culture media below pH 7.5. The kLa value was enhanced more than 
1.5-fold with a reduction of surface tension even in the 0.0001 % (w/v) CS/OA nanofluid. In addition, when the 
nanofluid was applied into media for seed-cultivation of three C1-gas utilizing strains such as Methylomonas 
sp. DH-1, M. trichosporium OB3b, and Thermococcus onnurineus NA1 156T, the CS/OA nanoparticles attached 
to the cell surface, leading to a morphological change in the cell surface at extended lag-phase, and enhanced the 
specific cell growth rates (μmax), gas utilization efficiency in log-phase. Remarkably, the adapted strains from the 
seed culture using the CS/OA nanofluid media also had enhanced μmax in a subsequent subculture and the main 
culture using conventional culture media, resulting in higher C1 gas consumption, cell growth, and metabolite 
production such as formate and succinate. These results showed that the CS/OA nanofluid could be an effective 
medium component to enhance the gas utilization efficiency in C1-gas microbial bioconversion. 
 
Keywords : chitosan-based nanoparticles, nanofluid, methane (CH4), carbon monoxide (CO), mass-transfer 
enhancement, microbial biotransformation 
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meso-galactarate, a platform chemical of bioplastic, is converted by some pathogenic bacterial uronate 
dehydrogenase (udh) from D-galacturonic acid, which is abundantly present in pectin-rich biomass. Although 
microbial meso-galactarate production has been mostly studied based on filamentous fungi, an optimal platform 
has not been developed for yeast Saccharomyces cerevisiae, despite its large capacities such as high acid tolerance 
and rapid growth. The purpose of present study is to develop an S. cerevisiae strain that can efficiently 
convert meso-galactarate. Three different udh genes and overexpression of one of them were completely 
introduced by Cas9-genome editing in S. cerevisiae, allowed the conversion of meso-galactarate completely 
without specific transporter of D-galacturonic acid. Moreover, the additional expression of the dicarboxylic acid 
transporter gene in the meso-galactarate producing strain showed higher meso-galactarate production efficiency. 
The final engineered strain showed a high titer of meso-galactarate from citrus peel waste hydrolysate. Through 
this study, we can suggest that the possibility as a platform host to utilize pectin-rich biomass. 
 
Keywords : lignocelluolsic biomass, mucic acid, CRISPR/Cas9, microbial bioconversion 
 
References 
1. Jeong et al., (2021) Recent advances in the biological valorization of citrus peel waste into fuels and 

chemicals. Bioresource Technology. 323:124603. 
2. Jeong et al., (2020) Simultaneous fermentation of galacturonic acid and five-carbon sugars by engineered 

Saccharomyces cerevisiae. Bioresource Technology. 295:122259. 
 
  

176



Convergence of Biotechnologies in the 4th Industrial Revolution Era2021 한국생물공학회 추계학술발표대회 및 국제심포지엄
2021 KSBB Fall Meeting and International Symposium

 O505   Application of Response Surface Methodology for Mass Production of Erwinia Phages 
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Recently, the outbreak of fire blight, a devastating disease in rosaceous plant such as pear and apple which are 
major crop in South Korea, has been reported. The disease is caused by Erwinia amylovora, which has global 
economic importance and only a small arsenal of control measures, many of which are environmentally harmful. 
As a natural antagonist of bacteria, bacteriophages (phages) have recently been suggested as alternatives of 
traditional treatments. Indeed, commercial products of phages have been confirmed their safety and are widely 
used in the agricultural sector. With the increasing number of fire blight outbreak cases in South Korea, effective 
control agent including phages is urgently needed. Previously we isolated dozens of phages specifically infect E. 
amylovora for the effective control of the disease outbreak. To meet the urgent demand, we investigated and 
applied response surface methodology for the mass production of Erwinia phages. The optimization of yield 
for Erwinia phages through the response surface methodology has great potential for upscaling the phage 
production in industrial settings. 
** This research was funded by the Rural Development Administration, Republic of Korea (PJ04965022021). 
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 O506   Development of Pure Mixotrophic Culture System of Haematococcus pluvialis Using Ca2+-
mediated Biomineralization Method 
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Currently, there is a lack of an efficient, environmentally-benign and sustainable industrial decontamination 
strategy to steadily achieve improved astaxanthin production from Haematococcus pluvialis under large-scale 
outdoor conditions. Here, this study demonstrates for the first time that a CaCO3 biomineralization-based 
decontamination strategy (CBDS) is highly efficient in selectively eliminating algicidal microorganisms, such as 
bacteria and fungi, during large-scale H. pluvialis cultivation under autotrophic and mixotrophic conditions, 
thereby augmenting the astaxanthin productivity. Under outdoor AT and MT conditions, the average astaxanthin 
productivity of H. pluvialis using CBDS in a closed photobioreactor system was substantially increased by 14.85- 
(1.19 mg L− 1 d− 1 ) and 13.65-fold (2.43 mg L− 1 d− 1 ), respectively, compared to the contaminated H. 
pluvialis cultures. Given the exponentially increasing demand of astaxanthin, a natural anti-viral, anti-inflam-
matory, and antioxidant drug, CBDS will be a technology of interest in H. pluvialis-based commercial astaxanthin 
production which has been hindered by the serious biological contaminations. 
 
Keywords : Haematococcus pluvialis, Astaxanthin, Algicidal microorganism, CaCO3 biomineralization-based 
decontamination strategy, Mixotrophic culture mode 
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 O507   Regiospecific Biosynthesis of Oxylipins from Renewable Fatty Acids by Using Novel Bacterial 
Lipoxygenase from Enhygromyxa salina 
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Lipoxygenase (LOX) is the key enzyme involved in the regio- and stereoselective synthesis of oxylipins [1]. The 
oxylipins, a group of structurally diverse and biologically active oxygenated molecules, are essential signaling 
messengers involved in human physiological responses [2]. Herein, we discovered bacterial LOX 
from Enhygromyxa salina (Es-LOX) with unique regiospecificity. C18-polyunsaturated fatty acids (PUFAs) were 
converted to 9S-form products, indicating that the regiospecificity of Es-LOX differs from that of other bacterial 
LOXs. The catalytic efficiency (kcat/KM) was the highest for Linoleic acid. The kcat/KM of linoleic acid was 1.51 
s-1 μM-1, which was 2.4-fold higher than the second favored substrate ɣ-linolenic acid. The Es-LOX was 
engineered to improve the solubility by fusion with maltose binding protein (MBP), which led to the synthesis of 
target products with high-conversion. For instance, 100 mM linoleic acid was transformed into 83 mM 9S-
hydroxy-(10E,12Z)-octadecadienoic acid by the recombinant Escherichia coli BL21(DE3) pb4-Es-LOX and 
tris(2-carboxyethyl)-phosphine (TCEP). In addition, we produced the secondary fatty alcohol [i.e., 8S-hydroxy-
(9E,11Z)-heptadecadiene] from the hydroxy fatty acid [i.e., 9S-hydroxy-(10E,12Z)-octadecadienoic acid] by 
using a single whole-cell biocatalyst, coexpressing Es-LOX and photoactivated decarboxylase from Chlorella 
variabilis. This study will contribute to the development of biotransformation processes for the synthesis of 
diverse fatty acid derivatives. 
 
Keywords : biotransformation, 9S-lipoxygenase, photo-activated decarboxylase, linoleic acid, 9S-hydroxy-
(10E,12Z)-octadecadienoic acid, 8S-hydroxy-(9E,11Z)-heptadecadiene 
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 O509   Directed Evolution of Alpha-ketoglutaric Semialdehyde Dehydrogenase for Enhancing the 
Catalytic Activity toward 3-hydroxypropionaldehyde 
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3-Hydroxypropionic acid (3-HP) is one of the key building blocks which is a precursor of diverse value-added 
chemicals and can be used as an additive or preservative agent in the food industry. The molecule can be produced 
by a simple biological pathway: dehydration of glycerol to 3-hydroxypropanal (3-HPA) by glycerol dehydratase 
and then oxidation to 3-HP by aldehyde dehydrogenase. Despite successful production of 3-HP through this 
pathway, several problems including the toxicity of the 3-HPA hamper the 3-HP production by industrial 
permissive level. To solve the issues we had engineered α-ketoglutaric semialdehyde dehydrogenase (KGSADH) 
from Azospirilum brasilense for enhancing the catalytic activity toward 3-HPA with small-size library(~2 * 104). 
For screening better mutants with respect to catalytic activity toward 3-HPA than previous KGSADH mutants, 
we have made a large-size library that 5 residues were mutated simultaneously and screened the library via a 3-
HP selection system followed by NADH absorbance-based 96well plate screening. After selection and screening, 
we got the mutant which has 4.65-fold higher activity toward 3-HPA than wild-type. Furthermore, the mutant has 
a higher preference toward C2-C3 carbon aldehydes than wild-type. In particular, the recombinant P. 
denitrificans strain harboring the mutant exhibited 1.3-fold higher 3-HP titer and specific activity than that with 
the wild-type. MD simulation results showed that mutations in the mutant stabilized the loop area and lowered 
the binding pocket entry, which could lead to an increase in catalytic activity. 
 
Keywords : 3-hydroxypropionic acid, aldehyde dehydrogenase, directed Evolution, enzyme engineering, 
molecular dynamic simulation 
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Soybean peroxidase(SBP) is known as an enzyme that has extremely high thermodynamic stability among plant 
peroxidase. SBP has a Tm of 83.5 °C in neutral pH. In particular, the elimination of heme results in the considerable 
decrease of Tm which is more than half as low as that of holoprotein of SBP. This means that interactions between 
heme and neighboring residues can contribute to high thermodynamic stability of SBP. Based on this experimental 
observation, the interactions of heme and neighboring residues of PcLiP01 were investigated by superimposing 
3D structures of SBP and PcLiP01. As a result, Tm of single mutant was 9.8°C higher than that of the wild type. 
Also, synergetic effect of multiple mutants was expected by combination of single mutants that have higher 
thermodynamic stability and Tm of double mutant has about 12.1 °C higher than that of the wild type. Moreover, 
mutants expected to have the newly formed interaction with heme did not significantly disrupt the catalytic activity 
of PcLiP01. Through this approach, higher thermodynamic stability of enzyme and application in enzyme industry 
are expected. 
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 O601   Bio-based Production of Various Porphyrins and Derivatives in Engineered Corynebacterium 
glutamicum and Its Application 
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Porphyrins, a class of heterocyclic macrocycle compounds, are of significant interest in a variety of areas such as 
cosmetics, medicals, food, and renewable energy. They play pivotal roles in living organism as a prosthetic group 
for respiration and photosynthesis as well as in industries as functional and valuable materials. Here, we 
developed Corynebacterium glutamicum overproducing porphyrins and derivatives by systems metabolic 
engineering. First, flux redistribution of TCA cycle toward L-glutamate and aminolevulinic acid was performed 
to enhance carbon flux toward porphyrin metabolism. Second, the heme biosynthesis pathway was upregulated 
by overexpressing the global transcriptional regulator involved in iron and heme homeostasis. Third, systematic 
consolidation of precursor pathways based on thermodynamic information and engineering of the noncanonical 
downstream pathway substantially enhanced heme production. These results showed the highest production titer, 
yield, and productivity of each porphyrin reported to date. Finally, porphyrins produced from engineered C. 
glutamicum were applied to make the bio-inspired material. Thus, the bio-based production of porphyrins using 
engineered C. glutamicum strains could be an efficient alternative strategy to achieve sustainable, eco-friendly, 
high-yield and economical production. 
 
Keywords : porphyrins, heme, systems metabolic engineering, Corynebacterium glutamicum 
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The production of biobased bulk chemicals from renewable bioresources could minimize the negative impacts of 
conventional chemical-based productions on the environment and the challenges posed by depleting resources of 
natural petrochemicals. Pseudomonas putida strain KT2440 is a prominent metabolic engineering and synthetic 
biology chassis for industrial and medical applications because of its robustness and metabolic versatility. 
Inducible and tuneable expression systems are essential for microbial production of biochemicals. Here, carbon 
source- or substrate- inducible promoter systems for P. putida KT2440 strain were developed. The systems can 
be induced by the low-cost substrates such as glucose, xylose, levulinic acid and 3-hydroxypropionic acid. These 
substrates can be used as the potent starting material for both cell growth and production of a wide range of 
biochemicals. The systems are tuneable and controllable. LvaR/PlvaA and XutR/PxutA systems were sensitive even 
at low concentration of levulinic acid (0.1 mM) and xylose (0.5 mM), respectively. As the efficiency of the 
reported systems were very much comparable with the conventional chemical inducible systems, their limitations 
such as high cost, cell toxicity and difficulties in downstream process could be avoided. Hence, the newly 
investigated promoter systems are highly useful for the expression of the target genes in the widely used synthetic 
biology chassis Pseudomonas putida KT2440 for industrial and medical applications. 
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Controlling the size of liposome has critical roles in drug delivery system1. Various size of pure lipid vesicles 
ranging 50-400 nm were synthesized according to flow rate ratio (FRR) in two solvents, ethanol and IPA. In 
ethanol, smaller liposomes were obtained due to its low viscosity and high diffusivity. Three-dimensional 
numerical simulation suggests a parameter predicting liposome size with a linear relation as a characteristic of for 
self-assembly which interpret the experimental results not only according to FRRs but also solvents. Moreover, 
the effect of membrane rigidity is also analyzed by adding cholesterols and short-chain phospholipids. On addition 
of cholesterols, the membrane properties were enhanced so that the size of liposomes increased from 40 nm to 
530 nm. On the other hands, interposition of short-chain lipids disarranged the alignment of bilayer membrane, 
which enabled the membrane to be degraded so that the size of liposome decreases. On addition of the short-chain 
lipids the size of liposome linearly decreases but the gradient is slightly low comparing to the addition of 
cholesterol (130-230 nm). 
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 O604   Design of Poly(acrylic acid)-calcium Phosphate (PAA-CaP) Passivated TiO2 Nanoparticles for 
pH-responsive Drug Delivery and Photodynamic Therapy Applications 
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Combining nanoparticle-based drug delivery system (NDDS) with photodynamic therapy is one of strategies for 
effective cancer therapy. We successfully synthesized poly(acrylic acid)-calcium phosphate passivated TiO2. 
TiO2@PAA-CaP NPs exhibited higher loading capacity higher than unfunctionalized TiO2 NPs, and DOX-loaded 
TiO2@PAA-CaP NPs released more DOX in acidic conditions than in neutral conditions. In-vitro cell viability 
tests revealed that DOX loaded TiO2@PAA-CaP NPs exhibited efficient toxicity and cellular uptake towards 
MCF-7 cancer cells, likely due to pH-triggered efficient DOX release characteristics at acidic (pH ~ 5) cellular 
environments. PDT tests revealed TiO2@PAA-CaP NPs under UV irradiation generated similar intracellular ROS, 
and exhibited cytotoxicity towards MCF-7 cancer cells comparable to un-functionalized TiO2 NPs; however, in 
the case of BEAS-2B normal cells, passivated TiO2 under UV irradiation produced lower ROS and showed lower 
cytotoxicity than the raw TiO2 NPs. DOX loaded TiO2@PAA-CaP NPs under UV irradiation exhibited overall 
higher cytotoxicity likely due to synergistic effects of efficient NDDS and enhanced PDT characteristics of 
TiO2@PAA-CaP NPs. 
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In this study, we fabricated polyvinyl alcohol(PVA) hydrogels containing diphlorethohydroxycarmalol (DPHC) 
from Ishige okamurae for its anti-bacterial effect in wound-dressing applications. The minimum inhibitory 
concentration and minimum bactericidal concentration of DPHC against S. aureus and P. aeruginosa were 
investigated, and these were found to be about 128 and 512 μg/mL. PVA hydrogels loaded with different 
concentrations of DPHC were then produced for the dressing of wounds. The antibacterial activity of the 
PVA/DPHC hydrogels was tested against the gram-positive bacterium S. aureus and the gram-negative 
bacterium P. aeruginosa. The biocompatibility of the PVA/DPHC hydrogels was assessed using in vitro indirect 
and direct contact tests and in vivo tests on ICR mice. The PVA/DPHC hydrogels exhibited the ability to reduce 
the viability of S. aureus and P. aeruginosa by about 99%, while not producing any toxic effect on NHDF-Neo or 
HaCaT cells as shown. In addition, the PVA/DPHC hydrogels had a strong wound healing effect when compared 
to non-treated groups of ICR mice in vivo. This study suggests that the proposed hydrogel has significant potential 
for use in wound dressing. 
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Microfluidic approach stands in important position as an analytical tool in biological area due to its ability of high-
throughput screening. Here, we present a microfluidic device for antimicrobial susceptibility testing(AST) against 
bacteria in a single device. Integrating several flow-focusing channels as well as controlling the flow resistance 
of two aqueous phases, we could produce the cell-encapsulated droplets having linear concentration gradient of 
antibiotics. Using this strategy, we tested antibiotics against gram-negative strain E. coli O157:H7 and gram-
positive strain S. aureus to determine the minimum inhibitory concentration(MIC). Growth in droplets were 
quantified by counting the number of cells through fluorescence microscopy. Screening the growth profile of cells 
in droplets having different concentration of antibiotics resulted in MIC determination in only 4-6 h using our 
device. These results show that our platform has the great potential to be used for AST with other pairs of bacteria 
(i.e. gram-positive bacteria) and antibiotics. 
 
Keywords : microfluidics, parallel droplet generation, concentration gradient, antibiotics, growth heterogeneity 
 
  

189



Convergence of Biotechnologies in the 4th Industrial Revolution Era2021 한국생물공학회 추계학술발표대회 및 국제심포지엄
2021 KSBB Fall Meeting and International Symposium

 O607   Homogeneous Acellular Matrix Film Bleaned Phlorotannints Prevent Post-implantation 
Inflammatory Responses 

 
Tae-Hee KIM1,2, Seong-Yeong Heo HEO2,3, Gun-Woo OH2,3, Won Sun PARK4, Il-Whan CHOI5, Hyun Wook 
KANG1,2,3, Hyun-Woo KIM2,3,6, Young-Mog KIM2,3,7, Sung-Han JO1, Sang-Hyug PARK1,3, Won-Kyo JUNG1,2,3 
1Department of Biomedical Engineering and New-senior Healthcare Innovation Center (BK21 Plus), Pukyong 
National University, Busan, Korea, 2Marine integrated Biomedical Technology center, The National Key Research 
Institutes in Universities, Pukyong National University, Busan, Korea, 3Research Center for Marine-Integrated 
Bionics Technology, Pukyong National University, Busan, Korea, 4Institute of Medical Sciences, Department of 
Physiology, Kangwon National University School of Medicine, Chuncheon, Korea, 5Department of Microbiology, 
College of Medicine, Inje University, Busan, Korea, 6Department of Marine Biology, Pukyong National University, 
Busan, Korea, 7Department of Food Science and Technology, Pukyong National University, Busan, Korea 
Corresponding Author Email : wkjung@pknu.ac.kr 
 
Peritendinous adhesion mainly occurs between proliferating fibrous tissues and adjacent normal organs after 
surgery. Many physical barriers are applied to the implanted site to prevent peritendinous adhesion. However, 
these barriers often trigger an inflammatory responses. Therefore, out study sought to develop phlorotannins-
loaded cartilage acellular matrix films as a physical barrier and investigate their inhibitory effect on inflammatory 
responses, which are associated with the induction of postoperative peritendinous adhesion. Out findings indicated 
that incorporating phlorotannin into the cartilage acellular matrix film did not affect its unique characteristics 
including its thermal and spectroscopic properties. Moreover, the phlorotannins-loaded cartilage acellular matrix 
films suppressed the expression of inflammatory mediators on RAW 264.7 macrophages stimulated 
using Escherichia coli lipopolysaccharides and exhibited an anti-inflammatory effect when implanted 
subcutaneously in rats. Therefore, our results highlight the potential of phlorotannins-loaded cartilage acellular 
matrix films as a promising physical barrier to prevent postoperative peritendinous adhesion. 
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Coacervation is considered as a ubiquitous mechanism for assembling bio-molecular materials outside cells and 
organizing membraneless organelles inside cells. Despite the importance of mapping binodals to understand the 
driving forces and thermodynamics of coacervate, quantifying protein concentration within a droplet is 
significantly challenging owing to its dynamic and viscous nature. A direct imaging-based method is presented to 
quantify coacervate using real-time 3D quantitative phase imaging. The proposed method utilizes the 
measurements of the refractive index tomograms of individual coacervates and retrieves the protein concentration 
and volume of individual protein droplets exploiting light-scattering analysis. The retrievals of accurate protein 
concentrations are demonstrated in droplets, whereas conventional fluorescence-based techniques present 
underestimations. With its simple, direct, real-time, and quantitative analysis capability, the present method can 
be utilized in various protein analyses and quantifications for the study of coacervation both in vitro and in vivo. 
 
Keywords : biomolecular condensates, LLPS, coacervation, quantitative phase imaging 
 
  

191



Convergence of Biotechnologies in the 4th Industrial Revolution Era2021 한국생물공학회 추계학술발표대회 및 국제심포지엄
2021 KSBB Fall Meeting and International Symposium

 O609   Measuring Mechanical Cell Properties of Paclitaxel-treated MCF-7 Cells in a Monolayer 

 
Suhyang LEE1,2, Gayeon KIM3, Donghee JUNG3, Khawaja Muhammad Imran BASHIR1, Santanu Kumar 
BASU2, Mangi CHO1,3, Andreas WIERSCHEM1,2 
1Biorheology, LSTME Busan, Busan, Korea, 2Fluid Mechanics, Friedrich-Alexander-Universität (FAU), Erlangen, 
Germany, 3Energy Biotechnology, Dongseo University, Busan, Korea 
Corresponding Author Email : andreas.wierschem@lstme.org 
 
Cytoskeleton is the key element of cell proliferation. It regulates the size and shape of the cells, and it allows cell 
growth, division and locomotion. Cytoskeleton-affecting anti-cancer drugs work with interfering the proliferation 
by polymerization or depolymerization of cytoskeleton. To elucidate the mechanical impact of these drugs on 
cancer cells, we have measured the viscoelastic cell properties of MCF-7 cells in a monolayer with a ‘narrow gap 
rheometer’ after treatment with hydroxyurea and paclitaxel.  
Paclitaxel impedes depolymerization of the microtubule, which may have an impact on the cell mechanics. It acts 
cytotoxically at sufficiently high concentrations during the division cycle. To study living cells, we prevent the 
cells from division by using hydroxyurea, which arrests the cell cycle. To access the cell mechanics on the cell 
scale, we have improved the precision of commercial rheometers by about two orders of magnitude. Here, we 
focus on the impact of paclitaxel on the storage and loss moduli at different concentrations. 
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Currently various methods are being tried to treat tumor tissue. One of treatment is the photodynamic therapy 
(PDT). It generates reactive oxygen species (ROS), which directly induces apoptosis or necrosis of tumors. Many 
studies focused on changes in mitochondria or internal signaling. But there was no comparison between tumor 
and normal cell membranes about ROS effect, even though they affect membranes1. Therefore, we studied the 
response to ROS using planar lipid bilayer and liposomes to determine their effect on cell membranes in the 
environment in which ROS are produced. In the ROS environment, it was affected by lipid bilayer containing 
unsaturated lipids. In the symmetrical tumor cell lipid+bilayer, it showed only unstable appearance and was not 
destroyed because of ROS. On the other hand, asymmetric lipid bilayer that mimics normal cells and only consist of 
unsaturated lipid bilayer were observed to have a membrane destroyed in the ROS environment. In liposomes experiment, the 
most leakage occurred from a mimicking of an asymmetrical normal cell. As a result, we observed that mimicked normal cell 
membranes were most affected by ROS, and mimicked tumor cell membranes are relatively less affected. 
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Diagnostic technology has been rapidly innovated in speed, accuracy, and economy with the goal of suppressing 
and preventing the SARS-CoV-2 virus. The currently used diagnostic method is based on optical analysis, which 
is bulky and expensive. Label-free electrochemical diagnostic biosensor is a promising alternative since measuring 
electrical signals is significantly cheaper and simpler than the optical apparatus. By combining electrochemistry 
and PCR mechanisms, high economic efficiency and accuracy can be achieved at the same time. When an 
electrochemical probe is inserted in the PCR reaction tube and electrochemical measurement is performed, the 
precipitation by-products generated during the DNA amplification process are adsorbed on the surface of the 
metal sensor. The chemical change is easy to measure electrochemically. In this study, a module that enables 
impedance analysis during the PCR process is designed and fabricated. In order to simultaneously perform 
electrochemical analysis and PCR, sealing is essential when the sensor probe is inserted. Various types of module 
design was examined. The effect of the material for the sensor probe and PCR amplification chamber was 
analysed, and PCR amplification through electrochemistry was confirmed by gel-electrophoresis. The developed 
biosensor system will enable label-free, rapid, and affordable detection system for various infectious diseases. 
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Gold nanorod (GNR) has been applied in various fields, such as drug delivery and photothermal therapy. However, 
it is essential to accurately analyze the dangers of GNR and use them safely because new materials can have both 
potential and threats simultaneously. Therefore, this study was conducted to investigate the effects of GNRs on 
fibroblast cells and their causes and risks. First, GNRs’ aspect ratio and the zeta potential were 3.4:1 and - 42.2 
mV. In addition, GNRs absorbed 760 nm maximal wavelength. Second, GNRs at the picomolar levels promoted 
cell proliferation. Furthermore, GNRs at nanomolar levels were toxic to fibroblast cells. Third, GNRs generated 
reactive oxygen species (ROS), promoting or reducing cell viability depending on concentration. Therefore, GNRs 
of the appropriate concentrations could be applied in cosmetics that help skin recovery or promote wound healing. 
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In this study, we tried the biotransformation of phloretin using Bacillus subtilis spore displayed tyrosinase 
from Bacillus megaterium. Phloretin is mainly found in the root bark of apple trees and in apples where it acts as 
a natural antibacterial plant defense metabolite. The cell surface expression of tyrosinase was verified by flow 
cytometry using FITC labelled anti-His6tag antibody. After 7 hr of incubation at 37°C, we confirmed that 
phloretin was biotransformed into a new product by HPLC analysis. And It was further analyzed using LC/MSMS 
and 1H-NMR to be revealed as 3’-hydroxyphloretin. In addition, the spores were washed with Tris-HCl buffer 
and reused in the reaction. The biotransformation proceeded through 7 recycling reactions without showing any 
decrease of the enzymatic activity. 
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Heavy metals are becoming a worldwide problem because they are not degradable and accumulate in the food 
chain. In this study, we produced an artificially synthesized protein EC (a protein composed of a repeating 
structure of cysteine and glutamic acid) that selectively adsorbs heavy metals with divalent cations. ECs with 10, 
20, and 30 different lengths were expressed and the binding efficiency of each protein was examined. Then, each 
EC fragment was fused to Lpp-OmpA, which is frequently used for the surface display of E. coli, to examine the 
degree of heavy metal adsorption, and to compare the metal binding efficiency with the isolated proteins. Finally, 
we are trying to adjust the distance between Lpp-OmpA and EC protein to maximize the outer membrane 
expression. Until now, 10, 20, 30 EC proteins genes were prepared using Pre-RDL method and cloned into the 
expression vector fused with Lpp-OmpA gene. In addition, GFP was co-expressed between Lpp-OmpA and ECs 
to compare the heavy metal adsorption efficiency quantitatively. 
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Ootheca is the egg case of insects, notably of mantis, cockroach, or moth. It protects eggs from external threats, 
including temperature, humidity, or predator, by generating foam-like structures and reinforcing this sac-like 
foam. This reinforcement is triggered by calcium citrate-based calcium-protein complex and phenoloxidase-based 
sclerotization. The high porosity of biomaterial has provided increased surface area-to-volume ratio, high 
permeability for the diffusion, and effective encapsulation behavior, which are advantageous for the applications 
from electronics, absorbents, drug carriers, diagnosis, to implant materials. As for implant materials, ceramic and 
titanium has been dominantly utilized, which is brittle and barely degraded. In this study, the recombinant mantis 
protein that constructs ootheca was biosynthesized in Escherichia coli expression system, and reproduced as a 
foam using aeration as well as calcium citrate-based material reinforcement. The protein based porous biomaterial 
would provide flexible and biodegradable properties, which is different from the inorganic material, even durable 
in aqueous solution by its reinforcement mechanism mimics. 
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Previously, the mutant Lactobacillus plantarum GNS300 that increased exopolysaccharide production was 
isolated through random mutagenesis. L. plantarum GNS300 showed an 80% increase in exopolysaccharide 
production compared to the parental strain. The transcriptomic analysis revealed that genes associated with 
glucose uptake, such as PTS mannose transporter subunit IIAB, phosphoenolpyruvate-protein phosphotransferase, 
and glucokinase were up-regulated by 1.50, 1.48, and 1.78-fold, respectively. In addition, exopolysaccharide 
synthesis associated genes, such as UDP-glucose pyrophosphorylase, phosphoglucomutase, and UDP-glucose 4-
epimerase were upregulated by 1.16, 1.44, and 1.31, respectively. When alcohol dehydrogenase (ADH) activities 
were assayed, L. plantarum GNS300 showed 8.03 ± 0.01 U/mg protein of ADH activity, which was 20% higher 
than that of the parental strain. Moreover, when antioxidant activities were compared, L. plantarum GNS300 
showed of 46.51 ± 0.62 μM TE/g cell extract of antioxidant activity, which was 40% higher than that of the 
parental strain. Through a paper disk analysis, parental strain and L. plantarum GNS300 showed similar levels of 
antibacterial activity for gram-positive bacteria (Bacillus cereus, and Staphylococcus aureus) and gram-negative 
bacteria (Escherichia coli, Vibrio parahaemolyticus, and Salmonella typhimurium). 
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Glycerol dehydrogenase (GLDH), a NADH-dependent reductase, is involved in various reactions such as 
reduction of hydroxyacetone to 1,2-propanediol, dihydroxyacetone to glycerol, glycolaldehyde to ethylene glycol, 
and methylglyoxal to lactaldehyde, using NADH as a cofactor. Formate dehydrogenase (FDH) produces 1 mol of 
NADH while converting formate to CO2. Thus, many researchers have overexpressed FDH in biocatalysts for 
increasing NADH regeneration. In addition, NADH regeneration was further improved by fusing formate 
dehydrogenase and NADH-dependent enzymes by peptide linker to construct a bi-functional enzyme. Therefore, 
in this study, the bi-functional enzyme of FDH and GLDH fused by peptide linker was constructed to enhance 
NADH regeneration in biocatalysts, Methylorubrum extorquens AM1. Different peptide linker such as flexible 
peptide linker (GGGGS)n and rigid peptide linker (EAAAK)n, was inserted between FDH and GLDH, and 
expression of the bi-functional enzyme FDH-GLDH in M. extorquens AM1 was confirmed. The activity of FDH 
and GLDH in bi-functional enzyme that differed according to the type and length of peptide linker was also 
confirmed with comparison with free enzymes. 
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White-rot basidiomycetes produce several kinds of ligninolytic enzymes, and some of them have been proven 
efficacious for melanin decolorization. Therefore, in this study, we searched for a melanin decolorizing peroxidase 
from the liquid culture of Bjerkandera adusta. This liquid culture was maintained at 30℃ and 100 rpm until the 
maximum veratryl alcohol-oxidizing activity was reached. The enzyme preparation was sufficiently pure after 
tandem filtrations, and the characteristics of the enzyme were assessed using veratryl alcohol and melanin as 
substrates. Bjerkandera adusta peroxidase reported here could be utilized for cosmetic applications in the future 
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Pleurotus nebrodensis have been used as a traditional remedy and food source. Our study focuses on figuring out 
the possibility of Pleurotus nebrodensis as cosmetic materials. we examined anti-oxidant, anti-wrinkle, anti-
inflammation and whitening effects. The SOD-like activity was 69.7 ± 2.31 at 125 μg/mL, compared to the 
standard sample L-Ascorbic acid 1 mM 34.7 ± 0.79. It was 11.5 ± 0.27 mg/g Naringin base and 64 ± 1.45 GAE 
base asa measurement result of total flavonoid and total polyphenol contents. GME showed 24.5% (L-Tyrosine), 
16.6% (L-DOPA) of tyrosinase inhibition assay, respectively. In elastase inhibition assay showed 36.2% of 
inhibition at a concentrations 200 μg/mL, tyrosinase and elastase activation were found to inhibited dose-
dependent. As a result of measuring the collagen precursor pro-collagen type 1, the amount of collagen synthesis 
was 434 ng/mL at a concentration of 500 μg/mL. The higher the concentration of GME the greater the wrinkle 
reduction and whitening effects. Anti-inflammatory activites measured nitric oxide (NO) and cell viability in LPS-
induced macrophage RAW264.7 cell, it was found to inhibit NO production in a concentration-dependent manner. 
These results suggest ethanol extracted Pleurotus nebrodensis has excellent activities in the anti-wrinkle, anti-
inflammation and whitening. Therefore, it is believed to have industrial value as a functional cosmetic material 
and anti-aging related bio product material. 
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Harmful algal bloom (HAB) is an abnormal algal outbreak occurring in various aquatic environments, destroying 
the marine industry and ecosystem and damaging humans through the food web. To control HAB, it is critical to 
understand both the intracellular changes of the bloom-forming algae and their interactions with the symbiotic 
organisms. Here, we analyzed the metatranscriptome of the HAB comprising Margalefidinium 
polykrikoides (formerly Cochlodinium polykrikoides) with other bloom-associated microorganisms. Our compre-
hensive analysis predicted that M. polykrikoides in the HAB preferred propagation through asexual replication 
rather than reductive reproduction for fast blooming. In particular, the combined transcriptomic expression 
patterns of increased transcription, translation, mitosis, and asexual division with the decreased meiotic cell cycle 
genes such as MEI2 were found. The transcriptome analysis of M. polykrikoides analysis also showed evidence 
of free ferric species exchange under HAB conditions. Through the metatranscriptome analysis during HABs, we 
analyzed the bacterial community co-habiting with M. polykrikoides during HAB and further suggested potential 
roles of bacteria such as mutualistic, opportunistic, or even algicidal interactions. Notably, the abundant bacterial 
species are responsible for ferric ion exchange with algae. Collectively, our results provide a genetic understanding 
of the bloom compromising algae and algal-bacterial interactions.  
**Supported by the Korea Bio Grand Challenge (2018M3A9H3024759 to B.-K.C) 
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Acinetobacter baumannii is a nosocomial pathogen, and its biofilms are tolerant to desiccation, nutrient starvation, 
and antimicrobial treatment on biotic and abiotic surfaces, tissues, and medical devices. Biofilm formation by A. 
baumannii is triggered by a quorum sensing cascade, and we hypothesized that fatty acids might inhibit its biofilm 
formation by interfering with quorum sensing. Initially, we investigated the antibiofilm activities of 24 fatty acids 
against A. baumannii ATCC 17978 and two clinical isolates. Among these fatty acids, two unsaturated fatty acids, 
nervonic and oleic acid, at 20 μg/mL significantly inhibited A. baumannii biofilm formation without affecting its 
planktonic cell growth (MICs were >500 μg/mL) and markedly decreased the motility of A. baumannii but had 
no toxic effect on the nematode Caenorhabditis elegans. Interestingly, molecular dynamic simulations showed 
that both fatty acids bind to the quorum sensing acyl homoserine lactone synthase (AbaI), and decent 
conformational stabilities of interactions between the fatty acids and AbaI were exhibited. Our results demonstrate 
that nervonic and oleic acid inhibit biofilm formation by A. baumannii strains and may be used as lead molecules 
for the control of persistent A. baumannii infections. 
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Poly (lactic-co-glycolic acid) (PLGA) is a biodegradable polymer and the most used material for nanoparticles. 
PLGA show potential as drug delivery systems for both hydrophobic and hydrophilic drugs and release drugs in 
sustained manner. However, PLGA nanoparticles demonstrate rapid recognition by the mononuclear phagocyte 
program (MPS) and blood clearance during circulation. Here, we propose a one-layer lipid-coated PLGA 
nanoparticle (PLGA lipid NPs) to increase the stability of nanoparticles by preventing the opsonization effect and 
enhance the drug delivery efficiency for chemotherapy. The stability and intracellular uptake efficiency result 
confirmed that PLGA lipid NPs showed more stable size distribution over time than the PLGA nanoparticle 
without lipid coating (PLGA NPs) and improved cellular uptake levels. Also, the biodistribution results and tissue 
penetration efficiency of PLGA lipid NPs had higher tissue penetration efficiency than PLGA NPs. These findings 
suggest that the lipid coated PLGA nanoparticles could be suitable platform for drug delivery due to their 
demonstrated in vitro and in vivo efficiencies. 
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While the spread of COVID-19 worldwide is currently emerging as a serious social problem, mRNA vaccines 
with advantages such as rapid development speed and mutation responsiveness are being developed, showing 
hope for overcoming COVID-19. However, there is a difficulty in transporting and storing mRNA vaccines. We 
must transport and store mRNA vaccines at cryogenic temperatures because, outside the cryogenic conditions, 
particle aggregation and leakage occur, which reduces efficacy and causes side effects. Therefore, in order to 
quickly overcome the COVID-19 pandemic, it is necessary to improve the stability of mRNA vaccines at room 
temperature. 
In this study, through the low-temperature decompression concentration method and stabilizer, our goal is 
maintaining more than 90% of the initial efficacy of the mRNA vaccines at low temperature (2 ~ 8 ℃) for more 
than 3 months. The low-temperature decompression concentration method and stabilizer can save time required 
for producing mRNA vaccines and make mRNA vaccines more stable in low temperature (2 ~ 8 ℃). mRNA 
vaccines in good stability will reduce the difficulties caused by the existing transportation and storage problems 
and reduce the disposal of the vaccine due to temperature deviation during the breakdown of the freezer, so a great 
economic and social effects are expected. 
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Biofilms are communities of bacteria, fungi, or yeasts that form on diverse biotic or abiotic surfaces, and play 
important roles in pathogenesis and drug resistance. A generic saw palmetto oil inhibited biofilm formation 
by Staphylococcus aureus, Escherichia coli O157:H7, and fungal Candida albicans without affecting their 
planktonic cell growth. Two main components of the oil, lauric acid and myristic acid, are responsible for this 
antibiofilm activity. Their antibiofilm activities were observed in dual-species biofilms as well as three-species 
biofilms of S. aureus, E. coli O157:H7, and C. albicans. Transcriptomic analysis showed that lauric acid and 
myristic acid repressed the expressions of hemolysin genes in S. aureus, several biofilm related genes in E. coli, 
and hypha cell wall gene HWP1 in C. albicans, which supported biofilm inhibition. Also, saw palmetto oil, lauric 
acid, and myristic acid reduced virulence of three microbes in a nematode infection model and exhibited minimal 
cytotoxicity. Furthermore, combinatorial treatment of fatty acids and antibiotics showed synergistic antibacterial 
efficacy against S. aureus and E. coli O157:H7. These results demonstrate that saw palmetto oil and its main fatty 
acids might be useful for controlling bacterial infections as well as multispecies biofilms. 
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 PSP15   Inhibition of Biofilm Formation and Hyphal Growth of Candida albicans by Medium-chain 
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C. albicans biofilms are tolerant of conventional antifungal therapeutics and the host immune system. The 
transition of yeast cells to hyphae is considered a key step in C. albicans biofilm development, and this transition 
is inhibited by the quorum sensing molecule farnesol. We hypothesized that fatty acids mimicking farnesol might 
influence hyphal and biofilm formation by C. albicans. Among 31 saturated and unsaturated fatty acids, six 
medium-chain saturated fatty acids, that is, heptanoic acid, octanoic acid, nonanoic acid, decanoic acid, 
undecanoic acid, and lauric acid, effectively inhibited C. albicans biofilm formation by more than 75% at 2 µg/ml. 
These six fatty acids at 2 µg/ml and farnesol at 100 µg/ml inhibited hyphal growth and cell aggregation. The 
addition of fatty acids to C. albicans culture decreased the productions of farnesol and sterols. Furthermore, the 
down-regulations of several hyphal and biofilm related genes caused by heptanoic or nonanoic acid closely 
resembled the changes caused by farnesol. In addition, the most active nonanoic acid diminished C. albicans 
virulence in a Caenorhabditis elegans model. Our results suggest that medium-chain fatty acids more effectively 
inhibit hyphal growth and biofilm formation than farnesol. 
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Gene silencing using siRNAs can be a new potent strategy to treat many incurable diseases at the genetic levels. 
Treatments using siRNAs essentially require an efficient and safe method of delivering siRNAs into cells while 
maintaining stability. Herein, we designed novel synergistic fusion peptides, i.e., SPACE and oligoarginine. 
SPACE could interact with the cellular membrane via hydrogen bonding, and the oligoarginine could attract 
siRNAs electrostatically to form stable and self-assembled nanocomplexes. According to the results, the 
nanocomplexes showed evident cellular uptake and gene silencing of glyceraldehyde 3-phosphate dehydrogenase 
(GAPDH) via the lipid raft-mediated endocytosis pathway, even to the HDFn cells of the skin. Moreover, all the 
fusion peptides were biocompatible. Also, intratumorally injected nanocomplexes had increased the retention time 
of siRNAs at the site of the tumor. Finally, nanocomplexes demonstrated a significant in vivo gene silencing effect 
without overt tissue damage, inflammation, and immune cell infiltration. Thus, the new nanocomplex strategy 
could become a safe and efficient platform for delivering siRNAs into cells and tissues to treat various target 
diseases through gene silencing. 
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Cutibacterium acnes is a major colonizer and inhabitant of human skin and contributes to the pathogenesis of acne 
vulgaris. C. acnes either alone or with Staphylococcus aureus, which also inhabits skin, readily forms biofilms 
that are often tolerant of conventional antibiotics and the host immune system. In the current study, we investigated 
the antibacterial and antibiofilm activities of 24 saturated and unsaturated fatty acids (FAs) against C. acnes. 
Seventeen FAs at 20 µg/ml inhibited C. acnes biofilm formation by > 60%. The minimum inhibitory 
concentrations (MICs) of 20 FAs were > 500 µg/ml but four medium-chain FAs had MICs in a range 20 to 200 
µg/ml. Interestingly, myristoleic acid at 1 µg/ml inhibited biofilm formation with an MIC of 20 µg/ml, which was 
5-times lower than that of the anti-acne lauric acid. Myristoleic acid also inhibited the formation of S. aureus and 
mixed C. acnes/S. aureus biofilms. FAs reduced C. acnes hydrophobicity and we found this was generally 
correlated with their antibiofilm forming efficacies. This study shows myristoleic acid and other FAs inhibit 
biofilm formation by C. acnes and mixed biofilm formation by C. acnes and S. aureus. 
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Indole and its derivatives are widespread across different life forms, functioning as signalling molecules in 
prokaryotes and with more diverse roles in eukaryotes. A majority of indoles found in the environment are 
attributed to bacterial enzymes converting tryptophan into indole and its derivatives. The involvement of indoles 
among lower organisms as an interspecies and intraspecies signal is well known, with many reports showing that 
inter-kingdom interactions involving microbial indole compounds are equally important as they influence defence 
systems and even the behavior of higher organisms. Here, we discuss the role of microbial indoles in eukaryotes 
and current perspectives in human diseases and, indole derivatives as biomarkers of metabolic state for therapeutic 
opportunities. 
 
Keywords : indole derivatives, inter-kingdom signalling, tryptophan metabolites 
 
  

212



Convergence of Biotechnologies in the 4th Industrial Revolution Era2021 한국생물공학회 추계학술발표대회 및 국제심포지엄
2021 KSBB Fall Meeting and International Symposium

 PSP19   Review of pDNA Gene Delivery System 

 
Kyoungyeon OH1, Eunbi LEE1, Hyuncheol KIM1,2 
1Department of Chemical and Biomolecular Engineering, Sogang University, Seoul, Korea, 2Department of 
Biomedical Engineering, Sogang University, Seoul, Korea 
Corresponding Author Email : hyuncheol@sogang.ac.kr 
 
The field of research for an adequate delivery system for DNA and RNA delivery has been a 'hot pot' for several 
years. Nucleotide delivery systems for gene therapy may be classified into viral and non-viral vector systems. Of 
these, nanoparticle mediated non-viral gene delivery vectors go through the endocytosis process when the 
nanoparticles deposit into cells. Common non-viral vectors applied to DNA therapeutics are lipid nanoparticles, 
polymersomes, polyplexes, dendrimers, etc. However difficulties occurring from the low efficiency of endosomal 
escape of the nanoparticles is a major hurdle in gene delivery for all kinds of delivery cargos. If a DNA 
encapsulated nanoparticle fails to escape the endosome, the cargo goes through a degradation process by 
lysosomes and low drug delivery rate comes as a consequence. Therefore, techniques to overcome endosomal 
digestion is a key to successful development of DNA delivery systems. Studies using cell penetrating peptide 
(CPP) or osmotic pressure from ionic concentration gradation are being conducted as a breakthrough. 
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Vibrio parahaemolyticus is a food-borne pathogen recognized as the prominent cause of seafood-borne 
gastroenteritis globally, necessitating novel therapeutic strategies. This study examined the antimicrobial and 
antivirulence properties of indole and 16 halogenated indoles on V. parahaemolyticus. Among them, 4-
chloroindole, 7-chloroindole, 4-iodoindole, and 7-iodoindole effectively inhibited planktonic cell growth, biofilm 
formation, bacterial motility, fimbrial activity, hydrophobicity, protease activity, and indole production. 
Specifically, 4-chloroindole at 20 mg/mL inhibited more than 80% of biofilm formation with a minimum 
inhibitory concentration (MIC) of 50 mg/mL against V. parahaemolyticus and Vibrio harveyi. In contrast, 7-
chloroindole inhibited biofilm formation without affecting planktonic cell growth with a MIC of 200 mg/mL. 
Both chlorinated indoles caused visible damage to the cell membrane, and 4-chloroindole at 100 mg/mL had a 
bactericidal effect on V. parahaemolyticus within 30 min treatment, which is superior to the effect of tetracycline 
at the same dose. These results suggest that halogenated indoles have potential use in antimicrobial and 
antivirulence strategies against Vibrio species. 
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Recently, the Interleukin-23 p19 subunit (IL-23p19) activating interleukin 23 only has been found to play an 
important role in the inflammatory response of psoriasis. This study aimed to deliver the shRNA silencing IL-
23p19 with high specificity via self-assembled nanocomplexes for psoriasis treatment delivery. Nanocomplexes 
were formed by electrostatic attraction between fusion peptides and shRNAs and were confirmed by gel 
retardation assay. Moreover, the size and positive charge of nanocomplex were measured by DLS analysis. In 
addition, the stability of shRNAs in nanocomplex was tested under serum presence. Fluorescence imaging and 
flow cytometry analysis confirmed the cell permeability of the nanocomplex containing Cy3-labeled siRNAs into 
RAW 264.7 macrophage cells. Also, shRNAs via nanocomplexes effectively inhibited 34% of IL23-p19 mRNA 
expression in the cells. The fusion peptide did not reduce cell viability even at high concentrations in the cells. 
Thus, gene therapy based on nanocomplexes with IL-23p19 shRNAs could be effectively used to treat various 
related diseases, including psoriasis. 
 
Keywords : psoriasis, gene therapy, shRNA, peptide, immune system 
 
  

215



Convergence of Biotechnologies in the 4th Industrial Revolution Era2021 한국생물공학회 추계학술발표대회 및 국제심포지엄
2021 KSBB Fall Meeting and International Symposium

 PSP22   Non-invasive Cancer Diagnosis System Using C. elegans-on-a-chip and Odorant Markers 

 
Nari JANG1, Arvie Camille V. DE GUZMAN2, Shin sik CHOI1,2 
1Department of Food and Nutrition, Myongji University, Yongin, Korea, 2Department of Energy Science and 
Technology, Myongji University, Yongin, Korea 
Corresponding Author Email : sschoi@mju.ac.kr 
 
Early diagnosis of cancer is important to reduce the mortality rate of patients and to increase the success rate of 
treatment. Along with the early diagnosis, an easy, economical, rapid, non-painful and non-invasive diagnostic 
method is also required for reducing the number of severe cancer patients. Many researches have been recently 
studied to discover and identify an odorant molecule specifically from tumor tissues or cancer patients’ blood, 
saliva and exhaled breath. A previous study has suggested that 2-ethyl-1-hexanol might be a biomarker or one of 
the specific volatile organic compound (VOC) occurring in the lung cancer tissue and patient. In this study, we 
investigated a novel lung cancer diagnosis system using C. elegans, a nematode which responded to cancer-
specific odorant molecules with chemotaxis behaviors, attraction or avoidance. C. elegans wild-type strains 
showed a specific and typical chemotaxis behavior responding to the 2-ehtyl-1-hexanol and culture broth of 
normal lung cell (MRC-5) and lung cancer cell (SK-MES-1), respectively. However, the mutant strain defective 
in a specific odorant receptor gene (odr-3) lost those specific behaviors. Taken together, the olfactory sensing of 
odorant molecules from cacer tissue has a potential for an easy, economical, rapid, non-invasive cancer diagnostic 
tool. 
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In anticancer treatment, combination therapy is emerging to improve the insufficient anticancer efficacy off single 
therapies such as chemotherapy, photodynamic therapy (PDT), and sonodynamic therapy (SDT). Because free 
drugs are difficult to reach the target site due to degradation by enzymes in the body, drug delivery systems are 
being developed for combination therapy. However, nanocarriers such as microbubbles, albumin nanoparticles, 
and polymeric nanoparticles are unstable in the body and show low drug loading efficiency. Here, we propose 
polylactide (PLA)-poly (ethylene glycol) (PEG) polymersomes with a high drug loading rate for effective 
combination therapy. When irradiated with ultrasound, olymersomes with verteporfin and doxorubicin (VT-Dox-
PLs), a sonosensitizer and a chemotherapeutic agent respectively, combination therapy efficacy was confirmed 
on MIA paca-2 cells. Also, through tumor volume change and in vivo bio distribution, VT-Dox-PLs showed the 
most effective anticancer efficacy. These results suggest that combination therapy of SDT and chemotherapy 
could show novel anticancer effect by VT-Dox-PLs. 
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Fatty acids (FAs) have emerged as a potential alternative to conventional antibiotics. Since many microbes 
respond differently to a variety of natural and synthetic FAs, substantial efforts have been made to understand the 
unique features of FAs that function as antimicrobials at high doses and biofilm inhibitors at low doses. Here, we 
provide an overview of the emerging antibiofilm properties of FAs and their relations to virulence and quorum 
sensing, such as diffusible signal factors (DSFs), acyl-homoserine lactones, and autoinducer-2 systems. Several 
FAs mimic DSFs and control motility, fimbriae, hyphae, and biofilm development as well as virulence 
characteristics of diverse microbes. The findings of FAs as antibiofilm and antivirulence agents will provide a 
new paradigm to cope with recalcitrant pathogens. 
 
Keywords : antibiofilm, antivirulence, fatty acids 
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Multi-drug resistance (MDR), which is the phenomenon of showing resistance to anticancer drugs, is one of the 
major barriers in chemotherapy. MDR in cancer cells is often related to the overexpression of efflux pump 
receptors, such as P-glycoprotein (P-gp) and responsible for pumping out exogenous materials from cells. In this 
study, we have developed melittin and doxorubicin loaded polymersome (Mel-Dox-PL) composed of poly (lactic 
acid) (PLA)-hyaluronic acid (HA) (20k-10k) di-block copolymers for effective chemotherapy for MDR. Melittin 
is a basic peptide consisting of 26 amino acid and has the potential as a drug, but the cytotoxicity of melittin has 
been attributed to both cell necrotic and apoptotic cell. To overcome this problem, we loaded melittin in to 
polymersome which is a biologically stable drug delivery system. Also, since HA is the most specific ligand for 
CD44 activiation, the targeting of MDR cells through the CD44 receptor is possible. Our results show that Mel-
Dox-PL has a great potential as a novel carrier for MDR cells by regulating p-gp overexpression pathways. 
 
Keywords : multi-drug resistance(MDR), P-glycoprotein(P-gp), melittin, doxorubicin, polymersome, hyaluronic 
acid (HA), CD44 
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Due to the chemical and structural diversity of organic compounds, synthesis of the value-added chemicals 
strongly relies on microbial production in recent years, rather than a multi-step organic synthesis. In particular, 
there are at least 50,000 different terpenes, biosynthetic hydrocarbons, in nature, and their wide use in food, 
cosmetics, and even pharmaceutical industries necessitates genetically adaptable microorganisms, such as yeasts, 
enabling efficient and selective production of the high-value hydrophobic terpenes. However, the hydrophobic 
products are significantly lipotoxic, and their mass production is inevitably limited to the storage capacity of the 
cells. In this study, we demonstrate yeast metabolic engineering for greatly expanding the lipotoxic chemical 
storage by engineering subcellular lipid droplets (LDs). Because the LD, the hub of lipid metabolism, can 
sequester hydrophobic compounds into their core or phospholipid monolayer, we overexpressed or deleted LD-
associated genes to maximize the storage capacity of LDs in yeast. Based on our engineered yeast strain, we 
observed a dramatic increase in terpene production; the optimal strain succeeded in 6-fold larger production of 
triterpene, compared to the control strain, indicating that our LD remodeling strategy is indeed effective for 
improving bioproduction of value-added hydrophobic compounds. 
 
Keywords : reservoir remodeling, yeast engineering, value-added biochemicals 
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Methane has powerful potential as next-generation feedstock because it was buried in the status of shale gas over 
the world and cheaper than other feedstock like sugar. Methanotroph can utilize methane as sole carbon source 
and produce value-added materials such as succinic acid.  
 In this study, Methylomonas sp. DH-1, type I obligate methanotroph, was used to produce succinic acid. 
Succinate dehydrogenase gene was replaced with glyoxylate shunt genes (isocitrate lyase and malate synthase) 
using the cre-lox system integrated in genome of wild type strain. To improve microbial activities, adaptive 
laboratory evolution (ALE) was performed with the mutant strain. The new strain (CA40) showing improved 
methane consumption rate and faster growth than the parental strain was obtained by transferring cells 40 times. 
The maximum methane consumption rate of CA40 strain was 5.37mmol/L/h which was 1.23 times higher than 
that of wild type. Its maximum specific growth rate μ=0.29 increased 1.26 fold comparing to that of the parental 
strain (μ=0.23). Furthermore succinic acid titer was increased from 230.7mg/L to 323.07mg/L by 1.4 fold. In 
order to increase carbon flux toward TCA cycle further, the pyruvate carboxylase (pc) gene promoter of CA40 
strain was exchanged into the promoter of AYM39_18825, a new strong promoter selected based on RNA seq 
data. The increased protein expression from the new strong promoter was confirmed by putting the GFP gene 
under the control of this promoter. The mutant overexpressing the pc gene was grown in a 5L CSTR batch 
bioreactor. In this strain succinate production titer increased up to ~467.1mg/L which is 2.02 times higher than 
that of the parental strain. 
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Eubacterium limosum is one of important acetogenic bacteria for utilizing C1 feedstocks, such as CO2, CO, and 
methanol. Despite previous molecular level studies, systematic understanding of its metabolism has been limited. 
To unravel a complex metabolic network, a genome-scale metabolic model of E. limosum was reconstructed. 
Using its genetic information and BiGG, KEGG, and Metacyc databases, the model resulted in having 652 genes, 
937 reactions, and 855 metabolites. To improve the accuracy of the model, yeast extract supplementation required 
to grow E. limosum had to be avoided for accurate representation of chemical compositions of the growth media. 
Adaptive laboratory evolution of E. limosum was implemented under H2-CO2 condition in defined media without 
yeast extract. After updating the model and recalculating objective functions from the evolved strain, growth rate 
and production rate were accurately predicted and in accord with experimental data. The model and in 
silico simulation analysis will allow systematic understanding of acetogenic metabolisms and a rational approach 
to engineer strains that efficiently convert C1 substrates into multi-carbon products. 
** This work was supported by the C1 Gas Refinery Program (2018M3D3A1A01055733 to B.-K.C.) through the 
National Research Foundation of Korea funded by the Ministry of Science and ICT. 
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Terminal deoxynucleotidyl Transferase (TdT) is an extraordinary polymerase that has the ability to incorporate 
nucleotides into the 3’ end of oligonucleotide without a template, unlike the other DNA polymerase. TdT plays 
an important role in the diversity of the immune system of the vertebrate by adding nucleotides indiscriminately 
during V(D)J recombination. However, there is a possibility that TdT can encounter unusual-structured DNA 
during non-homologous end joining. In general, TdT prefers single strand DNA as a substrate so TdT may have 
difficult for recognizing unusual-structured DNA as substrate. Therefore, we investigated the enzymatic activity 
of TdT for each unusual-structured DNA that can be formed in vivo. In our result, it was observed that TdT activity 
shows without any effect on the single strand DNA and blunt end, 5’ overhang double strand DNA, but the activity 
of TdT was hampered in a specific structured DNA. Through our result, it was possible to investigate the activity 
of TdT on various secondary structure DNA. And also it can contribute to investigate the biological mechanism 
of TdT in vivo and expand the in vitro application of TdT. 
 
Keywords : terminal deoxynucleotidyl transferase, synthetic DNA, enzyme activity 
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Streptomyces avermitilis holds industrial importance as the producer of avermectin, a widely used anthelmintic 
agent. Despite its importance, S. avermitilis’ genome organization and regulation of gene expression remain 
poorly understood. To understand the genome-scale gene expression landscape, four types of next-generation 
sequencing techniques, including dRNA-Seq, Term-Seq, RNA-Seq, and Ribo-Seq, were exploited, determining a 
total of 1,601 transcription units (TUs) in S. avermitilis. Integrative analysis of the TU information with gene 
expression datasets revealed diverse regulatory elements, including promoters, ribosome binding sites and 
transcription terminators. The TU architecture also suggests the presence of novel small RNAs and cis-regulatory 
elements in the genome. Our findings will elevate S. avermitilis’ potential as a production host for a diverse set 
of secondary metabolites. 
** This work was supported by the Novo Nordisk Foundation (grant no. NNF10CC1016517 to B.P.). This work 
was also supported by the Bio & Medical Technology Development Program (grant no. 2018M3A9F3079664 and 
2021M3A9I5023245 to B.-K.C.) through the NRF funded by the MSIT. 
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The idea of synthetic biology involves application of metabolic engineering approaches to reprogram carbon flux 
toward the generation of compounds useful in industrial and domestic applications. Microalgae could be the best 
suited for such effort, as they are easily converted into cell factories for fuel and chemicals production. However, 
metabolic engineering in microalgae has been limited because specific transformation tools need to be developed 
for each microalgal species. To enable sequential addition or deletion of genes for multi-component metabolic 
engineering, the site-specific gene expression of Chlamydomonas induced by CRISPR-Cas9-mediated has been 
established in our laboratory (Kim et al. 2020). This knock-out method was performed by use of ribonucleoprotein 
(RNP) complex and desired DNA fragment. However, to employ this CRISPR-Cas system, a large amount of 
Cas9 protein is required. In this regard, Cas9 purification method using FPLC was established and the purified 
Cas9 was assessed in vitro and in vivo. As a result, the gene (CrFTSY) was targeted and the knockout mutants of 
CrFTSY gene were generated. These mutants displayed the pale green color and low chlorophyll content, which 
provide the easy screening of mutants by the observation of different color. The employment of our protocols 
using purified Cas9 was also assessed in different Chlamydomonas strain, which could be useful for broad aspects 
of biotechnological applications. 
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Corresponding Author Email : bcho@kaist.ac.kr 
 
Identification of transcriptional regulatory elements in the GC-rich Streptomyces genome is essential for the 
production of novel biochemicals from secondary metabolite biosynthetic gene clusters. We identified the 
transcriptional regulatory elements in β-lactam antibiotic-producing Streptomyces clavuligerus ATCC 27064 by 
determining transcript 3¢-end positions (TEPs) using term-seq. Termination of transcription was governed by 
three classes of TEPs, of which each displayed unique sequence features. The data integration with transcriptome 
data generated transcription units (TUs) and transcription unit clusters (TUCs). TU architecture showed that the 
transcript abundance in TU isoforms of a TUC was potentially affected by the sequence context of their TEPs. 
We also identified TU features of XRE family regulator and DUF397 domain-containing protein, showing the 
abundance of bidirectional TEPs. Finally, we found potential cis- and trans-regulatory elements that played a 
major role in 5' and 3'-UTR. These findings highlight the role of the regulatory elements in transcription 
termination and posttranscriptional processing in Streptomyces sp. 
** This work was supported by the Novo Nordisk Foundation (NNF10CC1016517), and the Bio & Medical 
Technology Development Program (2018M3A9F3079664) through the National Research Foundation of Korea 
(NRF). 
 
Keywords : streptomyces, transcription termination, term-seq, transcription unit, 3'-end untranslated region 
 
 
  

226



Convergence of Biotechnologies in the 4th Industrial Revolution Era2021 한국생물공학회 추계학술발표대회 및 국제심포지엄
2021 KSBB Fall Meeting and International Symposium

 PSP33   Cloning and Expression of Single-chain Variable Fragment Targeting Epidermal Growth 
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Antibodies have emerged as a promising tool for targeted cancer therapy. Until now, several antibody forms have 
been developed, such as monoclonal antibodies and single-chain variable fragments [1]. However, unlike 
monoclonal antibodies, single-chain variable fragments (scFvs) can be produced more efficiently in bacterial cells 
and penetrate tissues due to their small size [2]. Therefore, we cloned and produced the 14E1 single-chain variable 
fragment (14E1 scFv) targeting the epidermal growth factor receptor. In the cloning process, the DNA sequence 
of the 14E1 scFv was inserted into the pET23a vector for protein expression. As a result, the 14E1 scFv protein 
was expressed in E. coli BL21(DE3) by IPTG induction. Thereafter, a colony producing maximal 14E1 scFv was 
selected by dot blotting. SDS-PAGE and western blotting checked the protein size and majorly insoluble 
expression. Therefore, if the productivity and solubility of this protein would be resolved, the 14E1 scFv protein 
would be expected to use targeted treatment of EGFR-overexpressing cancers. 
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Estrogen receptor-positive (ER+) breast cancer accounts for about 70% of all breast cancer. A human-estrogen 
receptor alpha 36 (hER-α36) could become a new target to treat ER+ breast cancers. A single-chain fragment 
variable (scFv) can be used for targeted cancer treatment due to its strengths in bacterial expression and high 
specificity. Herein, we cloned and produced the recombinant anti-hER-α36 scFv in Escherichia coli. First, the 
anti-hER-α36 scFv gene was inserted into the pET23a vector for protein expression using restriction enzymes, 
XhoI and NdeI. Then, the transformed E. coli BL21(DE3) expressed anti-hER-α36 scFv. The appropriate colony 
for expression was selected by dot blotting. Then, the expressed protein was purified by His-tag purification. The 
recombinant protein was identified as a soluble protein of 28 kDa by dot blotting and Western blotting. Thus, the 
anti-hER-α36 scFv was easily produced in bacteria. However, it needs to study its specificity further. It might be 
useful to diagnose and treat breast cancer patients with anti-estrogen resistance. 
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HER2-positive breast cancer overexpressed the human epidermal growth factor receptor type2 that promotes the 
growth of cancer cells. In about 15% to 30% of breast cancers, HER2-positive breast cancer can be treated 
effectively and specifically using HER2 targeting antibodies. C6.5 scFv is a recombinant monoclonal antibody 
therapeutic that binds to HER2/neu. scFv has a smaller size than antibodies, it can be expressed in bacteria and 
has the advantage of being easily permeable to cancer from the inside of blood vessels. In this experiment, C6.5 
scFv was cloned and expressed in Escherichia coli strains. The C6.5 scFv gene was introduced into the pET23a 
plasmid, which was optimized for protein expression. Also, an expression colony 2-23 of E. coli BL21 (DE3) was 
selected out of a total of 60 colonies using dot blotting. C6.5 scFv was purified using His-tag affinity 
chromatography. Furthermore, the C6.5 scFv was identified as an insoluble protein with 28 kDa using SDS-PAGE 
and western blotting. After confirming the targeting of HER2-positive breast cancer by applying fluorescence to 
the C6.5 scFv, it will be possible to use it as a treatment method by linking a drug or protein. 
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The electrochemical biosensors with enzymes have always been an attractive research topic in various sectors of 
biology due to their high specificity and reproducibility. In this study, we suggest a novel cellulosome scaffolding 
based multi-enzyme platform for the detection of isopropyl alcohol (IPA) using electrochemical biosensing assay. 
Three enzymes namely alcohol dehydrogenase (ADH), NADH oxidase (NOX), and peroxidase were isolated and 
successfully overexpressed in E.coli BL21 Rosetta respectively. The ability of enzymes to catalyze NAD+/NADH 
was confirmed using the absorption spectrum at 340nm wavelength. From the results, it was confirmed that the 
rate of oxidization of NADH by NOX and the rate of reduction of NAD+ by ADH were approximately 3 folds 
compared to control. In the synergistic reaction, comparative to the individual curves i.e. logistic for ADH and 
decaying for NOX, a straight line parallel to the baseline was obtained which confirmed that NAD+ was reduced 
to NADH and can be used by NOX for further oxidation simultaneously. Taken together, this study can be a 
progression in the area of electrochemical biosensors for the detection of IPA. 
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Polyethylene terephthalate (PET) triggers environmental issues since it is hard to degrade due to its recalcitrant 
and hydrophobic properties. In this study, we suggest a novel PET degrading complex that possesses improved 
stability and binding ability toward PET for continuous degradation of PET. The complex is composed of PETase, 
lipase B (CALB), and mini cellulosome (mCbpA). First, the mode of reaction toward PET and bis(2-
hydroxyethyl) terephthalate (BHET) by single enzymes confirmed that the PETase produced intermediate 
containing BHET and mono (2-hydroxyethyl terephthalate) (MHET), but CALB produced terephthalate (TPA). 
These results demonstrated that there are two enzymes available for sequential degradation. Second, the complex 
containing the carbohydrate binding module (CBM) showed 68% enhanced binding ability towards PET. Third, 
the enzymatic degradation of PET is a prolonged process. Afterwards, we observed long-term stability at 30°C 
using BHET and confirmed the improvement in stability. Lastly, it was confirmed that the PET weight was 
decreased to 0.005g and 0.039mM of TPA was accumulated. This result showed approx. 4.5-fold of improvement 
compared to control. Taken together, this complex enhancing long-term enzymatic stability and binding affinity 
would be versatile to produce reusable TPA, upcycling, and reducing waste plastic in industry and environment. 
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Over the last century, the accumulation of carbon dioxide (CO2) which accounts for the largest portion of 
greenhouse gases in the atmosphere has provoked extreme global warming and environmental issues. To tackle 
these issues, carbon capture, utilization and storage (CCUS) technology has received considerable attention 
through all the related areas. In the field of CO2 conversion having an effect on CO2 valorization to valuable 
chemicals as well as removal, biocatalysts such as enzyme are promising due to their high specificity to substrate 
and ability of catalysis at mild conditions. Herein, we focused on CO2 reducing enzyme, formate dehydrogenase 
(EC 1.17.1.9) (FDH) which can reversibly catalyze CO2 reduction and formate oxidation. FDHs existed in a 
diverse array of organisms can be divided into NAD+-dependent and metal-dependent FDH. While metal-
dependent FDH is highly efficient for CO2 reduction to formate but requires strict anaerobic conditions, NAD+-
dependent FDH can be easily handled, but NADH are required as a natural cofactor. In this study, we attempted 
to investigate the availability of Candida methylica FDH(cmFDH) for electroenzymatic CO2 reduction to 
formate. Solid-binding peptide (SBP) was introduced at either N- terminus (gbp(N)-FDH) or C- terminus (FDH-
gbp(C)) via protein engineering to develop a stable enzyme immobilization at the enzyme-electrode interface. The 
recombinant FDH and the two synthetic FDHs are characterized for their biocatalytic activity. The results 
indicated that GBP fusion CmFDHs retain or improve their enzyme activities. Cyclic voltammetry (CV) result 
shows that the electrons can be directly transferred from FDHs to the electrode surface and vice versa for formate 
oxidation and CO2 reduction in the absence of NADH. 
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 P0004   L-Dopa Induces Thermogenesis in White Adipocytes via Activation of Dopaminergic and 
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In the present study, we explored that L-Dopa, used as a gold standard therapy in Parkinson's disease, induces 
browning in 3T3-L1 adipocytes by increasing the expression levels of beige-specific marker genes. In addition, 
exposure to L-Dopa induces a remarkable increase in the expressions of proteins involved in thermogenesis in 
white adipocytes. L-Dopa treatment also regulates 3T3-L1 adipocytes by markedly increasing protein expressions 
of p-AMPK, p-HSL, CPT1, ACOX1, while decreasing FAS, ACC, C/EBPα, and PPARγ, suggesting enhanced 
lipolysis and fatty acid oxidation as well as reduced lipogenesis and adipogenesis, respectively. Molecular docking 
studies elucidated that L-Dopa binds to DRD1 and β3-AR, thereby predicting the potential receptor candidates 
that activate PKA. Mechanistic studies indicate that the browning potential of L-Dopa in 3T3-L1 white adipocytes 
is mediated by DRD1 and β3-AR activation, which consequently stimulates the PKA/p38 MAPK/ERK signaling 
pathway. In conclusion, L-Dopa appears to be a promising therapeutic candidate in the fight against obesity due 
to its inherent role in the browning of 3T3-L1 adipocytes via both the dopaminergic and adrenergic pathways. 
Our results may assist to expand the understanding on the contradictory findings in literature, related to the 
association between L-Dopa and weight loss observed in Parkinson's disease patients. 
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 P0005   Loss of Lymphocyte Cytosolic Protein 1 (LCP1) Induces Browning in 3T3-L1 Adipocytes via β3-
AR and the ERK-Independent Signaling Pathway 
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Lymphocyte cytosolic protein 1 (LCP1) plays a vital role in non-hematopoietic malignancies, and is also a well-
known tumor biomarker; however, evidence regarding its function in adipocytes remains to be elucidated. The 
current study explores the physiological role of LCP1 in cultured 3T3-L1 white adipocytes, by applying the loss-
of-function study using siRNA. Induction of fat browning by LCP1 depletion was evidenced by evaluating the 
gene and protein expression levels of brown fat-associated markers through real-time qRT-PCR and immunoblot 
analysis, respectively. We observed that deficiency of LCP1 promotes mitochondrial biogenesis, and significantly 
enhances expressions of the core brown fat-specific genes (Cd137, Cidea, Cited1, Tbx1, and Tmem26) and 
proteins (PGC-1α, PRDM16, and UCP1). In addition, deficiency of LCP1 promotes lipid catabolism as well as 
suppresses adipogenesis and lipogenesis. Loss of LCP1 also ameliorates cellular stress by downregulating JNK 
and c-JUN in adipocytes, and stimulates apoptosis. A mechanistic study revealed that deficiency of LCP1 induces 
browning in white adipocytes, independently via β3-AR and the ERK signaling pathway. The current data reveals 
a previously unknown mechanism of LCP1 in browning of white adipocytes, and highlights the potential of LCP1 
as a pharmacotherapeutic target for treating obesity and other metabolic disorders. 
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 P0006   Genetically Encoded Biosensors for the GR-effector Screening 
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Cortisol plays an essential role in mediating stress and anti-inflammatory response. It is important to screen 
cortisol and its analogues to monitor stress levels and identify drug candidates. Novel cell-based biosensors have 
arisen as a promising platform for detecting targets. We used a glucocorticoid receptor (GR) fused split-intein and 
a counterpart split-intein pair, separated by a cellular compartment to fabricate sensor cells. Cortisol triggered 
conditional protein splicing (CPS) translocates fluorescence cargo to cytosol from the nucleus. The sensor cells 
showed exceptional performance with fast detection and discriminating functional analogues from the structural 
analogues of cortisol. The sensor cells can detect unknown GR-effectors in essential oils. Peppermint oil was 
revealed to contain GR-effector, and L-limonene was identified. Further analysis indicated L-limonene as a 
selective GR agonist, a potent anti-inflammatory agent that attenuates inflammatory response without causing 
notable adverse effects. The cell-based biosensor provides a valuable platform for GR-effector screening. It also 
suggests detecting targets in the native context, which holds large potential in drug discovery. 
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G protein-coupled receptor (GPCR) targeting drug development has been a major topic in the pharmaceutical 
industry over decades, while mainly chemical molecules are currently employed in the clinical field due to 
complexity in development schemes for contemporary biopharmaceutics. In developing a therapeutic antibody 
against GPCR, antigen preparation and its mass production are the main bottlenecks of the scheme. Here, we 
design E.coli-expressed reconstituted GPCR using a nanodisc platform and assemble a kit to screen antibodies. 
For antibody screening, indirect ELISA is the methodological basis in which antibody to identify serves as primary 
antibody, and an enzyme-conjugated secondary antibody serves as an indicator. We validated this kit by 
identifying a well-known therapeutic antibody, Mogamulizumab, to the cc-chemokine receptor 4 (CCR4)-
embedded nanodisc from a pool of antibodies against the CCR family. This new approach suggests that any type 
of fully reconstituted GPCR can be mass-produ0ced and used for screening purposes, shifting to the new paradigm 
in antibody drug discovery. 
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 P0008   Production of CXCR2 in E. coli and Reconstitution of Its Molecular Structure Using a Nanodisc 
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CXCR2(C-X-C Motif Chemokine Receptor 2), which is one of GPCRs, is related to cancer and various 
inflammatory diseases. Especially, CXCR2 can be found at the most of the tumor cell and is generally 
overexpressed at the surface of the tumor cell. It also affects to promote the cancer through cell cycle, metastasis, 
and angiogenesis. We got CXCR2 using E.coli expression system and assembled it into nanodiscs with membrane 
scaffold protein and lipid. Nanodiscs are the well-known platform to realize the membrane protein in vitro. 
Therefore, we can use CXCR2-embedded nanodiscs as biosensor. 
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 P0009   Producing Full-length Botulinum Neurotoxin (BoNT) Using Protein Conjugation 
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Botulinum neurotoxin is the most lethal biological toxin in nature. Regarding its mechanism of action, BoNT has 
been greatly favored not only for cosmetic purposes, but also for disease treatment. Conventionally, production 
of BoNT relied on the tedious cultivation of C. botulinum, which yielded BoNT complex containing NAPs 
(nontoxic neurotoxin-associated proteins). However, the existence of NAPs is detrimental since 1) it greatly 
increases the molecular weight of the final product (about 900 kDa), and 2) it may reduce the efficacy of BoNT 
by facilitating resistance development. To resolve such issues, we designed a novel approach to produce BoNT 
by expressing separated fragments of BoNT (LC-HN and HC domains) followed by protein conjugation. Each 
domain was fused with conjugative protein fragments and the conjugation efficiency under various conditions 
including molar ratio, temperature, and time. As a result, we confirmed that the maximal reaction efficiency is 
achieved when equivalent amount of protein fragments were combined and incubated at 37℃ for 10 min. 
Moreover, specific sequences of LC-HN were almost completely cleaved by thrombin treatment, confirming the 
formation of a disulfide bond between the separated LC and HN domains. In this study, we suggest that BoNT can 
be produced more safely and efficiently through a novel approach employing protein conjugation and specific 
cleavage. 
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 P0010   Production of Ulvan Lyase Enzyme Complex for Enzymatic Depolymerization of Ulvan into 
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Ulvan is a green macroalgae cell wall polysaccharide that is structurally similar to mammalian 
glycosaminoglycans and has been utilized in biomedical research. The bioactivity of ulvan polysaccharides is 
affected by molecular weight. Ulvan lyase is involved in the initial degradation of ulvan polysaccharides through 
the β-elimination mechanism. In this study, we performed several designs to produce highly active enzymes that 
depolymerize into low molecular weight ulvans. First, ulvan lyase was constructed as an enzyme complex through 
cohesin-dockerin interaction. Then, it reacted with the extracted ulvan to determine the optimal amount of 
substrate and reaction time for ulvan depolymerization. As a result, the ulvan lyase enzyme complex constructed 
by cohesin-dockerin interaction showed 5.8 times higher ulvan depolymerization efficiency than the control. The 
ulvan lyase enzyme complex using the cohesin-dockerin interaction of the cellulosome system will be involved 
in efficient ulvan depolymerization, leading to the development of biomedical research using ulvan 
oligosaccharides. 
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 P0011   Increased Efficiency of Biomass Oligosaccharide Production from Porphyran by Constructing 
Artificial Complex Enzyme through Bioengineering Technology 
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Porphyran, a polysaccharide composed of red algae, is a source of a multifunctional oligosaccharide material and 
new biomass raw materials with various physiological activities. The glycolysis of porphyrans into oligosac-
charides through various porphyranases is a process to obtain excellent and promising alternative resources. In 
this study, porphyran was extracted from Porphyra yezoensis, and it was used as a research substrate. We also 
established an efficient hydrolysis method using an enzymatic complex obtained through cohesin-docerin 
interactions that degrade natural polysaccharides. The cohesion-dockerin interaction is designed to genetically 
binding dockerin module to the end of an existing enzyme and then attaching cohesin module to obtain a protein 
complex. The designed protein complex has been shown to further increase the activity on the substrate, which 
can be considered as a useful method to obtain efficient oligosaccharides or monosaccharides through hydrolysis 
of red algae. 
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 P0012   Structural and Functional Investigation of the Domain Fusion in Glycerol Dehydratase that 
Elevate Its Enzymatic Activity 
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Biological approaches for producing high-value glycerol products have recently received a lot of attention. 
Glycerol dehydratase (GDHt) is involved in the dehydration of glycerol to form 3-hydroxypropanal (3-HPA). The 
dissociation of the subunit during purification has been avoided by joining the and subunits, which has the 
interesting effect of increasing the catalytic activity of the linked enzyme. Protein modeling, molecular mechanics, 
and thermodynamics computational approaches were used to comparatively monitor the interface changes. The 
WT and fGDHt enzymes were cloned, expressed, and analyzed for activity, biochemical characteristics, and 
inactivation rate. Overall, our findings suggest that linker-based fusion of the α and β subunits affect the stability 
of GDHt and the bound coenzymes, potentially delaying enzyme inactivation. 
 
Keywords : glycerol dehydratase, domain fusion, enzyme engineering, molecular dynamic simulation 
 
  

243



Convergence of Biotechnologies in the 4th Industrial Revolution Era2021 한국생물공학회 추계학술발표대회 및 국제심포지엄
2021 KSBB Fall Meeting and International Symposium

 P0013   Proximity Proteolysis Reaction as a Universal Platform of Molecular Sensing Methods 

 
Minji GWON1, Hyeon Ji PARK1, Yuseon KIM1, Heeju JANG1, Tae Hyeon YOO1,2 
1Department of Molecular Science and Technology, Ajou University, Suwon, Korea, 2Department of Applied 
Chemistry and Biological Engineering, Ajou University, Suwon, Korea 
Corresponding Author Email : redanne98@ajou.ac.kr 
 
Proteins, and small molecules either produced by or introduced into organisms are important indicators for evalu
ation of the biological systems. Various methods have been developed to assay them in quantitative ways. Howe
ver, they were designed based on properties of each type of molecule, which inevitably results in development o
f quite diverse technologies. Here, we present proximity proteolysis reaction (PPR)-based homogeneous assay 
methods for proteins, antibodies and small molecules. Binders were devised to recognize molecules of interest 
and induce colocalization of protease and zymogen at an analyte. Physical closeness between two proteins induce 
PPR, resulting in production of detectable signal. Single-stranded DNAs were utilized as linkers, which allow 
tethering of enzymes and binders by simple mixing. The application of PPR to different types of analytes needed 
minimal work. The assays are conducted in a one step at constant temperature, and colorimetric signals were 
generated in 1 h. In addition, despite the signal based on absorbance, the sensitivities of the assays were below 
dozens of picomolar concentrations of analytes. We have demonstrated that the PPR platform can be used to 
develop simple and sensitive assay methods for diverse molecules. 
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Elastin-like polypeptides (ELPs), which are composed of repeat unit VPGXG, are stimulus-responsive protein-
based biopolymers, and some ELP block copolymers can assemble spherical nanoparticles with thermo-
sensitivity. In this study, three different diblock ELPs composed of VPGKG and VPGVG with different ratios 
(1:8, 1:4, and 1:2) were synthesized, and dependence of their physical properties on ELP concentration, pH, 
temperature, and salt concentration was investigated. While K8V64 (1:8 ratio) did not form a micelle because of 
the relatively small portion of the charged moiety, both K16V64 and K32V64 formed hydrophobic micelles by self-
assembly when the environmental conditions were changed. As a results, they would not be aggregated due to the 
repulsive force between the same charged molecules. 
 
Keywords : elastin-like polypeptide (ELP), charged diblock copolymer, lower critical solution temperature 
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Engineering 

 
Sangwoo LEE1, Byeong Sung LEE1, Woon Jong CHOI1, Tae Hyeon YOO1,2 
1Department of Molecular Science and Technology, Ajou University, Suwon, Korea, 2Department of Applied 
Chemistry and Biological Engineering, Ajou University, Suwon, Korea 
Corresponding Author Email : taehyeonyoo@ajou.ac.kr 
 
Addition of unnatural amino acids to protein used in various purposes. By orthogonal translation systems, 
unnatural amino acids are incorporated to target proteins. In modifying N-terminal position of protein, unnatual 
amino acid can be incorporated without affecting protein structure. But used orthognal translational pair, 
Methanococcus jannaschii tyrosyl tRNA and aminoacyl-tRNA synthetase only recoginzes amber codons in 
elogation position. In this study, focusing on differences of initiator tRNA and elongator tRNA, we engineered 
Mj tRNA to bind formyltransferase and initiation factor 2 which participate in the assembly of aminoacylated 
initiator tRNA and new tRNA pair system incorporated unnatural amino acid at N-terminal position of target 
protein in overexpression of formyltrasferase. The engineered Mj tRNA / aminoacyl-tRNA synthetase pair could 
be used for protein engineering of incorporation of unnatural amino acid to N-terminal position. 
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 P0016   Engineering of Alpha-ketoglutaric Semialdehyde Dehydrogenase for Improving the Catalytic 
Activity Toward 3-HPA via 3-HP Selection Device and 96-well Microplate-based Screening 
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3-Hydroxypropionic acid (3-HP) is one of the key building blocks which is a precursor of diverse value-added 
chemicals and can be used as an additive or preservative agent in the food industry. The molecule can be produced 
by a simple biological pathway: dehydration of glycerol to 3-hydroxypropanal (3-HPA) by glycerol dehydratase 
and then oxidation to 3-HP by aldehyde dehydrogenase. Despite successful production of 3-HP through this 
pathway, several problems including the toxicity of the 3-HPA hamper the 3-HP production by industrial 
permissive level. To solve the issues we had engineered α-ketoglutaric semialdehyde dehydrogenase (KGSADH) 
from Azospirilum brasilense for enhancing the catalytic activity toward 3-HPA with small-size library(~2 * 104). 
For screening better mutants with respect to catalytic activity toward 3-HPA than previous KGSADH mutants, 
we have made a large-size library that 5 residues were mutated simultaneously and screened the library via a 3-
HP selection system followed by NADH absorbance-based 96well plate screening. After selection and screening, 
we got the mutant which has 4.65-fold higher activity toward 3-HPA than wild-type. Furthermore, the mutant has 
a higher preference toward C2-C3 carbon aldehydes than wild-type. In particular, the recombinant P. denitrificans 
strain harboring the mutant exhibited 1.3-fold higher 3-HP titer and specific activity than that with the wild-type. 
MD simulation results showed that mutations in the mutant stabilized the loop area and lowered the binding pocket 
entry, which could lead to an increase in catalytic activity. 
 
Keywords : 3-hydroxypropionic acid, aldehyde dehydrogenase, directed evolution, enzyme engineering, 
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 P0017   Enhancing the Sensitivity of Lateral Flow Immunoassay by Engineered Cellulose-binding 
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An advanced paper-based LFIA using engineered cellulose-binding protein linker fused with antibody-binding 
domains was developed to resolve problems associated with conventional LFIA strip, including the limitation of 
quantitative analysis and low sensitivity. CBP31-BC linker was prepared by genetically fusing the cellulose-
binding modules of family 3 (CBM3) and family 1 (CBM1) with antibody-binding B and C domains of Protein 
A. Cellulose-binding analysis showed that the addition of two CBMs led to high cellulose-binding capacity in 
CBP31-BC. Transmission electron microscopy and quartz crystal microbalance analyses demonstrated that the 
cellulose-binding ability of CBP31-BC enabled the BC domain to be efficiently exposed, allowing about 6-fold 
higher antibody-binding efficiency (~32.5 %) than that (~5.5 %) of sole BC. To evaluate the feasibility of the 
CBP31-BC linker-employed LFIA platform, an immunoassay of prostate-specific antigen (PSA) was performed 
as a model reaction. The CBP31-BC-employed paper-based LFIA detected PSA at levels as low as 0.25 ng/mL 
in 20 min, which is about 10-fold more sensitive to conventional LFIAs that use simple physical adsorption. 
CBP31-BC-employed LFIA also exhibited a lower detection range of 0.25-2.5 ng/mL when compared to 
conventional LFIAs. These results might be due to efficient oriented immobilization of the capture antibody by 
CBP31-BC linker on cellulose membrane. Thus, our developed CBP31-BC linker-employed paper-based LFIA 
platform holds great promise for the detection of target markers due to significantly enhanced sensitivity. 
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 P0018   Developing Efficient Protein Expression System to Produce Dengue Viral Non-structural 
Protein 1 

 
Eunjeong KIM, Sooim SHIN 
Department of Biotechnology and Bioengineering, College of Engineering, Chonnam National University, Gwangju, 
Korea 
Corresponding Author Email : jangsu18@naver.com 
 
Non-structural protein 1 (NS1) of dengue virus is one of the factors that develop the diseases of severe dengue 
shock syndrome (DSS) and dengue hemorrhagic fever (DHF) during the viral pathogenesis. However, the 
mechanism of NS1 in the progression of the disease is barely understood. Besides, efficient processes for the 
production of recombinant NS1 as a soluble form have not been established. In this study, NS1 expression systems 
have been generated. NS1 gene was genetically engineered to have advantage in protein purification and structure 
formation. Notably, to acquire good folded NS1, periplasm targeting signal sequence was fused to N-terminus of 
the NS1 gene. The engineered gene was cloned into pET11 or pUC19 expression vector and transformed in E.coli. 
The host strain, signal sequence, induction conditions were varied and expression of NS1 was assessed by SDS-
PAGE and western blot. finally, proper size 40 kDa of NS1 was obtained from periplasm of E. coli. Our work 
will further help to find the role of NS1. 
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 P0019   Production of Human Metabolites of Phloretin by Bacterial CYP102A1 Peroxygenase 
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Phloretin, the major polyphenol in apples, is interesting because of its beneficial effects on human health. It is 
mainly found as a form of glucoside, phlorizin. However, the metabolic pathway of phloretin in humans has not 
been reported. Therefore, identifying phloretin metabolites in human liver microsomes (HLMs) and the human 
cytochrome P450 enzymes to make them is interesting. Here, the roles of human liver P450s for phloretin 
oxidation were examined using HLMs and recombinant human liver P450s. One major metabolite of phloretin in 
HLMs was 3-OH phloretin, which is the same product of a bacterial CYP102A1-catalyzed reaction of phloretin. 
The catalytic efficiency of a CYP3A4-catalyzed reaction is 1.8-fold higher than a reaction catalyzed by CYP2C19. 
Whole-cell biotransformation with CYP3A4 was achieved 0.16 mM per hour productivity for 3-OH phloretin. 
Phloretin was a potent inhibitor of CYP3A4-catalyzed testosterone 6β-hydroxylation activity. Antibodies against 
CYP3A4 inhibited up to 90% of the microsomal activity of phloretin 3-hydroxylation. Thus, CYP3A4 majorly 
contributes to the human liver microsomal phloretin 3-hydroxylation, and CYP2C19 has a minor role. 
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 P0020   Expression of an M Cell-specific Ligand-fused FMDV Epitope Using Saccharomyces cerevisiae 
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The mucosal surface forms a layer between our body and the out environment to protect from invasion of 
pathogens such an antigen, bacteria, and so on. Since that, mucosal vaccine was developed and has several 
advantages as an effective alternative to vaccines through a systemic route. M cells express a large amount of 
immune surveillance receptors on the apical surface. One of the M cell ligands, ligand A was proved that could 
promote the uptake of fusion antigen and enhance the immune response against the fused antigen, therefore ligand 
A can be used as an adjuvant for targeted delivery into the mucosal system. Our study focused on producing an 
oral vaccine against Foot and Mouth Disease (FMD) virus, using Saccharomyces cerevisiae as the expression host 
to express a yeast codon optimized (op) gene encoding for VP1 antigen (op1). We used M cell-targeting ligand A 
fused VP1 of FMDV in order to develop the oral mucosal vaccine against FMDV infection. M cell-targeting 
ligand A-conjugated VP1 interacted efficiently with M cells of Peyer’s patch. This construct gene was cloned into 
mucosal vaccine, M cell ligands, FMD virus, VP1 antigena yeast episomal vector and the recombinant plasmid 
was transformed into S. cerevisiae. Transformation was confirmed by colony PCR and E. coli back 
transformation. Expression was examined through Western blot. Western blot showed signal of the target proteins, 
indicated that the protein product of the cloned gene was successfully expressed. 
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 P0021   Immobilization of Urease onto Cobalt-nitrogen-carbon Catalytic Membrane for Stabilization 
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Cobalt-Nitrogen-Carbon (Co-N-C) synthesized by chemical oxidative polymerization was used as an 
immobilization support for jack bean urease. Cobalt-Nitrogen-Carbon (Co-N-C) catalytic membrane were 
successfully prepared and were used as carriers for the first time in urease immobilization. The catalytic membrane 
Cobalt-Nitrogen-Carbon (Co-N-C) is fabricated by the hydrothermal process and annealing process with source 
of nitrogen and carbon. Chemically grown microfibers were stacked to form a freestanding cobalt-nitriloacetic 
acid (Co-NTA) membrane, and then converted to a Co-N-C monolithic electrode via solid- state growth of CNTs 
on the microfiber surface. Urease was immobilized on the surface of catalytic membrane by Enzyme adsorption 
precipitation crosslink (EAPC) methods. Urease immobilization activity were measured using indophenol 
method. The effect of pH and temperature on urease activity were studied. The result showed that the optimum 
temperature of immobilization urease was 30℃ and optimum pH was 6.5. The catalytic activity, storage stability, 
and reusability of the immobilization enzyme will be demonstrated in this study. 
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 P0022   Development of Enhanced Protease Production Strain from Bacillus teguilensis Mutant 
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The Protease breaks down protein into amino acids. Proteases are used in industry, medicine and as a basic 
biological research tool. Many laundry detergents were composed of digestive protease and they were also used 
extensively in the bread industry. The purpose of this study is to develop a mutant strain that maximizes protease 
production using Bacillus teguilensis as a host strain. Bacillus teguilensis was purchased from Korea collection 
for type cultures (KCTC). Then it was subjected to 2 period mutagenesis using UV irradiation and еthidium 
bromide. As a result, the protease activity of mutant strain increased from 1.49 with original strain to 4.91 Unit/ml, 
which means 4.5 times more enzyme was produced after mutation. The protease produced by Bacillus 
teguilensis was secreted out of the cell and showed a maximum productivity of 4.91 unit/mL under optimal media 
conditions. For the changes of nitrogen source, the produced protease activities were changed and the maximum 
activity was achieved when 2% casein(w/v) was used. 
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 P0023   Screening of Bst Polymerase Specific Aptamers for Enhancing the Reverse Transcriptic Activity 
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Loop-Mediated Isothermal Amplification(LAMP) is an isothermal nucleic acid amplification technique that uses 
Bst polymerase, instead of Taq polymerase, unlike general PCR methods. Bst polymerase not only mediates DNA 
amplification but also has weak reverse transcriptase activity. The desired aptamer pool will be selected by 
measuring the concentration of aptamer after every SELEX round. After SELEX process, SPR analysis will help 
determine the binding affinity of bst polymerase with aptamer. The structural interaction between aptamer 
candidate-bst polymerase will be carried out using the MOE software. The potential application of this study 
include diagnosing RNA virus-mediated disease quickly and simply effectively in the field. This work was 
supported by Korea Institute of Planning and Evaluation for Technology in Food, Agriculture and Forestry(IPET) 
through Crop Viruses and Pests Response Industry Technology Development Program, funded by Ministry of 
Agriculture, Food and Rural Affairs(MAFRA) (321108-04).  
** This research was supported by Basic Science Research Program through the National Research Foundation 
of Korea(NRF) funded by the Ministry of Education(2020R1A6A1A06046235). 
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 P0024   Heterologous Production of 3-hydroxy-4-methyl Anthranilic Acid, an Intermediate for the 
Biosynthesis of Antitumor Pyrrolobenzodiazepines 
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Pyrrolobenzodiazepines are a class of natural products produced by actinomycetes, possessing antitumor 
properties, such as actinomycin D, sibiromycin and anthramycin. These antitumors are biosynthesized by complex 
modular enzymes called non-ribosomal peptide synthases with 3-hydroxy-4-methyl anthranilic acid (3-MHA) as 
a common intermediate in biosynthetic pathways. The biosynthetic pathway for 3-MHA was heterologously 
expressed and refactored in Escherichia coli BAP1 cells, which led to de novo biosynthesis of 3-MHA from L-
tryptophan via kynurenine pathway. Different genes of actinomycin D and sibiromycin biosynthetic gene clusters 
were explored, and the best set of genes for the production of 3-MHA was established. The resulting E. coli strain 
capable of producing 3-MHA will serve as a platform strain for the enhanced production of pyrrolobenzo-
diazepines. 
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Antibody-based conjugates have become an essential component in a variety of applications from immunoassays 
especially to drug conjugates because of their proven efficacy and selectivity to target cancer cell. Herein, we 
describe a peptide-directed photo-crosslinking reaction as a novel site-specific conjugation method of IgG using 
an Fc-binding peptide and a photoreactive amino acid analogue for generation homogeneous IgG-toxin 
conjugates. 
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Hydroxy acids are compounds referred to as organic acids with a hydroxyl group, and are widely used in industries 
such as medicine, food, cosmetics, and chemical products. 3-Hydroxybutyrate dehydrogenase (3HBDH) from 
Alcaligenes faecalis can catalyze 3-oxobutyrate, also known as acetoacetate. Therefore, using rational design with 
mutational studies, 3HBDH had been engineered to convert 4-oxovalerate, also known as levulinic acid, into 4-
hydroxyvalerate. In this study, activities for keto acid substrates with variable carbon chain length (C3-C8) were 
measured, and substrate specificity was analyzed through structural analysis. The engineered 3HBDH was able to 
react with all candidate substrates, while the wildtype 3HBDH reacted with only a few. Analyzing the distance 
between the substrate and the enzyme by docking simulation, Ser142 and Tyr155 were directly related to the 
catalytic mechanism. In addition, Gln196 appeared to be involved in the enzyme-substrate complex by binding 
hydrogen bonds with ketone and carboxyl groups of the substrate. Based on the results of this study, data for 
engineering strategy of a redox enzyme platform for synthesizing organic acids were obtained. 
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A gas-generating reaction-based visual volumetric chip can potentially be applied to instrument-free point-of-care 
testing (POCT). However, the structures of conventional chips and their detection methods are typically 
complicated due to two technical issues: (1) ink, as a distance marker, must be injected into a specified position 
before sample introduction, and (2) the gas-generating reaction must be initiated in a sealed state. The volumetric 
chip was constructed of a reaction well (R well), a substrate well (S well) containing a H2O2 solution as a substrate 
of the gas-generating enzyme, and a channel connecting the upper side of the R well and the lower side of the S 
well. Following the injection of the sample into the R well, a negative pressure micropipette is inserted, which 
subsequently drives the transfer of a large portion of the H2O2 solution to the R well, thereby initiating the gas-
generating reaction. In the meantime, a small portion of the H2O2 solution remains in the channel to serve as a 
distance marker. the volumetric chip's performance was evaluated by detecting Salmonella typhimurium and the 
limit of detection was 10 CFU within 20 min for culture samples and within 75 min for spiked milk samples. The 
volumetric chip developed herein is advantageous for POCT applications due to its simple structure and detection 
process. 
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Urate oxidase from Aspergillus flavus provides effective therapy for gout. However, its clinical application faces 
several issues, including low thermostability and short circulation time in vivo. The recent study showed that urate 
oxidase derived from Arthrobacter globiformis (AgUox) exhibits high thermostability. Hence, to develop a 
thermostable and long-circulating therapeutics, we site-specifically conjugated human serum albumin (HSA) to 
AgUox via non-natural amino acid (frTet) incorporation and an inverse electron demand Diels-Alder (IEDDA) 
reaction. Among 14 candidates predicted, AgUox incorporating frTet at position 196 (Ag12) showed enzyme 
activity and thermostability comparable to wild-type AgUox. The IEDDA reaction led to high conjugation yield, 
and resulting Ag12-HSA retained enzyme activity. Furthermore, the Ag12-HSA had a serum half-life of 29 h in 
mice, roughly 17-times of that of wild-type AgUox. The results demonstrated conjugated AgUox as a promising 
therapeutic candidate for the treatment of related diseases. 
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In bacteria, operon is genetic regulatory system and many genes coding for functionally related proteins are 
clustered along the chromosome. In eukaryotic cell, many genes were regulated by various factors and functionally 
related proteins are located in various positions on many chromosomes. In present study, we attempted integration 
of several genes requiring xylan/xylose metabolism as gene cluster on same chromosome and construction of 
mini-artificial chromosome harboring gene cluster. The XYLP, XYLB, GRE3, and XYL2 genes encoding 
endoxylanase, β-xylosidase, xylose reductase, and xylitol dehydrogenase, respectively, were stably integrated into 
yeast chromosome VII. The chromosome VII (1124 kb) was successfully split to 887 kb, 45 kb containing the 
four genes expression cluster, and 198 kb split-YAC by PCS technique. Each enzyme activity of integrated genes 
on the 45 kb split-mini YAC was still maintained compared to before chromosome splitting. Also, mitotic stability 
of mini-YAC in non-selective medium was 100% during about 160 generations. Cell growth rate, cell morphology 
and xylan degradation ability were not distinguished from that before chromosome manipulation. 
 
Keywords : yeast artificial chromosome (YAC), PCR-mediated chromosome splitting (PCS), xylan metabolism, 
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Many genes are stably maintained on chromosome compared plasmid and/or various vectors. 
Specially, the yeast artificial chromosome (YAC) system allows isolation of larger DNA fragments and easier 
modification of the cloned DNA than other systems. In present study, we attempted integration of agarase gene 
expression cluster into YAC. Several enzymes requiring agar/agarose metabolism were used as model enzymes, 
and a mini-YAC harboring two genes encoding β-agarase and gene encoding neoagarobiose hydrolase was 
constructed by using PCR-mediated Chromosome Splitting (PCS) technique. The three genes were stably 
integrated into yeast chromosome II. The chromosome II (813 kb) was successfully split to 269 kb, 38 kb 
containing the agarase gene expression cluster, and 523 kb split-YAC. The total agarase activity of integrated 
genes on the 38 kb split-mini YAC was still maintained compared to before chromosome splitting. Also, mitotic 
stability of mini-YAC in non-selective medium was 100% during about 160 generations. Cell growth rate, cell 
morphology and agar degradation ability were not distinguished from that before chromosome manipulation. As 
a result, the mini-YAC containing targeted gene cluster can be stably transplanted into other useful yeast strain 
and breeding of novel strain is also will be possible. 
 
Keywords : yeast artificial chromosome (YAC), PCR-mediated chromosome splitting (PCS), agar/agarose 
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Green tea is well known for its various biological activities. It has been widely consumed as beverages and 
medicine in East Asia. The global green tea market is growing rapidly as consumer`s awareness of the efficacy of 
the Epigallocatechin-3-gallate (EGCG). EGCG, the main active ingredient catechin in green tea, shows health 
effects including potent antioxidant, anti-inflammatory, and anti-cancer. The bioavailability of EGCG by oral 
administration is relatively low related to its poor membrane permeability and stability in the gastrointestinal tract 
and blood. So structural modification was needed to improve the effect of oral EGCG. The methylated EGCG is 
the solution to overcome physiological disadvantages. It was reported that the oral absorption rate of EGCG''3Me 
was significantly increased. Furthermore, its therapeutic effect against high blood pressure was also improved. 
And focused on the active site of the enzyme, we selected key residues by multiple sequence alignment and alanine 
scanning. The following work is to complete the site saturation mutagenesis and confirm the activity enhancement. 
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Although many laboratories are producing the proteins required for the experiment, the existing protein 
identification method using SDS PAGE has disadvantages in that it is difficult to accurately identify due to low 
resolution and it takes more than an hour to confirm. In recent years, as high-resolution mass spectrometers have 
been widely used, intact mass analysis using mass spectrometers is increasing. 
 
In this case, there is an advantage that more accurate analysis is possible, but pre-treatment of the sample is 
essential before analysis, and the process of removing salts in the buffer is relatively time-consuming. 
 
By comparing the desalting method using a trap column on the market with other traditional desalting methods, 
the pretreatment method using the trap column has less risk of damage to the column than the pretreatment method 
using analytical column, and it is easier and fast than traditional ultrafiltration pre-treatment.  
 
Through this, it was confirmed that the sample can be analyzed within 20 minutes immediately after general his 
tag purification. 
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 P0033   Auxiliary Role of Oct-1 for the Soluble Expression of Recombinant Protein in Escherichia coli 
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E. coli has been favored for the expression of various heterologous proteins due to its biological properties 
including fast growth, high cultivation density, and ease of genetic manipulation. However, hydrophobic nature 
of some proteins makes it extremely difficult to express and acquire the desired products in a soluble and active 
form. For example, the presence of transmembrane domain and the lack of glycosidic moieties greatly hampered 
the expression and purification of influenza hemagglutinin (HA), the main target of influenza vaccine, in E. coli. 
In this study, we employed Oct-1 DNA binding domain as a fusion partner to express and acquire full-length HA 
in E. coli system. It has been reported that Oct-1 can form plasmid-protein complexes in E. coli cytoplasm, 
thereby facilitating the soluble expression of recombinant proteins. In the current study, we confirmed that the 
expression level of Oct-1-HA was significantly increased compared to that of native HA, and the purified Oct-1-
HA retained its activity as a consequence of improved solubility. Regarding the data, we suggest that Oct-1 can 
effectively contribute to the soluble production of heterologous proteins. 
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Voltage-gated potassium channels (VGKCs) are transmembrane ion channels specific for potassium. Currently 
there are nine kinds of VGKCs. Kv1.4 is one of shaker-related potassium channels. It is a representative alpha 
subunit of potassium channels that can inactivate A type-currents, leading to N pattern inactivation. Inactivation 
of Kv channels plays an important role in shaping electrical signaling properties of neuronal and muscular cells. 
The shape of N pattern inactivation can be modified by removing the N-terminal (NT) domain which results in 
non-inactivated currents and C pattern inactivation. Our results revealed that treatment with metergoline inhibited 
NT deleted Kv1.4 mutant channel activity in a concentration-dependent manner which was reversible. 
Interestingly, metergoline treatment induced little effects on the outward peak current in the deleted Kv1.4 mutant 
channel. This result further shows that metergoline might interact with Lys532 residue and then accelerate C 
pattern inactivation of Kv1.4 channels with channel type specificity. Taken together, these results demonstrate the 
molecular basis involved in the effect of metergoline, an ergot alkaloid, on human Kv1.4 channel, providing a 
novel interaction ligand. 
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Alisma Rhizomes is used as a diuretic, hypolipidemic, anti-diabetic and anti-inflammatory agent in traditional 
East-Asian medicine. In this study, we tested the effect of Alisma Rhizomes on the alpha3beta4 nicotinic 
acetylcholine (nACh) receptor channel current in Xenopus oocytes. The acetylcholine-induced inward peak 
current (IACh) was measured with the two-electrode voltage-clamp technique. This experiment shows that the 
alpha3beta4 nACh receptor cRNA injected into oocytes followed by co-application with Alisma Rhizomes 
inhibited IACh in a noncompetitive or voltage insensitive condition. Protostane-type triterpenoids are the main 
active ingredient of Alisma Rhizomes (Alisol A, Alisol B, Alisol B 23-acetate, Alisol C 23-acetate). Altogether, 
our research shows that protostane-type triterpenoids may modulate the alpha3beta4 nACh receptors expressed in 
oocytes in a reversible, concentration dependent and non-competitive manner. Furthermore, this modulation of 
the nACh receptor activity by protostane-type triterpenoids could underlie the pharmaceutics actions of Alisma 
rhizome. 
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 P0036   Optimization of Culture Condition for Amylase Production by Response Surface Methodology 
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A polar microorganism that produces amylase, Arthrobacter sp. Optimized conditions were designed using the 
reaction surface analysis method to increase the amylase production of. When PAMC 27388 was grown in MB 
with a volume of 1 mL of inoculum, pH 7.6, and a medium volume of 50 mL, the production of amylase was 
confirmed to be 1.665 mU/L. As a result of performing RSM using three physical factors as variables, the R2 
value of the regression equation was confirmed to be 0.975, and the maximum production was cultured under 
conditions of 2.49 mL of inoculum volume, pH 6.85, and 42.87 mL of medium volume. It was predicted that 2.84 
mU/L of amylase would be produced. As a result of the confirmation experiment, an amylase production of 2.50 
mU/L was confirmed, and an increase in production of about 150% compared to the conditions before 
optimization was confirmed. 
 
Keywords : amylase, response surface methodology, cultivation 
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 P0101   Characterization of Bacillus velezensis Strain Isolated from Doenjang and Its Antifungal 
Activity against Fusarium Species 
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Pathogenic fungi can be a major threat to crop production and food safety by causing crop diseases and food 
poisoning. To control the growth of pathogenic fungi, chemical substances such as synthetic fungicides are 
commonly utilized. However, the excessive use of chemical fungicide has resulted in the emergence of fungicide-
resistant fungi and negative effects on the environment and human health. For this reason, biocontrol agents such 
as natural antifungal peptides are attractive options to replace the chemical fungicides for fungal disease 
management. Antifungal peptides are widespread produced among diverse bacteria. Bacillus species are well-
known antifungal peptide producers. In this study, Bacillus strains were isolated from Doenjang, a Korean 
traditional fermented soybean paste to screen for the strains having antifungal activity. Among the Bacillus 
isolates, one strain showed strong antifungal activity against Fusarium sp., and was identified as Bacillus 
velezensis. We characterized the Bacillus velezensis strain and evaluated the antifungal potential as a biocontrol 
agent under the various conditions. 
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 P0102   Isolation of Lactiplantibacillus plantarum from Kimchi for Development of Korean Sourdough 
Starter Culture 
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Sourdough bread is a fermentation-based bread by a mixed culture of lactic acid bacteria (LAB) and yeast. During 
fermentation, lactic acid bacteria produce lots of metabolites such as organic acids which improve its flavor, 
texture, and delay retrogradation. Furthermore, sourdough prevents contamination of fungi or bacteria, thereby 
extending the shelf life of bread. One of the well-known sourdough LAB starters, Fructilactobacillus 
sanfranciscensis (formerly, Lactobacillus sanfranciscensis) has been commercialized and commonly used for 
sourdough fermentation in the USA and Europe. To develop the Korean LAB starter for sourdough fermentation, 
we isolated a typical plant bacterium Lactiplantibacillus plantarum (formerly, Lactobacillus plantarum) from 
Kimchi. We characterized the L. plantarum isolate JY2 and compared its fermentation profile with F. 
sanfranciscensis which is commercially available. In addition, we made sourdough bread using these LAB strains 
and yeast to confirm the potential of L. plantarum JY2 as a sourdough starter in terms of storage quality, sensory 
test, and bread quality. 
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 P0103   Comparison of Immunomodulatory Effects of the Cell Extracts from Two Different Variants 
of Saccharomyces cerevisiae 
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Probiotic yeast variants including Saccharomyces cerevisiae and Saccharomyces boulardii have proven their 
effectiveness in the treatment of many gastrointestinal diseases including acute diarrhea and bacterial infection. 
The yeast cell wall is composed of functional polysaccharides such as b-glucan, mannans, and chitin which have 
beneficial effects on human health. Particularly, the b-glucans and mannans has gained interest in the food industry 
as nutritional supplements and ingredients for functional food. Saccharomyces boulardii is believed to be a variant 
strain of S. cerevisiae and has been commercialized as a food supplement promoting the health of the intestinal 
tract. To evaluate the health-promoting effects of S. boulardii strains when compared to that of S. cerevisiae, we 
examined in vitro the immunomodulatory effect of the yeast cell extracts from S. cerevisiae and S. boulardii by 
measuring the production of IL-6, TNF-ɑ, and nitric oxide (NO) levels in macrophage cell line Raw 264.7. 
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 P0104   Improved Production of Heme Porphyrins in Bacillus megaterium by a Cumate-inducible 
Promoter 
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Heme is a porphyrin derivative consisting of ferrous iron and protoporphyrin IX, hemoglobin. In the food industry, 
heme derivatives can be used as a food additive for improving color and flavor of alternative meat products. 
Bacillus megaterium is one of the heme-producing microorganisms with the biosynthetic pathways including 
hemAXCBDL operon. To increase production of heme porphyrins in B. megaterium, we overexpressed the 
hemAXCBDL operon by replacing the native promoter in the chromosome with a synthetic cumate-inducible 
strong promoter. Since the first enzyme of the operon, HemA, acts as a major control point of the pathway, we 
also introduced a stable version of HemA mutant containing two lysine residues (HemAkk) into the integration 
cassette. The resulting recombinant strain of B. megaterium harboring the newly constructed hemAkkXCBDL 
operon in the genome exhibited increased production of heme porphyrins after cumate induction. 
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 P0105   Evolutionary Engineering of Beneficial Gut Microorganisms for Industrial-scale Production of 
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There are about 1011 CFU/g microorganisms living in the human intestine. Human intestinal microorganisms, 
which have symbiotic relationships with their hosts, play an important role in human health. Among various gut 
microorganisms, Bifidobacterium breve, well-known probiotics, has antimicrobial activity against human 
pathogens and immuno-stimulating abilities. Also, the abundance of Akkermansia muciniphila, potential 
probiotics, has a negative correlation with overweight, obesity, untreated type 2 diabetes, or high blood pressure. 
To use these strains as potential therapeutic agents, mass production of bacterial cells is required. However, these 
gut microorganisms are obligate anaerobes and have relatively low cell growth rates and maximum OD during 
anaerobic growth. To increase the productivity of cell mass, we performed evolutionary engineering of B. 
breve and A. muciniphila by serial cultivations in batch mode with increasing sugar concentrations in the medium. 
Then, we isolated the evolved strains and compared the fermentation profiles with non-evolved strains. The 
evolved strains of both B. breve and A. muciniphila exhibited increased cell growth rate and biomass yield. 
 
Keywords : evolutionary engineering, adaptive evolution, Bifidobacterium breve, Akkermansia muciniphila 
 
References 
1. Bezkorovainy, A., CRC press (1989). 
2. Bozzi Cionci, N., et al., Nutrients. 10(11): p. 1723 (2018). 
3. Depommier, C., et al., Nature Medicine. 25(7): p. 1096-1103 (2019). 
 
  

273



Convergence of Biotechnologies in the 4th Industrial Revolution Era2021 한국생물공학회 추계학술발표대회 및 국제심포지엄
2021 KSBB Fall Meeting and International Symposium

 P0106   Development of Therapeutic Probiotics for Oral Treatment of Hyperuricemia 
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When uric acid is accumulated in the human body, it can cause hyperuricemia and gout which usually affects the 
big toe and any joints with sudden pain, swelling, redness, and tenderness. Uricase enzyme catalyzes the 
degradation of uric acid to allantoin, thereby alleviating the accumulation of uric acid in the body. To provide 
uricase activity, we aimed to construct a therapeutic probiotics strain that has a uric acid-degrading function. One 
of the lactic acid bacteria, Leuconostoc citreum was selected as a host since the strain was isolated from fermented 
food Kimchi and has been utilized for recombinant protein expression. The uricase operon including PucL and 
PucM which encode urate oxidase and 5-hydroxyisourate hydrolase respectively, are obtained from Bacillus 
subtilis and introduced into L. citreum under constitutive Leuconostoc promoter. As a result, the recombinant L. 
citreum exhibited uricase activity while the wild-type strain has no uricase activity. The uricase-expressing L. 
citreum may be utilized as a therapeutic agent and enzyme source for oral treatment of the patient having a high 
uric acid level. 
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Unpredictable climate change caused by global warming is threatening humanity and the ecosystem. To solve this 
problem, more than 110 countries and international organizations have agreed to reduce carbon dioxide (CO2) 
emissions. Recently various industrial processes such as bioethanol and chemical production rely on yeast 
fermentation. In the yeast fermentation process, CO2 emission into atmosphere is unavoidable. Therefore, 
expressing CO2 fixation pathway in yeast would decrease the CO2 emission during the process. The purpose of 
this study is to develop a S. cerevisiae strain that can utilize CO2 generated during the fermentation. First, we 
constructed xylose oxidoreductase pathway to produce the precursor of CO2 fixation pathway. Then, heterologous 
genes related to CO2 fixation pathway are introduced by the CRISPR/Cas9 genome editing technology. We 
confirmed the soluble expression of ribulose-1,5-bisphosphate carboxylase/oxygenase. Moreover, we observed 
increased ethanol yield through the fermentation. These results suggest that expressing CO2 fixation pathway in S. 
cerevisiae could be a strategy to alleviate the global warming. 
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The apple is one of the antioxidant-rich crops which is widely grown up in the temperate climates, so many 
processed foods/beverages using apples have been developed. Among beverages the cider and apple-fermented 
alcoholic beverage, are commonly consumed beverages in Europe and Northern America. However, in the apple 
extract producing process of apple juice and cider, there is a low extract yield problem because of high pectin and 
glucan contents in apples. In this study, we made apple hydrolysates by treated pectinase and glucanase and 
filtrated the hydrolysate of apple extracts through centrifuge and syringe. As a result, through enzyme pre-
treatment and treatment time optimizing, we improved the clarification process in apple cider manufacture. In a 
sensory test, apple cider which is made by the improved process has advantages than old one. In this study, we 
present optimized clarification process conditions in apple cider production. 
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Sargassum horneri is inedible and invasive species of brown macroalgae that expands and drifts in Spring and 
Summer, causing damages to the ecosystem of the south coast of Korea, especially Jeju island. The Korean 
government is preventively eliminating a large amounts of S. horneri biomass before reaching to the coast and 
treating it in landfills or incineration, but this causes another environmental problem. In the present study, S. 
honeri biomass was tested as a raw material for the biological production of lactic acid used in various fields such 
as food additives, cosmetic and chemical industry. Simultaneous saccharification and fermentation (SSF) with 
lactic acid-producing engineered yeast was optimized in various conditions including type of commercial 
cellulases, solid loading, and scale-up fermentation. Finally, lactic acid was produced at a yield of 0.24 g lactic 
acid/g dried biomass and productivity of 0.73 g lactic acid/L-h, suggesting an industrial potential to biologically 
utilize S. honeri coastal waste. 
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 P0110   L-lactic Acid Production Using Adaptively Evolved Saccharomyces cerevisiae 

 
Byeong-Kwan JANG, Deokyeol JEONG, YeBin JU, Soo Rin KIM 
School of Food Science and Biotechnology, Kyungpook National University, Daegu, Korea 
Corresponding Author Email : Soorinkim@gmail.com 
 
Lactic acid (LA) is one of the organic acids applied in various industries such as food additives, cosmetics, medical 
use, packaging, and pharmaceuticals. For this reason, the demand for LA is rapidly increasing in worldwide. 
Lactic acid bacteria is used as LA producing microbes but ironically it doesn’t tolerate high concentration of LA. 
But Saccharomyces cerevisiae yeast has high acid tolerance and its genetic engineering is not difficult. 
Therefore, S. cerevisiae already used as a platform to produce various valuable chemicals. In our previous study, 
we developed yeast strain that can produce LA (SR8LDH). In this study, the SR8LDH was adaptively evolved in 
8% of LA condition and evolved strain was isolated (BK01). The BK01 strain was able to survive even at 8% LA 
condition or more. LA production of BK01 was up to 119 g/L and pH was even under 3 at that fermentation. In 
fermentation of lignocellulosic biomass, BK01 not only produced 12.5 g/L of LA, but also showed tolerance to 4 
g/L of acetic acid, one of the fermentation inhibitors of lignocellulosic biomass. This suggests that BK01 could 
be presented as novel industrial LA producing yeast strains. 
 
Keywords : adaptive laboratory evolution, whole-genome sequencing, lignocellulosic biomass, acid tolerance 
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 P0111   Alkaline Deacetylation for Cellulosic Ethanol Production Using Potential Energy Crops 

 
Yebin JU, Soo Rin KIM 
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Hemp (Cannabis sativa) and Kenaf (Hibiscus cannabinus) are similar in appearance, but hemp belonging to the 
genus Cannabis is grass-like, and kenaf belonging to the genus Hibiscus is hard like wood. Meanwhile, cellulosic 
hydrolysates with lignin structure contain specific and considerable amount of acetic acid. Acetic acid inhibits 
yeast fermentation, causing cytosolic oxidation and stresses. Therefore, optimizing cellulosic treatment process is 
necessary for a specific type of biomass considering acetic acid concentration. In present study, ethanol production 
yield was improved by performing deacetylation pretreatment in which only acetic acid was selectively removed 
by mild-alkaline before acid pretreatment. In addition, optimal condition was confirmed to minimize the loss of 
fermentable sugar. Finally, compositional analysis of the biomass and removal amount of acetic acid were 
comparatively analyzed. These results indicate that ethanol yield and productivity can be improved by removing 
acetic acid from hydrolysates through deacetylation process and suggest that acetic acid bypass strategy is 
absolutely necessary to efficiently utilize cellulosic biomass as a bio-based energy source. 
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 P0112   Regulation of Beige Adipogenesis and Thermogenesis by Fatty Acid-derived Natural Substance 
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Beige adipose tissues regulate energy homeostasis and body temperature with induction of thermogenesis. 
Molecular mechanisms of beiging process are not completely understood. We investigated whether fatty acid-
derived natural substance, compound A, could affect beige adipogenesis and thermogenesis. The compound A, a 
ligand of G-protein coupled receptor K (GPCR-K), significantly activated GPCR-K signaling pathways and 
stimulated beige adipogenesis. Mice orally administered with compound A for 2-week showed increased beiging 
of subcutaneous white adipose tissues with elevated rectal temperature during cold temperature exposure. The 
mass of subcutaneous white adipose tissues was significantly reduced while that of brown adipose tissue was 
increased in mice fed with compound A. The expression levels of thermogenic genes including Ucp1 were 
significantly increased. The detailed mechanisms of induction of beiging process by compound A will be 
investigated further. 
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 P0113   Relationships Between Single Nucleotide Polymorphism in IGF-1 Gene and Bodyweight of 
Rainbow Trout (Oncorhynchus mykiss) 
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Traditional rainbow trout breeding technology, such as SNPs, assists rainbow trout fish strains. In this study, 28 
male fish,237 female fish, and a total of 265 rainbow trout were used for gene sample collection. We found five 
single nucleotide polymorphisms and two single nucleotide polymorphisms in the promoter. One is in the 5' UTR 
and two are in the 3'UTR at the end. In this study, we found a total of 13 genotypes. Because there are few male 
samples, these genotypes also appear in female fish and exist together. By analyzing the correlation between body 
weight and GBs, effective GBs were selected. And choose fast-growing new species, shorten the breeding cycle, 
realize the greatest economic benefits, and realize the important economic traits of rainbow trout. The excellent 
rainbow trout breeding technology system provides a reference for molecular genetics. It also provides a guarantee 
and basis for future human protection of species diversity, food and nutrition safety, and selection of high-quality 
species breeding. 
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 P0114   Ameliorative Effects of Hydrolysate Extracted from Abalone Intestine on Dermatophagoides 
farina-induced Atopic Dermatitis-like Skin Lesions in Mice Model 
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Abalone viscera (AV) is one of the byproducts of manufacturing processing and is discarded as industrial waste. 
AV gastrointestinal digest with a molecular weight distribution of < 5 kDa (LMW-AV) containing a nonameric 
peptide could suppress allergenic responses on activated HMC-1 human mast cells in our previous study. 
Regarding the allergenic response of LMW-AV, in this study, we investigated whether the oral administration of 
LMW-AV prevents atopic dermatitis (AD) in a dermatitis-induced model stimulated with Dermatophagoides 
farinae. It was found that LMW-AV reduced a number of clinical symptoms, such as the severity of the dermatitis 
and serum immunoglobulin E levels. Additionally, LMW-AV exhibited an inhibitory effect on the expression of 
chemokines and cytokines. Furthermore, histological analysis indicated that LMW-AV suppressed mast cell 
infiltration into the upper dermatitis. These consistent results suggest that LMW-AV should be considered a 
promising candidate for AD treatment. 
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 P0115   Single Nucleotide Polymorphisms Study of Rainbow Trout (Oncorhynchus mykiss) in Skeletal 
Muscles Gene Like Myostatin 
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In the animal genome, single nucleotide polymorphisms (SNPs) are broadly distributed and characterized as 
highly abundant markers. The present study aims to detect SNPs in the myostatin b gene (MSNTb) of fish 
Rainbow trout (Oncorhynchus mykiss). Two hundred and sixty-five fish blood samples were collected from the 
JangHang fish farm and divided according to their body weight and sex (237 Females and 28 Males). Using 
DNeasy Blood & Tissue Kit (QIAGEN), genomic DNA was extracted. The whole-genome shotgun sequence of 
fish Rainbow trout MSTNb gene collected from Genbank. We set the target regions like Promoter, 5’UTR, and 
3’UTR of each gene, and the targeted regions were followed by Polymerase chain reaction (PCR) or 
Amplification, Electrophoresis, Gel purification, Sequencing, Alignment, Contig and Screening for the presence 
of SNPs. We observed there was no genetic variation in the promoter region while two mutations and one insertion 
were observed in 5’UTR and four transitions in 3’UTR were described. According to nucleotide variation and 
weight of fishes, we discovered 26 different types of genotypic blocks (GBs) with a combination of SNPs. The 
selected GBs can be utilized to select parent fish for the production of high-body-weight progeny. The study's 
ultimate goal is to create a genetic marker kit for the selection of parent fish for breeding. 
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 P0116   Characterization of the Lactiplantibacillus as Potential Probiotics for Alleviating Metabolic 
Syndrome 

 
So Young PARK, Eun Ji LEE, Nan Kyung KIM, So-Jeong KIM, Sun Jay YOON, Dong Nyoung OH, Sung Jin 
JEONG, Na Yeong BEEN, Ji Hyeon KIM, Da Yeong KIM, Jin Won CHOI, Won Je JANG, Jong Min LEE 
Department of Biotechnology, Pukyong National University, Busan, Korea 
Corresponding Author Email : jmlee84@pknu.ac.kr 
 
Probiotics consumption has become a necessity in diet to metabolic syndrome. In this study, in vitro effects of 
anti-metabolic syndrome were confirmed on the probiotic strain isolated from feces. Each of the strain upregulated 
the mRNA expressions on zo-1, claudin-1 and occludin related to intestinal tight junction in human epithelial 
colorectal cell. In particular, the lactiplantibacillus treatment groups significantly upregulated the erk1/2 and map 
expression related to cell proliferation. In addition, the strain showed that upregulation of ppar-α related to fatty 
acid oxidation and downregulation of glut-2 related to glucose uptake. Based on the results of this study, we are 
conducting in vivo experiments to verify the efficacy of the probiotics for alleviating metabolic syndrome. 
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 P0117   Weight Difference by SNPs Discovered in GHR1 of Nile Tilapia (Oreochromis niloticus)  
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Nile tilapia(Oreochromis niloticus) is a widely farmed fish in China and Indochina Peninsula. Gradually the 
consumption of O. niloticus increases, and it also has economic value. Growth hormone receptor1(GHR1) of O. 
niloticus is a transmembrane protein composed of 636 amino acids and affects the growth of cells and individuals 
by accepting growth hormone. Single nucleotide polymorphisms(SNP) affect the phenotype of each individual. 
SNPs present in the promoter, 5'-UTR, and 3'-UTR of the GHR1 gene were found. PCR was performed to amplify 
the GHR1 gene using specific primers. A total of 15 SNP sites(3 in promoters, 7 in 5'-UTRs, 5 in 3'-UTRs) and 1 
deletion site(3'-UTR) were identified. By analyzing the correlation between the body weight of each O. 
niloticus and the genotypic block(GB) with a combination of unique SNPs. Subsequently, GBs with a strong effect 
on body weight change were selected. The selected GBs can be used for the selection of parent fish for the 
production of fry with high body weight. 
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 P0118   Functional Expression and Extracellular Production of a Truncational Mutant of CelA 
in Escherichia coli via the Signal Recognition Particle-dependent Pathway 
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A truncational mutant (TM1) of CelA containing a glycoside hydrolase family 9 endoglucanase and three 
cellulose-binding domains is highly thermostable and active on crystalline cellulose. The catalytically active TM1 
was successfully produced by attaching the PelB signal peptide (P-TM1), which mediates post-translational 
secretion via the SecB-dependent translocation pathway. We next sought to enhance extracellular secretion of 
TM1 through utilization of an alternative pathway, the signal recognition particle (SRP)-dependent translocation 
pathway. In fact, co-translational secretion of TM1 via the SRP pathway (D-TM1) resulted in 4.9 times higher 
specific activity in the culture medium compared to the case of P-TM1 overexpression. By batch fermentation, 
recombinant Escherichia coli overexpressing D-TM1 produced 1.86 ± 0.06 U/mL TM1 in the culture medium 
with specific activity of 1.25 ± 0.05 U/mg cell, which were 2.7- and 3.7-times higher than the corresponding 
values of the strain overexpressing P-TM1. We anticipate that the TM1 secretion system developed in this study 
can be applied to enhance the capacity of E. coli as a microbial cell factory for extracellular secretion of proteins 
and chemicals. 
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 P0119   Screening and Characterization of Affinity Peptides for Detection of Okadaic Acid, Known 
Marine Toxin 
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Okadaic acid (OA) is a toxin produced by various marine shellfish and can cause diarrhetic shellfish poisoning 
(DSP), when the ingestion of contaminated seafood by humans. Therefore, the detection of OA remains an 
important issue in public health and global shellfish industries. 
 In this study, an efficient and comfortable method which could easily detect okadaic acid based on affinity 
peptides, identified by phage display technique. Biopanning of the M13 phage display library against OA 
conjugated BSA led to the rapid identification of high-affinity peptides with an amino acid sequence of 
HDKLGWLHWRHY. The identified peptides were rationally designed and chemically synthesized for OA 
detection, in which biotin was used as a detection prove for ELISA. The binding affinity of synthetic peptides and 
the detection performance were observed by ELISA. Further details of the results will be presenting. 
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 P0120   Genotyping for Detecting SNPs in Growth Hormone from Nile Tilapia (Oreochromis niloticus) 
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Nile tilapia (Oreochromis niloticus) is worldwide popular fish in the aquaculture industry. Recently its production 
and consumption have been increasing annually. Growth hormone (GH) is known that it is related to growth, cell 
division, and regeneration. Also, its high expression level leads to increase in the body weight of animals. 
Previously, we identified several SNPs in the promoter, 5’-UTR, first intron, and 3’-UTR of growth hormone 
from Oreochromis niloticus (OnGH). In this study, we developed probes and optimized analysis conditions for 
detecting two SNPs. Quantitative PCR (qPCR) was performed to identify alleles present at the target sites. One 
was analyzed by the difference in Ct value and another by melting curve. In PS3 (Promoter SNP 3), GG, TG, and 
TT allele had 24.1367±0.38734, 25.5000±0.29513, and 28.3600±0.35930 as Ct values, respectively. Also, the Tm 
of CC and TT allele was 61.61 ℃ and 64.57 ℃ in 3US1 (3’-UTR SNP 1), respectively. The CT allele showed 
Tm observed in both CC and CT allele. In addition, we verified that gDNA concentration between 50 ng and 1000 
ng can’t critically affect the assay but there was a slight difference according to probe concentration. 
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 P0121   Development of Portable Real-time Fluorescence Monitoring Instrument for Multiplex 
Detection of Food Poisoning Bacteria 
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Food poisoning is caused by various causes. In most cases, food poisoning is caused by food contaminated with 
bacteria such as Salmonella or E. coli [1]. To detect these bacteria, a culture method is mainly used, but the culture 
method has a disadvantage in that it takes a long time. Recently, molecular diagnostic technologies have been 
widely used to detect these bacteria [2]. Herein, we developed a portable real-time fluorescence monitoring 
instrument that can apply various molecular diagnostic technologies to detect food poisoning bacteria. This 
instrument can measure multiple fluorescence signals simultaneously, and real-time analysis is possible. In this 
study, we successfully analyzed E.coli, coliform, and total bacteria from livestock processed products by using 
Cas12a-based isothermal fluorescence generation system with the developed instrument. Since this instrument is 
small and easy to use, we expect that food poisoning bacteria can be easily detected in the field by using the 
instrument. 
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 P0122   Development of Highly Informative Single Nucleotide Polymorphism (SNP) Assay for 
Genotyping in Hexaploid Wheat (Triticum aestivum L.) 
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Wheat (Triticum aestivum L.) is a major cereal crop in worldwide and an amount of new varieties are produced 
annually. Therefore, robust and cost-effective molecular markers for wheat cultivar identification are required for 
plant variety protection (PVP). Single nucleotide polymorphisms (SNPs) are the most abundant and evenly 
distributed in genome enough to identity various crop, including rice, barley and so on. The use of SNP marker 
for variety identification is highly informative and cost-effective method to protect of Plant Breeding Right (PBR) 
where DUS (distinctness, uniformity and stability) testing. The wheat (2n = 6X = 42; AABBDD) are hexaploid, 
the SNP loci for development of marker which are conserved located in A, B and D sub-genome commonly were 
discovered by genotyping by sequencing (GBS). The GBS was performed with 35 wheat varieties and selected 
37,098 SNPs out of a total 84,743 SNPs loci which were commonly detected in A, B and D sub-genome. Finally, 
429 candidate SNP loci which were commonly located each sub-genome of wheat selected to design SNP marker. 
Primer sets showing SNPs were redesigned to Allele specific PCR (AS-PCR) primers and then we finally selected 
a total of 10 core SNP markers include 1 InDEL and DNA database was constructed for cultivar identification of 
wheat. The Average polymorphism information content (Shannon’s information index) was 0.503, ranging from 
0.224 to 0.691. The multiplex system was constructed for effective application of Korean wheat cultivar 
identification in PVP. These highly informative SNP markers will useful for variety identification related to seed 
dispute and DUS testing. In addition, the results from our study will support protection of breeders’ rights. 
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 P0123   Bioconversion of Inositol Isomers by Enzymes and Microbial Fermentation 
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Inositol is a vitamin-like substance and found in foods such as fruits, beans, grains, and nuts. Inositol can be found 
in many isomers. The isomer D-chiro-inositol is a postreceptor signaling molecule of insulin action. However, the 
studies have documented that inositol in the ice plant (Delosperma) consist mainly of myo-inositol form, which 
is very low in biological utilization efficiency. The objective of this study was to investigate the optimal processing 
conditions for conversion of inositol into D-chiro-inositol form in the ice plant and to improve the biological 
utilization by enzyme treatment and fermentation. To convert inositol into D-chiro-inositol form, 0.5% (v/v) 
enzyme complexes(viscozyme, and celluclast), which consists of glucanase, xylanase, cellulase and hemicellulase 
was treated at 50℃ for 4h. In addition, fermentation was performed using an inositol 2-dehydrogenase producing 
strain, which was identified as Bacillus subtilis, Lacticaseibacillus casei, and L. paracasei by 16S rDNA analysis. 
The contents of D-chiro-inositol was significantly increased by enzyme treatment and fermentation in the ice 
plant. The results suggest that these methods to convert inositol to D-chiro-inositol can be applied for the use of 
ice plant processing as functional food biomaterial. 
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 P0124   Isolation of Gluten-degrading Lactic Acid Bacteria from Fermented Foods 
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Gluten is the cause of celiac disease, which impairs the absorption of nutrients in the intestine. Patients with this 
disease cannot eat foods containing flour, such as bread and noodles. The purpose of this study is to isolate lactic 
acid bacteria that decompose gluten in fermented foods. Among the 249 strains which degraded skim milk, 24 
strains utilized gluten as a nitrogen source. Gluten degradation was confirmed with Coomassie Blue reagent, 
and Lactobacillus rhamnosus was used as a control. Three strains were identified as Weissella hellenica based on 
the nucleotide sequence of the 16S ribosomal RNA gene. 
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Makgeolli is a traditional Korean alcoholic beverage brewed with rice and conventional Korean starter, nuruk, or 
yeast, and then roughly filtered. The flavor is a critical factor that indicates the quality of makgeolli. Still, it is 
difficult to express its characteristics because it is intricately related to various volatile flavor compounds. In this 
study, flavor patterns for the 34 makgeolli from all over the country were analyzed using an electronic nose. Flavor 
characteristics of makgeolli were largely dependent upon starters used for the brewing. In addition, based on the 
principal component analysis, it was revealed that flavor pattern was also influenced by the region where starters 
were made and sterilization status. Further discrete research is in progress to qualitatively identify volatile 
components crucially affecting flavor characteristics of makgeolli. 
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Saccharomyces cerevisiae is a yeast used to ferment beer or bread. Among 2,874 yeasts isolated from traditional 
Korean foods, forty-six strains were identified as S. cerevisiae. Five strains were selected for good ethanol 
production capability. Analysis of flavor components revealed that the selected strains produced more flavor 
compounds than the commercially available control strain. The chosen strains showed similar fermentation rates 
to those of commercial yeasts. In conclusion, the yeasts isolated from traditional fermented foods exhibited the 
alcohol fermentation pattern and aroma content of beer compared to the commercially available strain. It was 
concluded that S. cerevisiae isolated from traditional fermented foods could be a suitable workhorse for brewing. 
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(-)-α-Bisabolol is a major sesquiterpene in the essentional oil of German chamomile, a potent cosmetic ingredient 
with whitening, skin-smoothing, antibacterial and anti-inflammentary activities. In this study, metabolic 
engineering strategies were attempted to produce (-)-α-bisabolol in Saccharomyces cerevisiae. The codon-
optimized MrBBS gene coding for (-)-α-bisabolol synthase from Matricaria recutita was expressed in S. 
cerevisiae for (-)-α-bisabolol production. The resulting strain (DM) produced 9.5 mg/L of (-)-α-bisabolol in 24 h 
of batch culture. Additionally, the mevalonate pathway was intensified by introducing a truncated HMG1 gene 
coding for HMG-CoA reductase and ERG10 encoding acetyl-CoA thiolase. The resulting strain (DtEM) produced 
a 2.9-fold increased concentration of (-)-α-bisabolol than the DM strain. To increase the acetyl-CoA pool, 
the ACS1 gene coding for acetyl-CoA synthetase was also overexpressed in the DtEM strain. Finally, the DtEMA 
strain produced 124 mg/L of (-)-α-bisabolol with 2.7 mg/L-h of productivity in a fed-batch fermentation, which 
were 13 and 6.8 times higher than the DM strain in the batch culture, respectively. Conclusively, these 
metabolically-engineered approaches might pave the way for the sustainable production of other sesquiterpenes 
in engineered S. cerevisiae. 
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An evolved Saccharomyces cerevisiae HJ7-14 with high ethanol productivity from algal galctose was 
characterizated by genomic, transcriptomic and metabolomics tools. Genome sequencing of the HJ7-14 revealed 
a point mutation in the GAL83 gene (G703A) involved in the catabolite repression as well as the galactose 
metabolism. Cultural and transcriptional analyses of a S. cerevisiae mutant with chromosomal GAL83(G703A) 
indicated that the catabolite repression onto the galactose metabolism was considerably relieved in all cell growth 
stages. Untargeted metabolomic approach revealed that metabolic phenotypes between the control D452-2 and 
HJ7-14 strains were clearly discriminated in time-dependent manner. Especially in early growth stage at 6 h, the 
HJ7-14 showed dramatic and coordinated alteration in central carbon and amino acid metabolisms. Through 
metabolomic re-organization, fold changes in fatty acid metabolism and metabolites related to stress response 
system were also found upon glucose depletion and active galactose utilization. Multi-omic characterization using 
genome sequencing, transcription and metabolome profiling clearly unveiled that the GAL83 gene mutation 
partially relieved glucose-dependent catabolite repression and allowed the evolved HJ7-14 to efficiently convert 
algal sugars to ethanol. Our finding could be applicable for engineering of S. cerevisiae able to covert red algal 
biomass to other biofuels and biochemicals. 
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 P0129   Biological Production of Azelaic Acid from Nonanoic Acid and Its Esters by Biotransformation 
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Azelaic acid is a saturated dicarboxylic acid with nine carbons and has multiple applications in plastic and 
cosmetic industries. Chemical oxidation of oleic acid with ozone (called ozonolysis) allows the production of 
azelaic acid and a major byproduct of nonanoic acid. To increase the total yield of azelaic acid in the ozonolysis, 
in this study, sustainable biotransformation process using a whole cell biocatalyst was developed to directly 
convert nonanoic acid and its esters to azelaic acid. Candida tropicalis ATCC20962 immediately cleaved ethyl 
nonanoate to nonanoic acid after ethyl nonanoate addition, and then converted nonanoic acid into azelaic acid 
with the aid of nonane addition and continuous glucose supply. Finally, a fed-batch biotransformation by 
continuous feeding of pure nonanoic acid resulted in the production of 30.1 g/L azelaic acid with 0.30 g/L-h 
productivity and 90% molar yield. By combination of the ozonolysis and our process, a maximum of 95% molar 
carbon yield of azelaic acid from oleic acid was estimated. This is the first report that nonanoic acid and its esters 
were directly and biologically transformed to azelaic acid with over 90% yield, and would be a groundwork for 
the biotransformation of fatty acids with under nine carbons to the corresponding α,ω-dicarboxylic acids. 
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D-Ribose is a five-carbon monosaccharide. D-Ribose made from D-glucose through the pentose phosphate 
pathway (PPP), It is an expensive sugar that is a synthetic material for riboflavin, ATP, and analogues of 
Nucleotides used in antiviral drugs. To increase ribose productivity using Bacillus subtilis, random mutation was 
performed using 2-Aminopurine. The FLIPRbs-F16A biosensor can measure the concentration of D-ribose by 
Fluorescence Resonance Energy Transfer (FRET) phenomenon, which appears by CFP on the N-terminal of the 
ribose binding protein and YFP on the C-terminal. D-Ribose concentrations were analyzed rapidly using the 
FLIPRbs-F16A biosensor on 60 samples cultured in 96-well plates. 17 strains with a high level of D-ribose 
production were selected, and strains that produced D-ribose of up to 18.2 g/L in the flask fermentation for 72 
hours were found, and the control strain produced ribose of 12.5 g/L in the same culture time. However, there was 
a colony-by-colony variation in which the productivity of ribose was different for each colony. We need to 
stabilize the selected mutant strain and proceed with RNA sequencing. 
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Measuring the amounts of free amino acid (FAA) has been steadily needed in areas such as clinical pathology and 
food hygiene. Current methods to measure the amounts of FAAs is colorimetric assay using Nynhydrin and 
chromatography, but the Nynhydrin assay has different results depending on the species of FAA, so the results 
vary depending on the FAA composition of the analyte. For accurate analysis of FAA contents, it is almost the 
only way to measure and integrate the amount of each FAA by chromatography. However, chromatography is 
difficult to use in the field because it is time consuming and requires specialized skills. Therefore, there is a need 
for a technology that can easily and accurately determine the total amount of FAAs in the field. To this end, a 
carbon paper (CP) electrode modified with L-amino acid oxidase (LAAO) was designed. The LAAO breaks down 
all kinds of FAA except Proline to produce pyruvic acid, amine, and hydrogen peroxide (HP). HP was selected as 
the detection target of the electrochemical sensor because pyruvic acid has different species and amine is easily 
interfered. CP electrode for detecting HP has been functionalized with manganese oxide that can specifically 
detect HP. Therefore, the developed sensor replaces FAA with HP regardless of species through LAAO attached 
to the sensor and measures total FAA contents with a signal through HP. 
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Ractopamine hydrochloride, the family of β-agonists, is widely used as growth promotant to increase feed 
efficiency and weight gain of livestock production. Despite these advantages, ractopamine is narrowly approved 
in many countries due to its potential risks for human. Many analytical methods for the monitor of ractopamine 
in livestock depend on instrument-based analysis such as HPLC, LC/MS, and GC/MS which are need to high 
cost, sophisticated techniques, and complicated sample pretreatment. Lateral flow immunoassay (LFIA) technique 
used in this study gives many advantages such as the cost-effectiveness, rapid detection, and simplicity. Herein, 
we successfully develop the LFIA strips for detection of ractopamine in pork. The assay used a specific antibody 
as receptor and gold nanoparticles as probe for detection of ractopamine through competitive LFIA. As a results, 
5 ppb of ractopamine can be detected in less than 10 min and selectivity was evaluated against ractopamine and 
ractopamine analogues. We expect that our LFIA sensor was significantly faster than the conventional analysis 
and possesses the potential of rapid POC testing for food safety monitoring of ractopamine. 
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Transient receptor potential (TRP) channels play an essential role as environmental sensors in primary afferent 
neurons. The transient receptor potential vanilloid type 1 (TRPV1) channel, also known as the capsaicin receptor, 
is critical to chemical and physical sensation, and is regulated by anesthetic chemicals through an unknown 
mechanism. In the present study, we investigated the effect of gomisin A on human TRPV1 channel activity. 
Schisandra chinensis contains bio-active compounds such as the gomisin derivatives and their related compounds. 
Co-application with gomisin A inhibited the capsaicin-mediated inward peak current. This inhibitory effect of 
gomisin A on capsaicin-induced inward current showed concentration-dependence, and was reversible. In 
addition, this inhibition occurred in a non-competitive and voltage-insensitive manner. Furthermore, molecular 
docking studies of gomisin A on TRPV1 showed it interacted predominantly with residues at cavities in the 
segment 1 and 2 of each subunit. Four potential binding sites for this ligand in the extracellular region at sensor 
domain of TRPV1 channel were identified. Point mutagenesis studies were undertaken, and gomisin A potency 
decreased for both the Y453A and N467A mutants. The double mutation of Y453 and N467 was significantly 
attenuated inhibitory effects by gomisin A. In summary, this study revealed the molecular basis for the interaction 
between TRPV1 and gomisin A, and provides a novel potent interaction ligand. 
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In the present report, we studied the modulation of triterpenoids on the activity of the human nicotinic 
acetylcholine receptor type alpha3beta4. Two-electrode voltage clamp experiments were used to test acetylcholine 
mediated inward current (IACh). Treatment with triterpenoids (dehydroeburicoic acid, 6-hydroxypolyporenic acid 
C and pachymic acid) inhibited IACh in a concentration dependent and reversible manner. The inhibitory 
regulation of IACh by each triterpenoid showed in a non-competitive manner on the activity of alpha3beta4 
nicotinic acetylcholine receptors. These results show that triterpenoids (pachymic acid, dehydroeburicoic acid, 
6α-hydroxypolyporenic acid C) can be used as agents to modulate the activity of nicotinic acetylcholine receptor 
type alpha3beta4. Furthermore, molecular docking studies of 6-hydroxypolyporenic acid C on alpha3beta4 
nicotinic acetylcholine receptors in silico showed that this molecule interacted predominantly with residues at 
cavities in the alpha3beta4 subunit. This docking assays indicated four potential binding sites for this ligand in 
the extracellular region at sensor domain of alpha3beta4 nicotinic acetylcholine receptors. In point mutagenesis 
of those whose Ala substitution, 6-hydroxypolyporenic acid C potency decreased on W25A of alpha3 subunit or 
N109A of beta4 subunit in both mutants. The double mutation of W25A of alpha3 subunit and N109A of beta4 
subunit was significantly attenuated inhibitory effects by 6-hydroxypolyporenic acid C. All taken together, this 
study revealed that molecular basis of alpha3beta4 nicotinic acetylcholine receptors by triterpenoids and provides 
a novel potent interaction ligand. 
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Maple has been known to be a rich source of polyphenols and possess antioxidant activity[1, 2], some maple 
products have been used in the treatment of diseases[1-5]. However, the relationship between polyphenols content 
and antioxidant activity, and different colors of maple leaves has not been investigated. In this study, the 
concentrations of total polyphenols (TP), total flavonoid content (TFlav), tannin content (TET), chlorophyll a and 
b (Chl a and b), anthocyanins (TAN), and total carotene (TAC) in maple leaves of different colors (green, yellow, 
and red) were evaluated, and their antioxidant activities were determined based on inhibition of lipid oxidation, 
DPPH scavenging, ferric ion-reducing antioxidant power, and iron-chelating abilities. The TP, TET, TFlav, TAN, 
and TAC of red maple leaves were higher than those of green and yellow leaves. Conversely, green leaves had 
the highest content of Chl a and b. In addition, red maple leaves showed higher antioxidant effect than the leaves 
of other two colors. We observed that the antioxidant activity was positively correlated with TP, TFla, and TAN, 
and negatively correlated with Chl a and b. These results suggest the use of red leaves in the development of 
functional foods and medicinal applications, being a good source of polyphenols and antioxidants. 
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The production of value-added products such as xylooligosaccharides (XOS) from lignocellulosic biomasses 
using eco-friendly refining technologies has become increasingly important. In this study, high-concentration 
XOS from empty fruit bunch (EFB) was produced on a pilot scale using twin-screw extrusion, continuous 
hydrothermal treatment, and membrane-based concentration in sequence. And laboratory-scale optimization using 
the xylanases-based hydrolysis of hemicellulose hydrolysates was performed to produce high content of xylobiose 
and xylotriose, which are the most suitable nutritive materials for the growth and activity of Bifidobacterium and 
Lactobacillus brevis spp. The xylobiose and xylotriose under the optimized conditions were acquired on the pilot 
scale. Furthermore, a novel approach involving a combination of enzyme-mediated radical polymerization and 
ultrafiltration-membrane-based separation was applied to purify XOS by removing the undesired side products 
such as phenolic compounds. As a result, more than half of the total phenolic compounds in the crude XOS were 
removed, and the developed process was proved to be effective. 
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Sejong Jochiwon peaches are a nationally famous agricultural product. Our goal was to develop a high-quality 
handmade beer with a peach flavor using local peaches. For this purpose, three peach varieties (Honggeumhyang, 
Baekcheonhwangdo, Yanghongjang) were tested and various peach hop additives were prepared according to 
different drying methods, final shapes, and parts of the peach. A total of 32 different beers were produced by 
adding the peach hop additives in the dry-hopping secondary fermentation process. The quality of the 
manufactured beer products was evaluated through physicochemical analysis as well as sensory tests such as taste 
and flavor. GC-MS analysis identified two peach-flavored chemicals in some beer products: hexanoic acid and 
octanal. If the quality of the beer is further improved, it is expected to be commercialized. 
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Biochars (BCs) have various functional groups as well as porous structures owing to their low pyrolysis 
temperature. In this study, various BCs were prepared from pine wood powder as adsorbents for the removal of 
heavy metals and benzene. To improve the adsorption capacity for heavy metals, BCs were entrapped in calcium 
alginate (Alg) hydrogel beads. Adsorption properties of Alg/BC for cupper ions and benzene were highly 
dependent on the pyrolysis condition to prepare BC and the mixing ratio of Alg and BC. Moreover, carboxymethyl 
cellulose (CMC) was blended with Alg/BC to make re-swellable composite beads which can be easily re-swell 
after drying condition. Finally, Alg/CMC/BC hydrogel beads were eco-friendly prepared with cheap price and 
proved to be used as commercial adsorbents for heavy metals and organic compounds including benzene. 
 
Keywords : biochar, alginate, adsorption, benzene, copper, CMC 
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Method 

 
Hyeong Ryeol KIM1, Eun Jeong KIM1, Kyung Rae KIM1, Ja Hyun LEE2, Hah Young YOO3, Chulhwan PARK4, 
Seung Wook KIM1 
1Department of Chemical and Biological Engineering, Korea University, Seoul, Korea, 2Department of Food 
Science and Engineering, Dongyang Mirae University, Seoul, Korea, 3Department of Biotechnology, Sangmyung 
University, Seoul, Korea, 4Department of Chemical Engineering, Kwangwoon University, Seoul, Korea 
Corresponding Author Email : kimsw@korea.ac.kr 
 
With increasing interest in environmental and energy issues, biochar-based supercapacitors had attracted much 
attention as eco-friendly energy storage modules. However, most of the biochar-based supercapacitor was not 
flexible for application as a flexible device. In this study, we developed the biochar-based flexible all-solid-state 
microsupercapacitor using pen lithography which was one of the ink-jet methods. The biochar was produced using 
nitric acid pretreated waste rice straw. The modified biochar by nitric acid was favorable to applicate as ink due 
to its excellent dispersion by an increased hydroxyl group. Moreover, it had increased specific surface area and 
graphitic carbon structure, resulting in increased electrochemical double-layer capacitance. Poly(3,4-ethylene 
dioxythiophene) (PEDOT) was added for increasing mechanical stability with flexibility and an optimized 
concentration of manganese(IV) oxide was added for increasing pseudocapacitance. The energy density of the 
fabricated microsupercapacitor was 14.0 Wh kg-1 at a power density of 53.1 W kg-1. The proposed micro-
supercapacitor suggested a cost-effective and eco-friendly platform for fabricating energy storage modules using 
waste rice straw. 
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Research about the production of biofuels has been carried out world widely because of many environmental 
issues and economic competitiveness. Among biofuels, biodiesel established one of successful examples, which 
produce fatty acid methyl/ethyl esters (FAMEs/FAEEs) by wax ester synthase from Marinobacter hydrocarbo-
noclasticus (MhWS). In this study, we enhanced production of FAEEs in Yarrowia lipolytica by abolishing the 
DUF 1298 motif of MhWS. This resulted in 152.3 mg/L of extracellular FAEEs. To secure enough cell growth, 
ethanol was inducted in the late exponential phase and the amount of extracellular FAEEs increased to 757.64 
mg/L. Also, further integration of biotin carboxylase gene improved the production of FAEEs, which produced 
849.81 mg/L. Furthermore, the addition of LiOAC caused the increase of secretion, which resulted in 940.40 mg/L 
of extracellular FAEEs. Finally, we optimized culture system to get more cell growth and glucose uptake. As a 
result, total production of FAEEs reached to 2.37 g/L at 120h. This study can show progression to the production 
of biodiesels, which can offer another strategy to construct culture system. 
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Lipase is well-known as a biocatalyst for the green process to produce biodiesel in charge of a sustainable 
environment. Enzyme immobilization is a strategy focusing on the application of continuous cycles in the 
enzymatic process system. In this study, an economical and simple immobilization technique was designed for 
repeated use of enzymes while stably maintaining enzyme activity through enzyme-metal-phosphate 
encapsulation. First, the evaluation of lipase activity on metal ions was carried out to determine the substance for 
encapsulation. As a result, the lipase activity showed the highest in Tris-HCl buffer containing copper ion. In 
particular, the self-assembled lipase-copper-phosphate (SALCP) in phosphate-buffered saline showed a highly 
porous and robust inorganic surface by SEM. Immobilized lipase through SALCP showed improved enzyme 
stability over a wide broad of pH and operating temperatures compared to free lipase. In addition, SALCP 
succeeded in maintaining more than 80% of lipase activity under the biodiesel conversion process for 10 cycles. 
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Today, waste plastics after humans usage frequently causes serious environmental problems and their detection 
methods have been lagged due to many obstacles.  
In this study, using polystyrene binding peptide (PSBP), which was combined into micropatterns having gold 
nanorods (Au NRs), microplastic detection system was developed from lithographic trimethylolpropane 
ethoxylate triacrylate (ETPTA) micropatterning. Au NRs could amplify the peak of polystyrene (PS) micro-
plastics under FT-IR spectroscopy, which could make PS detection more efficiently. Its effect is believed to be a 
plasmonic origin and it could detect microplastics in low PS concentration to solve problem associated with 
vibrational spectroscopic detection.  
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As people consume more fish, the enormous amount of fish waste is generated, urging efficient means to solve 
the related environmental problems. Biodegradation is known a good alternative means to treat this waste 
containing organic compounds, and the resultant culture broth is reutilized as a biofertilizer. To produce 
biofertilizer from fish waste, fish waste was first biodegraded using protease-synthesizing bacteria. The 
biodegradation was performed in a 1 L flask at 45℃ for 72 h. The biodegradation after 72 h revealed 
1.01×108 CFU/ml with 33.7% hydrolysis, and the 72-h culture broth was used as biofertilizer for wheat sprout 
hydroponics. The hydroponics was conducted for 14 days against control, and the influential factors of wheat 
growth were investigated. The leaf, root length and weight of wheat were influenced by the small peptides 
generated from protein degradation by the used microorganisms. The increased amounts of the used micro-
organisms in the biofertilizer solution also affected the growth of wheat. The used microorganisms revealed some 
activities beneficial to plant growth. Therefore, both small peptides and increased biomass in the biofertilizer 
solution are important to produce good-quality biofertilizer. 
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 P0207   Antioxidant Activities of Tuna Hydrolysates Obtained from Microbial and Acid-thermal 
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Tuna is one of the most popular fish in the world, which occupies ~26% of seafood exports in Korea. As a 
preservable food, tuna cans are explosively purchased during COVID-19 pandemic. For this reason, the amount 
of tuna waste is gradually increasing, urging efficient means to solve the related environmental problems caused 
from this waste. As a means of reutilization tuna waste, we sought to extract bioactive peptides from tuna 
hydrolysates. To obtain the tuna hydrolysates, biodegradation was performed in a 2 L flask at 45°C for 72 h using 
a mixture of 11 species of protease-synthesizing Bacillus sp., resulting in 32.3% of hydrolysis. The highest 
antioxidant activity (92.3%) was obtained after 6-h biodegradation at the lowest pH (6.13). In parallel, tuna 
hydrolysates were obtained by acid-thermal hydrolysis. The acid-thermal hydrolysis was conducted at pH 1, 
followed by 20-min autoclaving. The resultant tuna hydrolysates exhibited 79.1% of antioxidant activity with 
59.7% of hydrolysis. It has known that amino acids such as cysteine and methionine are completely destroyed by 
acid treatment, while amino acids such as tyrosine are partially destroyed. These amino acids are all contributors 
to antioxidant activity. Thus, this lower antioxidant activity might be caused by the damage of antioxidant-
activity-contributing amino acids from the acid treatment. From the above results, microbial hydrolysis using 
protease-synthesizing microorganisms was concluded to have some advantages over acid-thermal hydrolysis, and 
thus increase in the degree of biodegradation would be critical to obtain diverse bioactive peptides. 
 
Keywords : tuna waste, biodegradation, acid-thermal hydrolysis, bioactive peptides, antioxidant activity 
 
References 
1. J. Y. Cho and J. K. Kim, Isolation and identification of a novel algicidal peptide from mackerel muscle 

hydrolysate. Journal of Chromatography B, 1093-1094, 39-46 (2018). 
2. H. Y. Jung and J. K. Kim, Eco-friendly waste management of mackerel wastewater and enhancement of its 

reutilization value. International Biodeterioration & Biodegradation, 111:1-13 (2016). 
 
  

313



Convergence of Biotechnologies in the 4th Industrial Revolution Era2021 한국생물공학회 추계학술발표대회 및 국제심포지엄
2021 KSBB Fall Meeting and International Symposium

 P0208   Direct and Indirect Electron Uptake Drives Different Metabolite Productions from 
CO2 Electrosynthesis in Rhodobacter sphaeroides 
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The electron donor is essential to provide respiratory energy to the metabolism of living organisms. Although 
most microbes usually uptake electrons from soluble organic matter or reduced inorganic compounds (i.e. electron 
donors), some electroactive bacteria can directly uptake electrons from the solid electrode surface. However, most 
previous studies focus on reduction of C1, so far less is known about the metabolic shift and electron transfer 
mechanism of direct and indirect electron uptake in CO2 fixation. In this study, we focused on polyhydroxy-
butyrate (PHB) as the target product from CO2 electrosynthesis to examine the direct and indirect electron uptake 
of Rhodobacter sphaeroides. Our results show that R. sphaeroides converts more CO2 into products (i.e., PHB) 
by direct electron uptake, but the cell grow slowly compare to indirect electron uptake. Notably, although cells 
growth is retarded, and both Rubisco form I and form II are highly down-regulated in direct electron uptake, but 
the NADH depend isocitrate dehydrogenase expression is stimulated by direct electron uptake. The Direct electron 
uptake and CO2 fixation also occurs under dark conditions, uncoupled from photosynthesis. Therefore, there may 
be an unknown CO2 fixation pathway other than the Calvin cycle using direct electron uptake from cathode. 
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Strigolactone, one of the phytohormones, improves cell growth and photosynthesis and alleviates oxidative stress 
in various plants and microalgae. In this study, the effect of strigolactone dose on lipid and astaxanthin production 
in Haematococcus pluvialis was investigated. Five different concentrations (0, 2, 4, 6, and 8 µM) of the 
strigolactone analog rac-GR24 were initially added during 30 days of photosynthetic flask cultivation. Overall, 
the addition of rac-GR24 improved both cell number density and chlorophyll concentration in H. pluvialis 
cultures with an optimal value of 8 mM compared to the control. Despite reduced lipid and astaxanthin content in 
mature H. pluvialis cyst cells, the volumetric lipid (361.6 ± 48.0 mg/L) and astaxanthin (26.1 ± 1.7 mg/L) 
production significantly improved by 61% and 21%, respectively, compared to the untreated control. This was 
attributed to improved biomass production. This study suggests that low micromolar levels of strigolactone can 
promote photosynthetic growth of H. pluvialis while significantly retaining the biosynthetic capability of lipid 
and astaxanthin, products of interest in the algal biorefinery. 
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As concerns and problems about environmental pollution accelerate, interest in eco-friendly materials is growing 
day by day. This study is in the process of making bioplastic, made from renewable raw materials, reflecting this 
era. In particular, we produced protein module that linked and recombined fibronectin and leghemoglobin in 
various ways to develop bioplastics with electrical conductivity. The recombinant protein module was 
manufactured by introducing SPYcatcher and SPYTag modules derived from Streptoccus pyogenes via overlap 
PCR at both ends of Leghemoglobin. In addition, SPYTag-GmLegC2-SPYTag and SPYcatcher-GmLegC2-
SPYcatcher were manufactured to compensate for the problems of random bonds according to the of properties 
SPYcatcher-GmLegC2-SPYTag in polymer production. This process helps stable polymer production by 
allowing monomers to connect well in a straight line. After polymerizing several combinations of fibronectin and 
leghemoglobin, the optimal combination of electrical conductivity monomers will be selected by conducting 
analytical evaluations related to expression, binding force, and safety. 
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 P0211   Performance and Bacterial Communities of Successive Alkalinity-producing Systems (SAPSs) in 
Passive Treatment Processes Treating Mine Drainages Differing in Acidity and Metal Levels 
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Successive alkalinity-producing systems (SAPSs) is a key unit process in the passive treatment of acidic mine 
drainage. Physico-chemistry and pyrosequencing-based bacterial communities of two passive treatment processes 
in Gapjung (GJ) and Seokbong (SB) were analyzed. The influent of SB harbored higher levels of acidity and 
metals than that of GJ. SAPS-SB demonstrated better performance of acidity neutralization and metal removal 
than SAPS-GJ, despite its shorter hydraulic retention time and higher acidity. System diagnosis revealed that the 
capacities of SAPSs were not well predicted in the design steps. Bacterial diversity indices and composition were 
compared at the same sequence read number for fair evaluation. Most of the bacterial sequences were affiliated 
with uncultured species. A notable difference was observed in the bacterial community compositions of the SAPSs 
in GJ and SB. Classes of putative sulfate-reducing bacteria, Clostridia (8.3 %) and Deltaproteobacteria (6.1 %), 
were detected in SAPS-GJ, and Clostridia (14.6 %) was detected in SAPS-SB. Bacilli, which is not a known 
sulfate-reducing bacterial group, was the second largest class (12.8 %) in SAPS-GJ and the largest class (51.1 %) 
in SAPS-SB, suggesting that Bacilli may have a prominent role in SAPS. One hundred ninety operational 
taxonomic units were shared, which occupied ~10 % of each number of total operational taxonomic units in SAPS-
GJ and SAPS-SB, respectively. Bacilli and Clostridia were the major shared classes, and Bacillus, Lysinibacillus, 
and Ureibacillus were the major shared genera. Rarefaction analysis, richness estimates, diversity estimates, and 
abundance rank analysis show that the sediment bacterial community of SAPS-GJ was more diverse and more 
evenly distributed than that of SAPS-SB. 
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For practical implementation of MFC, increasing power generation is important because it is closely related with 
energy production rate and wastewater treatability. However, it is not known which relative arrangement of anode 
and cathode gives the best performance, and it is necessary to know electrochemical reference point of the brush 
anode for this. Five different brush-anode configurations were tested in a single-chambered cubic MFC. By merely 
changing a brush anode configuration, power and current densities were increased by 20% and 30%, respectively. 
The horizontally-positioned anode configuration (H1) with the closest anode-cathode distance produced the 
highest power and current. EIS showed that anode impedance and full-cell impedance were decreased by 60% 
and 49%, respectively. CE and EE were not significantly affected by the anode-cathode distance, but the horizontal 
type cells showed relatively higher CE, EE and COD removal rate and shorter batch time. The center of a titanium 
current collector and the center of carbon fibers of a brush-anode were found to be statistically-significant 
reference points for MFC electrochemistry. 
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Electrochemical Characteristics of Microbial Electrolysis  
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Microbial electrolysis cell (MEC) is an innovative electrochemical technology that decomposes organic matter in 
anode and produces hydrogen in cathode. It is imperative to use a high-performance and a low-cost cathode 
material to make the application of MEC economically viable. In this study, five different cathodes made of low-
cost materials were tested in MECs. The materials included activated carbon (AC) and nickel powder (Ni) as a 
cathode catalyst; polytetrafluoroethylene (PTFE) and polyvinylidene fluoride (PVDF) as a catalyst binder; 
stainless steel mesh (SSM) as a cathode substrate or a cathode itself. Among the tested cathodes, Ni/AC/PTFE 
obtained the best performance, followed by Ni/AC/PVDF, AC/PVDF, flamed-oxidized SSM (SSM/F) and SSM. 
Ni/ AC/PTFE exhibited the best performance in hydrogen production rate (HPR, 1.88 L/L d), hydrogen purity 
(97.5%), coulombic efficiency (124%), energy efficiency (216%), cathodic capacitance (0.9924 F), along with 
the lowest cathodic impedance (35 Ω). The worst performed SSM showed as follows: 0.57 L/L d of HPR, 71% 
of hydrogen purity, 36% of coulombic efficiency, 62% of energy efficiency, 0.0008 F of cathodic capacitance and 
62 Ω of cathodic impedance. This study shows quantitatively the electrochemical and performance transitions of 
MEC according to the cathode component changes. 
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Various materials and anode structures have been applied to enhance microbial fuel cell (MFC) performance. 
However, their comparative evaluation of performance and electrochemistry has not yet been investigated in detail 
under a same condition. In this study, a carbon-cloth anode, an anode-cathode assembly, and a brush anode with 
two different orientations were tested under a same condition for comparative analyses on their performance and 
electrochemistry, in order to reveal their unique electrochemical characteristics. The brush anode cells exhibited 
better performance than the carbon cloth cells. The brush anodes showed 41-72% higher maximum power 
densities, 18-75% higher maximum current density and 24-32% higher optimum current densities than the carbon 
cloth anodes. The brush anodes showed 25-43 Ω lower anodic polarization resistance than the carbon cloth anodes. 
The brush anodes showed 1.6-21.2 Ω lower ohmic impedance, 7.7-10.6 Ω lower charge transfer impedance and 
9.3-31.8 Ω lower anodic impedance than the carbon cloth anodes. Anodic ohmic impedance was greatest in the 
carbon-cloth-anode MFC (21.9 Ω), where loose contact between a carbon cloth and a current collector might 
cause the high ohmic resistance, and large solution resistance in the cell could diminish anode performance due 
to slow ion transport. 
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Microbial electrolysis cells (MECs) are a promising environmental system performing simultaneous organic waste 
stream treatment and producing valuable products. Electrode is a key component in a microbial electrolysis cell 
(MEC) and it needs significant improvement for practical implementation of MEC. For effective development of 
electrode technology, accurate and reproducible analytical methods are very important. Linear sweep voltammetry 
(LSV) is an essential analytical method for evaluating electrode performance; however, it has not been firmly 
established yet in the MEC field. In this study, biological brush (BB), abiotic brush (AB), Pt wire (PtW), stainless 
steel wire (SSW) and mesh (SSM)) were tested to explore the most suitable counter electrode in different medium 
conditions. Coefficient of variation (Cv) for Imax of LSV was comparatively analyzed. In BB-anode LSV, SSW 
(0.48%) and SSM (2.17%) showed higher reproducibility as a counter electrode. Reproducibility of anode LSV 
test was good in stainless steel wire and mesh as counter electrode. In SSM-cathode LSV, BB (1.76%) and PtW 
(2.01%) produced more reproducible results. In the Ni-AC-SSM-cathode LSV, PtW (3.54%) and BB (8.81%) 
produced more reproducible results. It shows electrode used in the operation is an appropriate counter electrode 
in the acetate-added condition. However, in the absence of acetate, PtW (1.24%) and BB (1.71%) produced more 
reproducible results in SSM cathode and PtW (0.61%) and SSW (1.21%) did in the Ni-AC-SSM-cathode, showing 
PtW is an appropriate counter electrode. This is because Pt is not electrochemically polarized as a counter 
electrode in the cathode LSV test. Reproducibility evaluation results in this study suggest that counter electrodes 
can be set according to the various conditions in anode and cathode LSV test. 
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Activated carbon (AC) is an inexpensive catalyst for the oxygen reduction reaction in the air cathode of microbial 
fuel cells (MFCs). However, since the electrochemical catalytic activity of AC is poor, it is necessary to improve 
its performance. The metal-organic framework (MOF) is composed of a metal ion and an organic linker. It has 
high porosity and high electrochemical catalytic activity. Herein, ZIF-67 (cobalt-nitrogen framework) was 
combined with activated carbon through ultrasonication (U) and solution precipitation (H), which was used to 
make ZIF-67U and ZIF-67H cathodes, respectively. In maximum power density, ZIF-67U cathode produced 4203 
mW m-2, and ZIF-67H did 3881 mW m-2, which is 60% and 48% higher than AC cathode (2625 mW m-2) and 
160% and 140% higher than Pt cathode (1614 mW m-2), respectively. Cobalt and nitrogen contents increased in 
the ZIF catalysts. In atomic nitrogen contents of catalyst surface, pyridine-N was 28% in ZIF-67U and 38% in 
ZIF-67H, respectively; pyrrole-N was 56% in ZIF-67U and 25% in ZIF-67H, respectively; no nitrogen was 
detected in AC. These cobalt-nitrogen increased the active site of the oxygen reduction reaction (ORR), improved 
the reaction rate, and decreased charge transfer impedance. Impedance analysis demonstrated the ZIF-67 addition 
also decreased the diffusion impedance possibly due to the improved cathode porosity. AC and ZIF-67 were 
bonded using ultrasonication and tested in the MFC for the first time, producing the highest power ever among 
the MOFs in the 50-mM phosphate-buffer-saline condition so far. 
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Microbial fuel cell (MFC) is an innovative environmental and energy system that converts biomass energy in 
wastewater into electrical energy and purify wastewater by using a microbial electrochemical reaction. For the 
practical implementation of MFC as a next-generation wastewater treatment process, MFC performance should 
be enhanced far more than the current level. Characterizations of the electrochemistry of MFC is very important 
in developing bio-electrochemical energy producing wastewater treatment process. Compared to the development 
of MFC technology, however, understanding of its electrochemical characterization is still insufficient. The main 
reason is that its electrochemical analysis is very difficult due to the complex nature of the anode biofilm, which 
is a key to generating electricity. In this experiment, the influence of the measurement potential of impedance and 
the scanning rate for polarization curve on the MFC electrochemistry was investigated. The experiment was 
performed after stabilizing the system for accurate measurement. Unlike the previous batch tests showing the 
lowest anodic impedance at -400 mV vs. Ag/AgCl, the anodic impedance decreased and the current production 
increased as the anode potential increased up to +5.7 mV vs. Ag/AgCl in the continuous flow MFC. The 
polarization curves were produced at two scanning rates (1 and 0.1 mV/s) in a continuous mode, and those 
electrochemical data were comparatively analyzed. The rapid scan rate has the advantage of being able to collect 
data in a short time, but the measured data differs from the performance value when operating the MFC with a 
constant external resistance. When it is difficult to maintain a steady state for a long time in an MFC, it will be 
possible to produce polarization curves in a short time with a faster scanning rate. When performance analysis is 
needed, the comparative analysis would be possible among the data at different conditions through extrapolation. 
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Improve Performance of Microbial Fuel Cell 
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Microbial fuel cells (MFCs) are innovative bio-electrochemical systems (BES) that are being developed for an 
energy-positive wastewater treatment process that generates electricity from organic waste with the concurrent 
wastewater treatment. Activated carbon (AC) is an inexpensive catalyst for oxygen reduction in an air cathode of 
microbial fuel cells (MFCs). In the AC-based cathode, carbon black (CB) is used as a conductive supporting 
material. In this study, it was hypothesized cathodic performance would increase if reduced graphene oxide (rGO) 
replaces CB in an optimum ratio. Because rGO has high electrical conductivity and unique shape with flat and 
large areas, it can be used for improving the electrical conductivity and facilitating electron transfer in the cathodic 
catalyst layer by intercalation into the catalyst layer in replace of CB. rGO replaced CB in the four different weight 
ratios. Maximum power density was the best in rGO15 (2,642 mW/m2) followed by rGO5 (2,142 mW/m2). In the 
optimum external resistance operation, rGO5 and rGO showed similar power (~1,060 mW/m2), higher than the 
others. Linear sweep voltammetry, cyclic voltammetry, and impedance spectroscopy also showed that the optimal 
rGO additions improved cathodic performance and reduced cathodic internal resistance. Due to the flatter and 
wider shape of rGO and 5 times higher electrical conductivity than CB, the rGO addition improved the cathodic 
performance, but the complete replacement of CB with rGO decreased the cathodic performance due to the 
increased thickness and the morphological crack. The optimum rGO addition is a simple and effective method for 
improving cathodic performance. 
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Persistent organic pollutants(POPs) are toxic chemicals that can be accumulated in the human body, especially in 
adipose tissue. POPs can induce metabolic diseases causing mitochondrial dysfunction. However, the impact of 
released POPs by decomposition of fat in adipose tissue are barely understood. To find out the effects of POPs 
from decomposed fat, zebrafish were exposed to POPs into four groups; control(C), obesity control(OC), obesity 
control with POPs(OP), and POPs exposure with obesity and caloric restriction(OPR). To assess mitochondrial 
dysfunction caused by released POPs to other organs, mitochondrial complex activity, ROS/RNS, and SOD levels 
were measured in brain, liver, and eyes. As a result, mitochondrial complex activity showed significant differences 
among each group in complex I and IV. Although SOD level showed no notable difference, ROS/RNS level was 
increased in OPR of brain and liver compared to C. Conversely, it was decreased in OPR of eyes compared to C. 
This indicated released POPs affected the mitochondrial complex activity but not in ROS/RNS and SOD level in 
brain and liver, while it affected both mitochondrial complex activity and ROS/RNS level in eyes. 
 
Keywords : mitochondrial dysfunction, oxidative stress, persistent organic pollutants, caloric restriction 
 
  

325



Convergence of Biotechnologies in the 4th Industrial Revolution Era2021 한국생물공학회 추계학술발표대회 및 국제심포지엄
2021 KSBB Fall Meeting and International Symposium

 P0220   Toxicological Effects of Polyvinyl Chloride and Low Density Polyethylene Microplastics on 
Territorial Organism 

 
Songhee LEE1, Eun Hea JHO2, Sooim SHIN1 
1Interdisciplinary Program of Bioenergy and Biomaterials Graduate School, Chonnam National University, 
Gwangju, Korea, 2Department of Agricultural and Biological Chemistry, Chonnam National University, Gwangju, 
Korea 
Corresponding Author Email : sooim.shin@jnu.ac.kr 
 
Due to the limited recovery of discarded materials and their durability, plastic debris is accumulating in the 
environment. The occurrence of microplastic has been studied exclusively in marine environments, but the 
terrestrial landmasses have not been studied. In this study, our aim was to examine potential effects of Polyvinyl 
chloride(PVC) and Low-density polyethylene(LDPE) microplastic in earthworm which is a representative 
territorial organism. To investigate the toxicological effects of microplastic, oxidative stress and mitochondrial 
marker were measured with different concentrations of microplastic exposure. As a result, the amounts of 
ROS/RNS and GSH were increased in both PVC and LDPE groups. However, ATP synthesis was decreased in 
the PVC treated group and increased in the LDPE treated group with a similar pattern in mitochondrial electron 
transfer complex activity. These results indicate that each microplastic has different oxidative mechanisms in the 
earthworm. For PVC, an increase in antioxidant defense led to the elimination of ROS/RNS but failed for the 
LDPE-treated group. These findings will provide implications for the risk of microplastic in terrestrial ecosystems. 
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in Soil for the Development a HONO(nitrous acid) Model 
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The aim of this study is to determine the activity of enzymes by soil microorganisms and to develop a HONO 
production model according to the change in nitrogen concentration in the soil. Most plants absorb nitrogen in the 
form of nitrate (NO3

-) after ammonium (NH4
+) is converted into NO3

- by nitrifying bacteria. The NO3
- is reduced 

to nitrite (NO2
-) by nitrate reductase, which is also reduced to NH4

+ by nitrite reductase. It is important for the 
development of HONO model to measure the concentration of a nitrogen source in the soil. Soil samples were 
collected from Jeollanam-do area. Quantitative analysis of NH4

+ was performed using the indophenol method. 
For quantitative analysis of NO2

- and NO3
-, HPLC analysis at 214 nm (Sphereclone Sax column) was performed. 

The LOD and LOQ of NO2
- and NO3

- were lower than 0.1 ppm and 0.2 ppm, respectively. The concentration 
decreased with increasing soil depth. Soil samples from soybean fields had a reduced NO3

- concentration from 
111.60 ppm to 46.20 ppm. We plan to complete the HONO emission model by measuring the change in the 
nitrogen concentration and the activity of related enzymes in Korean soil and estimating the reaction rate constant. 
 
Keywords : soil, microorganism, reductase, HPLC, nitrate, nitrite, ammonium, HONO 
 
  

327



Convergence of Biotechnologies in the 4th Industrial Revolution Era2021 한국생물공학회 추계학술발표대회 및 국제심포지엄
2021 KSBB Fall Meeting and International Symposium

 P0222   Electro-fermentative Metabolic Shift of Clostridium aurantobutyricum on Potentiostatic Glucose 
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Electro-fermentation is recently expected to enhance valuable chemical production by overcoming microbial 
metabolic properties by electrochemically-driven metabolic shift1. The metabolite of Clostridium aurantobutyricum 
was examined in three electrode potentiostatic system on glucose with and without mediator addition (neutral 
red). The pure culture of C. aurantobutyricum in initial stationary phase on growth was inoculated in the 
compartment set at -0.6 V (versus Ag/AgCl) and then 30 mM of glucose was added. The results showed that the 
promotion of ethanol and butanol production in the potential applied reactors was observed compared to the 
control reactors and there was no interference of the bacterial number difference during glucose consumption. 
Increasing ethanol and butanol concentration not mainly coming from electrons at cathode electrode was 
confirmed after total coulomb calculation. We assumed that electrochemically-reducing created environment 
makes the electro-fermentative metabolic shift of the strain accelrate. 
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Macroalgae forests which are most important ecological niche underwater has been demonstrated for decades by 
human activities. Many countries have tried macroalgae afforestation, understanding settling mechanism of the 
algal spore in molecular level needs to be studied to make efficient macroalgae afforestation. Here, in this study, 
we study how mechanical stimulus triggers the settling signaling pathway of the algal spore on an intra cellular 
and extra cellular view. Regarding with intracellular mechanism, we previously found that stiffness of the 
substrate affects many morphological aspect of the settling spore, and it is speculated that mechanosensing 
membrane protein intakes calcium cation when it meets a substrate triggering calcium mediated signaling 
pathway. Regarding with extra cellular mechanism, few studies reported that there are some adhesive EPS proteins 
in algal spores and but any of the adhesive proteins have not reported in Pyropia yezoesnsis’ carpospore. We 
found that there are adhesive EPS protein candidates in the P. yezoensis spore from LC-MS/MS analysis of spore’s 
EPS. Further experiments to identify more specific mechanism of the spore’s settling mechanism is still 
proceeding. 
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 P0224   Caproate Production Enhanced by Caproiciproducens galactitolivorans through the Pathway 
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Chain elongation (CE) technology, biological conversion to medium chain carboxylic acids (MCCAs) from short 
chain organic compounds, has gained more attraction recently due to the production of value-added products from 
organic waste. In the CE process, it has always been a bottleneck that the low selectivity of MCCAs compared 
with short chain acetate and/or butyrate. In this study cell growth and metabolite composition of Caproici-
producens galactitolivorans cultivated under high hydrogen (H2) partial pressure were compared to those obtained 
from the control. The supplement of hydrogen led to a significant improvement in the final metabolite production 
ratio (n-caproate/acetate [mol C/mol C]) compared to the control (from 1.90 to 2.78). Hydrogen enhanced the 
reducing power for n-caproate production by altering the electron flow from ferredoxin to NADH, resulting in 
reduced carbon flow towards acetate production. Cultivation of Caproiciproducens galactitolivorans using 
hydrogen as an electron donor could be considered as a feasible alternative to improve the n-caproate production.  
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Bacterial nanocellulose (BNC), a value-added biomaterial, has attracted attentions as an ideal precursor for 
nanostructured energy storage materials due to its fascinating features such as high purity, high crystallinity, and 
mechanical properties. However, the cost of BNC production is a challenge for its industrial applications. The 
present study used crude glycerol from the biodiesel industry as a carbon source for BNC production 
with Komagataeibacter sucrofermentans, and higher BNC production was observed in crude glycerol medium 
than glucose and pure glycerol media. BNC from crude glycerol medium showed a density of 0.92 g cm-3 and a 
porosity of 38.6% as well as high crystallinity index (85%) and tensile strength (110 MPa). The derived carbon 
materials by carbonization of BNC demonstrated highly porous structures and were evaluated for the 
supercapacitor application. This study showed the valorization of waste resources from the biodiesel industry to 
bio-nanomaterial and the potential of derived carbon as electrode materials for energy storage applications. 
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A yearly enormous volume of cigarette butts is being disposed of in the environment with certain harmful residues. 
Filters made of cellulose acetate (CA) account for the largest proportion of discarded cigarette butts. Although 
CA is a biodegradable polymer, its decomposition rate is slow, so there is a problem that harmful substances are 
released into the ground and water. These discarded cigarette butts are made up of high carbon atoms, which could 
serve as a potential carbon source to increase the rate of biomethanation. In this study, three major types of 
pretreatment (thermal, alkaline, and thermal alkaline) were evaluated for improved methane fermentation and 
reduced hydrolysis rate. Among the all pretreated condition, alkaline and thermal alkaline pretreatment have 
predominantly enhanced the methanation rate by 1.73 and 1.33 fold respectively in total cigarettes. In the case of 
the filter, thermal alkaline pretreatment increased the methanation rate by 1.81 fold in the anaerobic digester. The 
collective data from XRD, FTIR, and SEM proves the high-level structural destruction under pretreatments. 
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Potato and sweet potato is an important food crop in the world. Crop consumption is gradually increasing, but 
production yields are declining due to injury of continuous cultivation or infection of soil-borne fungal pathogens 
such as Phytophthora infestans, Alternaria solani, Rhizoctonia solani and Fusarium spp. In order to find 
promising biocontrol agents, we have isolated 47 soil bacteria from potato cultivated soil and tested their 
antifungal activities. Among them, 3 strains were selected and identified as Bacillus velezensis RS15-1, B. 
velezensis RSS4-1, and B. velezensis PL1-1 using phylogenetic analysis based on 16S rRNA gene sequences. 
Subsequently we have optimized the medium formula using control of carbon, nitrogen mineral source for mass 
fermentation of B. velezensis RS15-1. In addition, in order to induce sporulation of the B. velezensis RS15-1, we 
adjusted temperature, pH and agitation speed in flask level. Initial incubation pH was measured from 6.83 to 7.81 
and for OD600nm it was 4.8 for 39 hours. The final viable cell count by optimized conditions was measured at 2.37 
× 109 CFU/mL. 
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The purpose of this study was to develop eco-friendly microbial agents and application technologies for the safe 
production of pepper by control of bacterial spot on pepper. Bacillus velezensis LM11 was agent antimicrobial 
activity of Xanthomonas euvesicatoria ((Xeu), KACC18722) and antifungal activities Colletotrichum coccodes 
(KACC40010), Colletotrichum acutatum (KACC40689). The antibacterial effect against Xeu of Bacillus 
velezensis LM11 was similar to that of commercially available antibiotic agrichemical (17% oxalic acid + 3% 
streptomycin). Bacillus velezensis LM11 and antibiotic agrichemical were instilled on a paper disc in agar LB 
medium containing Xeu. In addition, in order to confirm the effect on pepper seedlings, seedlings of 4-leaf stage 
were transplanted into pots, and Bacillus velezensis LM11 was diluted to 107cfu/ml and administered. After a 
week, Xeu cultured in LB was diluted to 106 and sprayed on seedlings. After inoculation with the pathogen, it was 
grown at a humidity of 80% and 32°C for one week to check the degree of disease occurrence. At the point where 
spots started to form on the sprayed leaves, the antibiotic agrichemical diluted 5 times and the antibiotic 
agrichemical were spray-treated in the treatment irrigated with Bacillus velezensis LM11. After that, the seedlings 
were grown under the same conditions until leaf spots appeared. As a result of the confirmation, the disease 
incidence of the untreated control was 61.2%, incidence of the microorganism-treated group and the antibiotic 
agrichemical group were 27.5% and 31.3%, respectively. Incidence the group treated with antibiotic agrichemical 
diluted 5 times after treatment with microorganisms, the rate of leaf rot was the lowest at 22.2%. 
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Thirteen microorganisms, expected to be cellulolytic microorganisms were isolated from Swine Manure Compost. 
All of them were rod form. Gram positive strains were 8 strains and gram negative strains were 3 strains. These 
strains were screened at 35℃ by using plate count agar containing 1% (w/v) carboxymethyl cellulose (CMC) 
instead of glucose. After culture on CMC plates, the culture plates are flooded with Gram’s iodine for detection 
of cellulase production by isolated strains. The cellulose production was detected by the formation of a clear zone 
around isolated bacterial colonies that indicated cellulose degradation. The clear zone diameter was measured in 
order to select for the highest cellulase activity producer. Among the strains, GS 4S, 5S, 7S and 11S microbial 
strains had the highest cellulase activity as a 4mm clear zone diameter. 
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Chestnut has been attracting attention as an alternative to wheat for gluten-free diets. Chestnut shell (CNS) has 
potential as a raw material for biorefinery because it contains cellulose, hemicellulose, and lignin. In this study, 
in order to improve enzymatic digestibility (ED) of CNS, pretreatment conditions were optimized using response 
surface methodology. Among alkali solvents with various concentrations, 3% (w/w) KOH was selected as the 
pretreatment solvent. The optimum conditions for CNS pretreatment derived by the statistical model were as 
follows: 75 °C of temperature, 2.8 h of time, and 77.1 g/L of S/L ratio. Glucan content and ED estimated by the 
predicted model under the optimum conditions were 83.3% and 50.0%, respectively. GC and ED of CNS 
pretreated under the optimum conditions (experimental group) were determined to be 83.2% and 48.4%, 
respectively, which were significantly improved about 1.8-fold and 3.8-fold compared to the untreated CNS 
(control group). In conclusion, it was estimated that 12.8 g of glucose would be recovered from 100 g of CNS. 
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A microbial electrochemical system (MES) is a system that converts chemical energy into electrical energy by 
utilizing electrochemically active bacteria (EAB) as catalysts. Like many other bacteria, most EABs build biofilms 
on electrodes that are electron acceptors. EAB oxidizes the substrate and transfers the generated electrons to the 
electrode through an extracellular electron transfer (EET) system. Therefore, both the macro-scale biofilm 
formation state and the nano-scale microbial EET system are key factors in the development of MES. So far, 
direct electron transport systems, which require close physical contact between electrodes and cells, and indirect 
electron transport systems, which rely on electron mediators diffused between cells and electrodes, have been 
identified. In this study, it is suggested that the electron transfer method between the electrode and the cell will 
show different trends depending on the distance from the electrode of the microorganism in the biofilm. 
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Lactic acid (LA), a monomer of polylactic acid, is attracting attention as a raw material for bioplastic production. 
In this study, Lactobacillus was used in LA fermentation using hydrolysates from spent coffee grounds (SCGs) 
as the economical medium. To remove the lignin in SCGs, the alkali pretreatment was statistically optimized 
using a response surface methodology, and the determined condition was as follows: 75°C, 3% KOH and 2.8 h. 
As a result, the enzymatic digestibility (ED) of SCGs was increased 1.9-fold compared to the control group. The 
maximum ED was achieved about 68.4% at 144 h, and the loading of the enzyme complex was as follows: 60 
FPU cellulase, 30 CBU cellobiase and 100 MNU mannanase per g biomass. The enzymatical hydrolysates from 
SCGs were used in LA fermentation and the maximum conversion was found to be 55.8% at 12 h by L. 
parabuchneri ATCC 49374. In conclusion, it was estimated that 101 g LA can be produced from 1,000 g SCGs 
through the mass balance. 
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A gram-negative, aerobic, white/pink color methanotrophic bacterium was isolated from paddy field soil around 
Gokseong, Jellanam-do, Korea. Based on 16S rRNA gene sequence similarity, this strain was identified as a 
genus Methylocystis. The most closely related type strains were Methylocystis parvus OBBPT (98.8%), 
Methylosinus sporium NCIMB 11126T (98.4%) and Methylocystis echinoides IMET 10491T (98.2%). The 
average nucleotide identity (ANI) value of strain JR2 with M. parvus OBBPT and M. sporium NCIMB 11126T 

were 79.8% and 74.5%, respectively, and digital DNA-DNA hybridization(dDDH) values were 24.5% and 16.4%, 
respectively. The major cellular fatty acids were C18:1ω7c, C18:0iso, C16:0 and summed feature 3(C16:1ω6c, 
C16:1ω7c); the predominant quinone is Q-8. The genomic DNA G+C content was 63.4 mol%. Interestingly, the 
isolate strain formed white colonies in the NMS agar plates containing normal phosphate concentration (4.2 mM) 
but showed pink color (prodigiosin analogue) in the NMS liquid medium containing low phosphate concentration 
(≤0.1mM). On the basis of the 16S rRNA genome analysis, physiological and chemo-taxonomical data, the strain 
should be classified as a novel species of the genus Methylocystis and the name Methylocystis prodigia sp. nov. 
is proposed. 
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Nature has a very sophisticated water transportation system via specialized proteins called aquaporins or water 
channels. Biomimetic membranes emerge as the next generation water purification technology with high water 
flux and low energy consumption. Despite its substantial advantages, low water permeability compared to 
theoretical performance and requirement of the specialized environmental conditions for transportation and 
storage are the major barriers in commercialization of these membranes [1,2]]. In this work, we reported a highly 
permeable ceramic substrate-based aquaporin membrane, the porous anodized aluminum oxide (AAO) substrate 
was functionalized using polydopamine coating and subsequently aquaporin biomimetic membranes were 
stabilized using electrokinetic coating on the surface [3,4]. The was subjected to forward osmosis water 
desalination and it shows exceptional high water desalination performance with water permeability of ~ 27.8 LMH 
and high membrane selectivity of 0.1 g/l. Furthermore, the membrane was subjected to cryodesiccation which 
enhances its shelf life and transportability without need of specialized environmental conditions. 
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Azadirachtin contained in Neem extract has the properties of inhibiting the feeding and growth of 413 kinds of 
insects such as Lepidoptera, Hemiptera, Locustaceae, and Nematodes. This study evaluated the acute toxicity of 
bioexposure to Daphnia magna, which has excellent toxic effect recognition effect, in order to analyze the effect 
of Neem extract biological pesticides on the aquatic ecosystem. Neem extract biopesticides used for acute toxicity 
evaluation contain about 1.6% of Azadirachtin, an insecticidal active ingredient. The first dilution ratio is at least 
2.00x10-3, azeotrope 2 is 5 concentrations, the second dilution ratio is 1.00x10-4, azeotrope 3 is 5 concentrations, 
the dilution ratio in this experiment is 1.00x10-4, azeotrope 2 is the lowest. Acute toxicity test against daphnia 
was performed a total of 3 times with 5 concentrations. Neem extract biological pesticide 48hr-EC50 calculated 
by logistic method was 518.53 μg/L of Azadirachtin concentration, NOEC was 19.75 μg/L of Azadirachtin, and 
predicted no-effect concentration (PNEC) was 0.52 μg/L of Azadirachtin. It was L. The biological pesticides used 
in this study are sprayed at a rather high concentration in the area of use. However, due to dilution by rainfall and 
adsorption and infiltration into the soil, a decrease in the amount discharged into the watershed is expected. 
Azadirachtin has biodegradation and photodegradation characteristics by microorganisms, so it is thought that the 
effect on the ecosystem in the sprayed area and water body will be different. 
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Recently, as the development and distribution of eco-friendly biological pesticides made using natural raw 
materials without using chemical materials such as organic synthetic pesticides and chemical fertilizers are 
increasing, it is necessary to evaluate the impact of these natural pesticides on the aquatic ecosystem. Product “B”, 
which has natural plant extract as its main ingredient, consists of Derris extract, garlic oil, paraffin oil, and 
supplements. The main ingredients are Rotenone, Diallyl disulfide, Paraffin oil, etc. Rotenone, which acts as an 
insecticide, contains 2.5%. Rotenone is widely used as a natural herbicide and insecticide, and is known to be 
particularly toxic to fish. 
In this study, an acute toxicity test for daphnia using Daphnia magna was performed to evaluate the toxicity that 
residues of this natural pesticide may have on the aquatic ecosystem. According to the seller's recommended usage 
method, it is suggested to dilute the product stock solution 1,000 times for use, so an experiment was conducted 
to observe the swimming inhibition rate by applying a dilution azeotrope 2 starting from 1,000 times (Rotenone 
concentration 25,000 ㎍/l), and Sigma-plot was used. As a result, the half effect concentration (48hr EC50) was 
18.7 million times dilution (Rotenone concentration 1.33 ㎍/l), and the observed no effect concentration (NOEC) 
was 80 million times dilution factor (Rotenone concentration 0.31 ㎍/l). 
The observed minimum effect concentration (LOEC) was 40 million times (Rotenone concentration 0.63 μg/l). 
Rotenone is a substance that is rapidly decomposed in soil or water and has a half-life of 1 to 3 days, and its 
insecticidal power decreases with time. 
It is known, and considering the natural decomposition effect, the amount of crops sprayed, and the dilution by 
rainfall, the effect on the aquatic ecosystem is thought to be different from the instantaneous toxicity when 
sprayed. 
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Metergoline is an ergot-derived psychoactive drug that acts as a ligand for serotonin and dopamine receptors. In 
the present study, we investigated the effects of metergoline on neuronal Nav1.2 voltage-dependent sodium 
channel activity. The two-microelectrode voltage clamp technique was used to study the regulation of metergoline 
on Na+ current in Xenopus oocytes expressing cRNA-encoding Nav1.2 α and β1 subunits in the rat brain. In 
oocytes that expressed neuronal Na+ channels, metergoline induced inhibitory effects on the peak of Na+ currents. 
The metergoline-induced tonic inhibitions of peak Na+ currents were voltage- and concentration-dependent and 
reversible. Metergoline treatment produced around 0 mV depolarizing shift in the activation voltage but did not 
alter the steady-state inactivation voltage. In addition, metergoline produced a use-dependent blockade of the Na+ 
channel after high-frequency stimulation, indicating that metergoline could exert an inhibitory effect on the open 
state of the Na+ channel. Taken together, these results indicate that metergoline might regulate neuronal Nav1.2 
voltage-dependent channels that are expressed in Xenopus oocytes. Our study further suggests that metergoline 
can be an important pharmacological target as a potent inhibitor of neuronal Nav1.2 channels. 
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For monitoring environmental conditions of remote places, sustainable power generators are necessary to power 
telemetry sensor systems. A sediment microbial fuel cell (SMFC) is a device that produces electricity biologically 
from organic matters in sediment. Because a SMFC utilizes sediment organic materials and microbial catalysts in 
river or oceanic sediment, a SMFC can be a feasible solution for sustainable power generation in remote places. 
However, oligotrophic sediment conditions often limit energy source supply, resulting in insufficient power output 
for operating electronic devices. The objective of this study is to investigate power generation and anode bacterial 
communities of SMFCs with different anode materials and carbon sources for enhancement of power output and 
longevity of SMFCs. Four kinds of anode electrodes were tested in SMFCs; a magnesium electrode (M), a 
magnesium electrode supplied with chitin particles (M+C), a graphite electrode (G), and a graphite electrode 
supplied with chitin particles (G+C). Average maximum power density was highest in Mg+C (1878 ± 982 mW 
m-2), followed by M (848 ± 348 mW m-2), G+C (1.9 ± 0.6 mW m-2) and G (0.7 ± 0.6 mW m-2). Maximum 
power densities of the magnesium electrodes were ̃1,000 times larger than those of the graphite electrodes. The 
chitin supplement increased maximum power densities by 121% in the magnesium anodes and 164% in the 
graphite anodes on average. A magnesium electrode in M+C degraded more slowly than that of M. Anode 
bacterial communities of the magnesium anodes were diverse than the graphite anodes, and the supplemented 
chitin greatly influenced anode bacterial community compositions. Although magnesium corrosion was a main 
process of power production in the magnesium-anode SMFCs, species-level anode bacterial communities were 
very different between M and M+C. Anode bacterial communities of the chitin-absent anodes had larger richness 
estimates and diversity estimates than those of the chitin-supplemented anodes, suggesting that the saturated 
carbon source greatly simplified anode bacterial communities. 
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Microbial Fuel cell (MFC) is an innovative electrochemical system, being developed for an energy-positive 
wastewater treatment process for a sustainable society. Improvement of electrode technology is very important 
for the practical use of MFC. In this study, for developing practical cathode catalyst technology, physicochemical 
modified activated carbon (AC) catalysts and platinum were tested for performance and electrochemical 
characterization in an MFC under the same condition, potentially to replace expensive platinum catalysts. 
Comparing with a maximum power density of a platinum-coated cathode (976 mW/m2), a Co-N-C/AC cathode 
made with activated carbon doped with cobalt and 1,10-phenanthroline at 800 ℃ produced 1,526 mW/ m2 in the 
MFC condition, which was 56% higher than the Pt-coated cathode. A 500AC cathode made with heat-treated 
activated carbon at 500 ℃ produced 1,394 mW/m2 and non-treated activated carbon cathode (Plain AC) produced 
1,014 mW/m2. The tested activated-carbon electrodes showed electrochemical performance and power production 
superior to the Pt-coated cathode. Electrochemical performance of cathodes was increased as more physico-
chemical treatments were added to activated carbon catalysts. Cathode impedance results showed that enhanced 
electrochemical performance was attributed to decrease of cathode charge transfer resistance, possibly due to the 
physical-chemical modification of activated carbon and the catalyst change. 
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In microbial fuel cells (MFCs), to obtain accurate and reproducible experimental results, it is important to 
determine the ‘anode maturation time’. In this study, four single-chamber MFCs were tested to know when the 
cell can produce stable and maximum performance. According to the linear sweep voltammetry (LSV) 
polarization tests, three MFCs could obtain stable maximum power densities after 9 weeks. Average maximum 
power densities from the 9th to the 17th week were highest in MFC-4 (2990 mW/m2), followed by MFC-2 (2983 
mW/m2), MFC-3 (2368 mW/m2) and MFC-1 (837 mW/m2). Polarization resistance showed that MFC-1 had much 
larger anode resistance (36.6-85.4 Ω) than the other MFCs (1.7-11.6 Ω). Possibly due to the bad inoculation, 
MFC-1 showed the lowest performance with the highest anode resistance. Anodic cyclic voltammetry (CV) 
showed that current production increased by time and MFC-1 had much smaller current production (17.09 mA) 
than the other MFCs (21.73 - 24.44 mA) in the 17th week. Current production enhancement indicated anode 
biofilm became more mature by time, but overall cell performance did not increase accordingly. However, in the 
17th week, anode resistance of MFC-1 was reduced by 47%, resulting in cell performance improvement. This 
study showed that the stable cell performance of a single chamber MFC with a brush anode was 9 weeks. 
Nevertheless, anode needed more than 17 weeks to attain the mature state. 
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Microbial fuel cell (MFC) is an innovative environmental and energy system that converts organic wastewater 
into electrical energy. For the practical implementation of MFC as a wastewater treatment process, a number of 
limitations need to be overcome. Improving anode performance is one of the major challenges, and introduction 
of a current collector can be an easy and practical solution. High-performance electrode materials make it possible 
to achieve high power generation of MFC systems by reducing internal resistance. Carbon-based materials are 
generally used for the MFC anode electrode, but their conductivity is much lower than metal materials. In this 
study, it was hypothesized increasing metal current collector areas improve anodic performance. The performance 
of the carbon felt anode was compared using titanium wire and stainless steel mesh as a current collector. In the 
IV polarization test, maximum power density, maximum current density and optimum current density were 33%, 
34% and 30% higher in CF-M (2,311 mW/m2, 16,815 mA/m2 and 7,651 mA/m2) than CF-W (1,737 mW/m2, 
12,566 mA/m2 and 5,874 mA/m2), respectively. However the stainless steel mesh used as a current collector of 
CF-M inhibits microbial growth and adhesion on the carbon felt and reduces mass transfer because it decreases 
the surface area of carbon felt. Therefore, when using stainless steel mesh as a current collector, it should be used 
in consideration of the problem of microbial adhesion. 
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An MRC is a bioelectrochemical system combining a microbial fuel cell (MFC) with a RED stack to generate 
electricity from salinity gradient and organic wastewater with simultaneous treatment. Operating an MRC at an 
optimum flowrate to RED is important because it is closely related with energy production rate and economic 
feasibility. However, influence of RED flowrates on MRC electrochemistry and power production have not been 
investigated. For this purpose, four different flowrates of high concentration and low concentration solutions were 
tested. Maximum power density was highest in 10 mL/min (3.71 W/m2) and optimum current density was highest 
in 7.5 mL/min (5.36 A/m2). By mere increasing the flowrate to MRC, maximum power and optimum current 
densities increased by 17.7% and 16.2%. EIS showed that impedances of anode, cathode and full-cell were 
decreased by 51%, 31% and 19%, respectively. Anode CV showed that peak current density was increased by 
25.7%. COD removal and CE were not affected by RED flowrate. Power generation at 7.5 mL/min and 10 mL/min 
were not so different, but current production was better at 7.5 mL/min. Therefore, considering energy production, 
the RED flowrate of 7.5 mL/min is a reasonable choice for MRC operation. 
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Microbial fuel cell (MFC) is an innovative environmental and energy system that converts organic wastewater 
into electrical energy. For practical implementation of MFC as a wastewater treatment process, a number of 
limitations need to be overcome. Improving cathodic performance is one of major challenges, and introduction of 
a current collector can be an easy and practical solution. In this study, three types of current collectors made of 
stainless steel (SS) were tested in a single-chamber cubic MFC. The three current collectors had different contact 
areas to the cathode (P 1.0 c m 2 ; PC 4.3 c m 2 ; PM 6.5 c m 2 ) and increasing the contacting area enhanced the 
power and current generations and coulombic and energy recoveries by mainly decreasing cathodic charge transfer 
impedance. Application of the SS mesh to the cathode (PM) improved maximum power density, optimum current 
density and maximum current density by 8.8%, 3.6% and 6.7%, respectively, comparing with P of no SS mesh. 
The SS mesh decreased cathodic polarization resistance by up to 16%, and cathodic charge transfer impedance 
by up to 39%, possibly because the SS mesh enhanced electron transport and oxygen reduction reaction. However, 
application of the SS mesh had little effect on ohmic impedance. 
 
Keywords : microbial fuel cell, cathode, current collector 
 
References 
1. Logan BE. Peer reviewed: Extracting hydrogen and electricity from renewable resources. Environ. Sci. 

Technol. 2004;38:160A-167A. 
2. Lovley DR. Bug juice: Harvesting electricity with microorganisms. Nat. Rev. Microbiol. 2006;4:497-508. 
 
  

349



Convergence of Biotechnologies in the 4th Industrial Revolution Era2021 한국생물공학회 추계학술발표대회 및 국제심포지엄
2021 KSBB Fall Meeting and International Symposium

 P0244   Performance Evaluation of Microbial Fuel Cells with Different Configurations and Quantity of 
Anode 

 
Usman GHANI, Sokhee JUNG 
Department of Environment and Energy Engineering, Chonnam National University, Gwangju, Korea 
Corresponding Author Email : sokheejung@gmail.com 
 
To maximize wastewater treatment and energy production by microbial fuel cells (MFCs), it is important to design 
the optimal anode arrangement. In this study, four brushes were tested horizontally or vertically to the cathode as 
the number of the anodes increased from one to four. In the horizontal configuration, adding the anodes greatly 
reduce electrode resistance and enhanced cell performance, showing four anodes (H4) was the best. In the vertical 
configuration, two anodes (V2) showed greatest performance and greatest decrease in anode resistance. Compared 
with one anode, maximum power increased by 59% in H4 and by 18% in V2; anode polarization resistance 
decreased by 95% in H4 and by 74% in V2; anode impedance decreased by 91% in H2 and by 73% in V2. Cathode 
resistance was relatively constant, showing adding anodes had negligible effect on it. Because diffusion resistance 
increases with increasing distance between an anode and a cathode, the vertical anodes should have different 
diffusion resistance and performances. In this study, adding more anodes vertically decreased cell performance in 
V3 and V4. However, in a cyclic voltammetry test, current production was substantially increased when the third 
and the fourth brush anodes were introduced in the both arrangements. Compared with one anode, current 
production increased by 200% in H4 and by 205% in V4. It shows that the external electrical input relieved 
diffusion resistance and increased current generation and that installing anodes away from the cathode is a good 
strategy to increase current production in a system with external power supply such as microbial electrolysis cell. 
Based on the results, we suggest the following strategy: i) install multiple anodes horizontally along the cathode; 
ii) install multiple anodes in the second row horizontally along the cathode; iii) install multiple anodes both 
horizontally and vertically if there is an external power supply. 
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The external resistance (R ext) of microbial fuel cells (MFCs) regulates both the anode availability as an electron 
acceptor and the electron flux through the circuit. We evaluated the effects of R ext on MFCs using acetate or 
glucose. The average current densities (I) ranged from 40.5 mA/m2 (9,800 Ω) to 284.5 mA/m2 (150 Ω) for acetate-
fed MFCs (acetate-fed reactors [ARs]), with a corresponding anode potential (E an) range of -188 to -4 mV (versus 
a standard hydrogen electrode [SHE]). For glucose-fed MFCs (glucose-fed reactors [GRs]), I ranged from 40.0 
mA/m2 (9,800 Ω) to 273.0 mA/m2 (150 Ω), with a corresponding E an range of -189 to -7 mV. ARs produced 
higher Coulombic efficiencies and energy efficiencies than GRs over all tested R ext levels because of electron 
and potential losses from glucose fermentation. Biogas production accounted for 14 to 18% of electron flux in 
GRs but only 0 to 6% of that in ARs. GRs produced similar levels of methane, regardless of the R ext. However, 
total methane production in ARs increased as R ext increased, suggesting that E an might influence the 
competition for substrates between exoelectrogens and methanogens in ARs. An increase of R ext to 9,800 Ω 
significantly changed the anode bacterial communities for both ARs and GRs, while operating at 970 Ω and 150 
Ω had little effect. Deltaproteobacteria and Bacteroidetes were the major groups found in anode communities in 
ARs and GRs. Betaproteobacteria and Gammaproteobacteria were found only in ARs. Bacilli were abundant only 
in GRs. The anode-methanogenic communities were dominated by Methanosaetaceae, with significantly lower 
numbers of Methanomicrobiales. These results show that R ext affects not only the E an and current generation 
but also the anode biofilm community and methanogenesis. 
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pH oppositely influences anode and cathode performance in microbial fuel cells. The differential electrochemical 
effects at each electrode and the resultant full-cell performance were analyzed in medium pH from 6.0 to 8.0. 
Potentials changed -60 mV/pH for the anode and -68 mV/pH for the cathode, coincident with thermodynamic 
estimations. Open circuit voltage reached a maximum (741 mV) at pH 7, and maximum power density was highest 
(712 mW/m2) at pH 6.5 as the cathode performance improved at lower pH. Maximum current density increased 
and apparent half-saturation potential (EKA) decreased with increasing medium pH due to improved anode 
performance. An equivalent circuit model composed of two time constant processes accurately fit bioanode 
impedance data. One of these processes was consistently the rate-limiting step for acetate-oxidizing 
exoelectrogenesis, with its pH-varying charge transfer resistance R2 ranging from 2- to 321-fold higher than the 
pH-independent charge transfer resistance R1. The associated capacitance C2 was 2-3 orders of magnitude larger 
than C1. R2 was lowest near EKA and increased by several orders of magnitude at anode potentials above EKA, 
while R1 was nearly stable. However, fits deviated slightly at potentials above EKA due to emerging impedance 
possibly associated with diffusion and excessive potential. 
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Microbial fuel cells (MFCs) harness the electrochemical activity of certain microbes for the production of 
electricity from reduced compounds. Characterizations of MFC anode biofilms have collectively shown very 
diverse microbial communities, raising ecological questions about competition and community succession within 
these anode-reducing communities. Three sets of triplicate, two-chamber MFCs inoculated with anaerobic sludge 
and differing in energy sources (acetate, lactate, and glucose) were operated to explore these questions. Based on 
16S rDNA-targeted denaturing gradient gel electrophoresis (DGGE), all anode communities contained sequences 
closely affiliated with Geobacter sulfurreducens (>99% similarity) and an uncultured bacterium clone in 
the Bacteroidetes class (99% similarity). Various other Geobacter-like sequences were also enriched in most of 
the anode biofilms. While the anode communities in replicate reactors for each substrate generally converged to 
a reproducible community, there were some variations in the relative distribution of these putative anode-
reducing Geobacter-like strains. Firmicutes were found only in glucose-fed MFCs, presumably serving the roles 
of converting complex carbon into simple molecules and scavenging oxygen. The maximum current density in 
these systems was negatively correlated with internal resistance variations among replicate reactors and, likely, 
was only minimally affected by anode community differences in these two-chamber MFCs with high internal 
resistance. 
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Reactive radical species are widely used for the removal of organic compounds in wastewater. These species are 
usually generated by activating peroxides (eg., hydrogen peroxide, persulfate, peroxymonosulfate) using catalysts. 
Among various catalysts, iron-based catalysts such as ferrous, ferric, and iron oxide are widely used for the 
activation of peroxide because it is effective and less expensive. In this study, waste of hand warmer was 
magnetically separated and was used as a persulfate activator for the removal of antibiotics, oxytetracycline. The 
degradation of oxytetracycline in the presence of catalyst and persulfate was studied by analyzing residual 
concentration of oxytetracycline in the samples. The removal ratio of oxytetracycline by persulfate activation was 
more than 99% for 5 min of reaction time at pH 6. In addition, the reuse test revealed that the catalyst can be 
reused for 8 cycles. The results suggest that the hand warmer waste can be an efficient catalyst for persulfate 
activation. 
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Antibiotics are widely used to treat animals and crops from infections. In Korea, 6 antibiotics (streptomycin, 
oxytetracycline, oxolinic acid, kasugamycin, validamycin, polyoxin) have been registered and used for 
agricultural purposes. These antibiotics can remain in the soil and adversely affect soil microorganisms, but at the 
same time, they can be slowly degraded by soil microorganisms. In this study, antibiotic-degrading bacteria were 
to be isolated from agricultural soils. One field soil sample and one rice paddy soil sample was used to separate 
soil bacteria and cultured in the minimal medium with the target antibiotics, validamycin, as the sole carbon 
source. The bacterial growth (i.e., optical density) was measured at 600 nm. The degradability of the target 
antibiotics is to be studied by measuring the residual concentrations of validamycin every 7 days for 28 days. The 
degradation of validamycin and the changes in the microbial community structure of the separated bacteria after 
validamycin injection are to be reported in this study. 
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Melanoplus differentialis, a North America origin invasive alien species, is an agricultural pest damaging various 
food crops. Recently it is reported that M. differentialis has accidentally introduced and established in Ulsan, 
South Korea. Its high fertility and flight ability cause concerns of rapid dispersion, and subsequent damage to 
native fauna, suggesting preventive monitoring of the pest is necessary. In this study, hence, we developed 
CLIMEX model to predict potential distribution of M. differentialis in response to climate change. Parameters 
were estimated based on of M. differentialis biology, occurrence records, and meteorological data, which showed 
the best fit to actual distribution. The results were projected on world and South Korean maps which were coded 
with an index of climatic suitability for the present, 2040, and 2060. Results showed that M. differentialis could 
occur in South America, south Australia and Africa, Europe, and China in addition to North America (the native 
region). Moreover, most of regions in South Korea were predicted to be suitable for M. differentialis from current 
to future predictions. 
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Procambarus clarkii has known to be introduced in Jeollanam-do and Jeollabuk-do (Mangyeong River, 
Geumgang Basin, etc.), causing a concern of damage on domestic ecology. In this study, we developed CLIMEX 
model which related species biology with regional climate to predict potential distribution of P. clarkii. A Rearing 
experiment was designed to measure biological characteristics of P. clarkii according to temperature and showed 
the highest survival rate of 75-90% at 20-25°C. The result suggested the optimal temperature range which 
basically used to estimate model parameters in the CLIMEX model. After estimating initial parameter values 
based on the rearing experiment, optimal parameter values were determined by using distribution records in North 
America. The developed model could simulate 2258 of 2265 (99.7%) actual records, suggesting its further 
application on domestic prediction. In South Korea, high climatic suitability was predicted throughout the country, 
including Gangwon-do where has the lowest annual average temperature. Therefore, it is conclusive that the 
current domestic climate is suitable for P. clarkii distribution; thus, continuous monitoring is necessary to prevent 
its further dispersion. 
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Recent outbreak of gypsy moths (Lymantria dispar) has caused damages on forests and landscapes in South Korea 
under the effects of climate change. For this reason, there is a demand on evaluating the potential distribution of 
gypsy moth to establish data for prevention of future damage. In this study, we evaluated the potential distribution 
of the gypsy moth according to climate change by using CLIMEX (version 4.0, Hearne software, Australia). 
Parameter values were determined based on previous studies, distribution records, and species biology; then, the 
model was simulated to define climatically suitable areas for establishing gypsy moth population under domestic 
meteorological data. The suitable areas were then projected on the map of South Korea by using ArcMap 
(version10. 4. 1; ESRI, Redlands, USA) so that areas at risk of gypsy moth distribution were visually identified. 
As a result, high climatic suitability was observed throughout the country under the current climate, whereas 
suitable areas were predicted to gradually decrease with climate change due to excessive summer temperature. 
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The pine wilt nematode (PWN), Bursaphelenchus xylophilus, infects Pinus genus and causes pine wilt disease. 
Current outbreak of pine wilt disease leads to severe nationwide losses, necessitating spatial evaluation of its 
dispersion to minimize the damage in advance. In this study, the potential distribution of PWN was predicted by 
using MaxEnt with climatic variables and actual occurrence records in South Korea. The model performance was 
evaluated with true skill statistics (TSS). As a result, we could obtain a map projecting occurrence possibility of 
PWN in South Korea with TSS of 0.7 or more. High probability of PWN occurrence was predicted in southern 
regions (most Gyeongsang-do and coastal areas in Jeolla-do), central regions (most Gyeonggi-do), and Jeju-do. 
This study is expected to provide a spatial information that is practically applicable for monitoring and controlling 
PWN. In the future, more model variables (e.g., anthropogenic and geographic variables) will be added to enhance 
the accuracy of model prediction after investigating the effect of a specific variables on PWN occurrence. 
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 P0254   Maximum Likelihood Estimation of Livestock Sensor Measurement with Probability Function 
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Livestock activity has been measured by using a few types of sensors, but, it is necessary to develop a comparable 
reference because different values are derived from each sensor with unknown algorithm. In this study, hence, we 
attempted to develop a comparable method for proposing a reference value for four different activity sensor in 
cattle by using probability function. Specifically, we used gamma function for four activity sensors which were 
Smaxtec, Delaval, CowManager, and SCR, and determined shape parameter and rate based on frequency 
distribution of measured values with maximum likelihood estimation. Results showed that shape parameters of 
Smaxtec, Delaval, CowManager and SCR were estimated to be 7.22, 0.77, 1.28 and 17.43, respectively, while 
rates were 0.66, 0.02, 0.2 and 0.52. The developed method is useful to calculate probability of a specific sensor 
value which would be comparable with values from other types of sensors, suggesting its potential as a reference 
value. 
 
Keywords : activity sensor, cattle, gamma distribution, maximum likelihood, reference 
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 P0255   Fe3O4 Nanoparticle-mediated Hydrogen Fermentation for the Conversion of Potato Waste 
Biomass by Thermophilic Parageobacillus thermoglucosidasius Strain 
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In this study, starch-based potato peel waste biomass (PWB) was used for hydrogen production through dark 
fermentation by the thermophillic amylase producing strain Parageobacillus thermoglucosidasius KCTC 33548. 
The effect of magnetic Fe3O4 nanoparticles (NPs) on hydrogen production from pure starch and starch-based PWB 
was experimentally studied and confirmed by kinetic analysis. The supplementation of optimized concentrations 
of both Fe3O4 NPs (300 mg/L) and L-cysteine (250 mg/L) during hydrogen fermentation using pure starch and 
PWB generated maximum cumulative hydrogen yields of 167 and 71.9 mL with maximum production rates of 
2.81 and 1.26 mL/h, respectively. Further, the correlation between Fe3O4 and the expression of hydrogenase 
isoforms and the related hydrogenase activity was explored. Higher hydrogenase activity was obtained in the 
membrane-associated fractions (3.67 U/mg of protein) of cells grown in the presence of Fe3O4. Zymogram 
analysis exhibited two additional isoforms (Hyd 1 and Hyd 2) in fermented broth containing Fe3O4 NPs indicating 
the role of Fe ions in expression of hydrogenase isoforms. 
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 P0256   Polydimethylsiloxane Based Macro-antifouling 

 
Sejin LEE, Dong Soo HWANG 
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Beyond micro-fouling, macro-fouling is a very important challenge to be solved in the marine industry. Eco-
friendly, Polydimethylsiloxane(PDMS) is being used for various method which are surface energy, topography 
and blending with lubricant because of their easy formulation and curing. Herein, we find a novel concept in the 
development of antifouling surfaces based on understanding the surface stiffness recognition procedure of mussel 
adhesion at the genetic level. It was found that on a soft surface, the combination of decreased adhesive plaque 
size, adhesion force, and plaque protein downregulation synergistically weakens mussel wet adhesion and 
sometimes prevents mussels from anchoring, mainly due to transcriptional changes within the mechano-sensing 
pathway and the adhesive proteins in secretory glands. These findings could open new avenues dedicated to the 
development of anti-fouling surface as well as to the study of molecular fouling mechanisms in aquatic organisms. 
 
Keywords : antifouling, macrofouling, PDMS 
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 P0257   Hydrothermal Liquefaction of Lignin to Bio-oil: Impact of Lignin Structure 
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Currently, most of the lignin produced in the pulping process is used almost as internal fuel. However, pulp mills 
have a surplus of energy, which provides them the opportunity to extract lignin and use it as a new source of 
special chemicals as well as fuel. In this work, the three kinds of various lignin were investigated in terms of 
structural properties and then, the relationship between structural properties of lignin and bio-oil productivity 
through hydrothermal liquefaction was evaluated. The chemical composition, structure, molecular weight, and 
thermal properties of lignin samples were analyzed using NMR, FTIR, GC/MS, EA and TGA. The hydrothermal 
liquefaction process was conducted at 350 °C for 30 min to produce bio-oil. The high potential of lignin and bio-
oil as aromatic sources in the chemical industry will be explained, and these studies can reveal the value of lignin. 
 
Keywords : lignin, characterization, delignification, bio-oil, hydrothermal liquefaction(HTL) 
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 P0258   A Simple and Facile Screening Method to Discover the Plastic Degrading Microorganisms 
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The current decomposition rate of biodegradable plastics cannot satisfactorily curb the global plastic waste crisis. 
Thus, identifying efficient plastic-digesting microorganisms is necessary to accelerate the decomposition of 
plastics. However, screening for these microorganisms is labor-intensive and time-consuming. The distribution 
of hydrophobic plastics homogeneously, with a high surface area and cell accessibility, in a culture medium is 
challenging. Herein, a high-throughput, straightforward micro-spray-based screening system is presented. Plastic 
microparticles are sprayed on an agar plate, thereby providing a translucent screening plate. This method is rapid, 
as opposed to the tedious, intricate, and skilled preparation required for polymer emulsion. Micro-sprayed plastic 
samples require a minimal effective dose (15 mg) and share a large interface with microorganisms. The plastic-
degrading activity of microbes results in a transparent clear zone around the colony, thereby being readily 
recognizable. Our method can accelerate the discovery of novel plastic-degrading microorganisms and be applied 
to future studies on the decomposition of non-degradable plastics. 
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 P0301   Cloning and Heterologous Expression of Cryptic Biosynthetic Gene Clusters Involved in the 
Polyene Natural Product Biosynthesis from Streptomyces rapamycinicus 
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Streptomyces rapamycinicus is one of the producers of the clinically important immunosupressant rapamycin, and 
thus has been regarded as a biologically valuable microorganism. This Streptomyces strain possesses an 
exceptional biosynthetic diversity as the bioinformatic analysis of its genome sequences revealed the presence of 
total 51 different biosynthetic gene clusters (BGCs) such as PKS and NRPS gene clusters. 
Among the predicted BGCs in S. rapamycinicus, we have focused on the BGC 41 that is cryptic BGC harboring 
reducing type II PKS (polyketide synthase) genes predicted to be involved in the polyene biosynthesis which is 
rare family of natural products. Through phylogenetic analysis, we identified that KS (ketosynthase) genes derived 
from polyene BGCs form a separate clade from those of aromatic polyketide BGCs in a KS gene phylogeny, 
suggesting their distinct evolutionary relationships. The new hybrid genotype including reducing T2PKS with 
T1PKS and fatty acid synthase in BGC 41 afforded structurally new compounds named rapacrycins.  
To identify its metabolites through heterologous expression, we cloned the BGC 41 using TAR cloning in yeast 
and inserted into the genome of the heterologous host S. albus. However, no production was observed, and thus 
promoter engineering was used to activate this silent cluster leading to the production of a series of cluster-specific 
metabolites, rapacrycins. 
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Engineering in Streptomyces 
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CRISPR/Cas9 system provides an efficient tool for genome engineering of Streptomyces, a prolific source of 
commercially valuable secondary metabolites. However, the application of CRISPR-Cas9 system to Streptomyces 
strains has been limited due to the toxicity associated with Cas9 protein, resulting in low transformation efficiency 
or failure of genome engineering. Here, we engineer the Cas9 gene promoter to optimize its expression with an 
aim to reduce toxicity while maintaining high engineering efficiency. Randomized Cas9 promoters were screened 
using our indigoidine synthetase-based reporter system that allows the selection of genome-engineered positive 
transformants based on color. As a proof of concept, we applied this strategy to three model Streptomyces strains 
including S. coelicolor, S. albus, and S. roseosporus. The results of promoter activity assay for positive 
transformants suggest that optimal levels of Cas9 expression varies between strains. We successfully deleted large 
biosynthetic gene clusters using the CRISPR/Cas 9 plasmids with optimized Cas9 expression in three model 
Streptomyces strains. 
 
Keywords : CISPR-Cas9, synthetic promoter, optimal expression, genome engineering 
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 P0303   Titer Improvements of Clinically Important Antibiotic Daptomycin through Transcriptional 
Optimization of Biosynthetic Gene Cluster 
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The improvement of production titers for secondary metabolites requires systematic transcriptional optimization 
of genes involved in their biosynthesis. Here, we describe the use of synthetic biology approach for titer 
improvement of clinically important antibiotic daptomycin. The transcriptome analysis of daptomycin producer 
Streptomyces roseosporus NRRL 11379 revealed that poor transcriptions of genes in daptomycin BGC 
(biosynthetic gene cluster) are the major cause of low production titer. To optimize the transcriptions of genes, 
we generated an array of promoter-engineered dpt constructs using the multiplexed refactoring tool CRISTAR 
(CRISPR/Cas9-mediated transformation-associated recombination). Three rounds of refactoring led to 1900% 
improvement in total lipopeptide titer compared to the wild-type. Upon decanoic acid feeding, daptomycin 
accounted for approximately half of the total lipopeptide production. The approach we describe here could be 
used as a general platform for the development of high-titer industrial strains of commercially valuable secondary 
metabolites. 
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 P0304   Engineering and Enhancing Carotenoids Accumulation in Methylotroph, Methylobacterium 
organophilum DSM-760 
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Carotenoids, a group of widely distributed natural products, are extensively utilized in food, pharmacological, and 
nutraceutical industries. Recently microbial bio-carotenoids production is gaining much interest because of its 
fast, safe, and varying ability to produce different types of carotenoids using various carbon sources. In this 
study, Methylobacterium organophilum DSM-760, a pink pigmented, fast-growing facultative methylotroph, was 
selected for carotenoid production using methanol as a sole carbon source. The native carotenoid accumulation 
was significantly increased with the MEP pathway augmentation via overexpression of the bottleneck genes (1-
Deoxy-D-xylulose 5-phosphate synthase (dsx) and 2-C-methylerythritol 4-phosphate reductoisomerase (dxr)) 
under the strong promoter PmxaF. Furthermore, the overexpression of methylotrophic carotenogenic genes, along 
with deletion of carotenoid hydroxylating genes like crtC and crtD, increased the native carotenoids accumulation 
up to 10 folds. Our results highlight that M. organophilum DSM-760 is a potential microbial platform for 
producing valuable carotenoids using inexpensive and viable carbon feedstock such as methanol. This work was 
supported by the National Research Foundation of Korea (NRF) grant funded by the Korea government (MSIT) 
(No. 2021R1A5A8029490). 
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Escherichia coli has been utilized as a host in the production of chemicals and biofuels from diverse biomass. 
Thus, efforts have been made to utilize various biomass and control the consumption of carbon sources. Galactose 
and glucose are easily found in nature. Although galactose and glucose co-fermentation has been reported using 
the engineered E. coli strain, few reports have covered fermentation supplemented with galactose as a sole carbon 
source in the mutant lacking the repressor-specific carbon catabolite repression (CCR). Here, we report the effects 
of the deregulation of the repressor-specific CCR (galR- and galS-) in fermentation supplemented with galactose 
as a sole carbon source, using the engineered E. coli strains. In the fermentation using the galR- and galS- double 
mutant (GR2 strain), an increase of rates in sugar consumption and cell growth was observed compared to the 
wild-type strain. In the glucose fermentation, wild-type W3110 and its mutant GR2 and GR2PZ (galR-, galS-
, pfkA-, and zwf-) consumed sugar at a higher rate than those values obtained from galactose fermentation. The 
GR2P strain showed no difference between fermentation using glucose and galactose as a sole carbon source, 
especially in sugar consumption and cell growth rates. Our study provides critical information for flexible 
managing in the replacement of feedstocks depending on the industrial supply and demand situation of carbon 
sources in fermentation using the CCR engineered E. coli strains.  
** This study was supported by Rural Development Administration, Republic of Korea through the "Cooperative 
Research Program for Agricultural Science & Technology Development (Project No. PJ01492601 and 
PJ01492603). 
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Natural products (NPs) are important for drug discovery and development; however their discovery is challenged 
by the wide inactivation or silence of microbial biosynthetic pathways. Currently strategies targeting this problem 
are mainly concentrated on chromosome dissembling, transcription, and translation-stage regulations as well as 
chemical stimulation. In this study, we applied to in vitro CRISPR/Cas9 to awake cryptic/silenced microbial 
biosynthetic genes, which show the low expression level, ovmF gene, through refactoring of the strong promoter. 
Streptomyces antibioticus NRRL3238 has a minimum BGC to produce an unusual angucyclinone polyketide, 
oviedomycin, which has a anti-cancer effect with red-brown color. The novel natural product was produced 
using Streptomyces coelicolor M1152 as a host strain, into a plasmid containing the oviedomycin gene cluster 
was transformed. 
This study provides a novel approach to efficiently activate cryptic/silenced biosynthetic pathways which will be 
useful for natural products discovery. 
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Neoaureothin, rare nitro-substituted polyketide produced by Streptomyces orinoci, exhibits valuable biological 
activities including antiviral, antimalarial and nematicidal activities. However, because it has poor water solubility 
and only dissolves in organic solvents, there is a limit to its use. In this study, we produced neoaureothin 
derivatives having improved solubility with slightly modified structures by rational engineering to PKS 
(polyketide synthase) modules in neoaureothin BGC (biosynthetic gene cluster). To increase its solubility, we 
designed derivatives with hydroxyl group on its backbone structure. We deactivated dehydratase in norA’ modules 
in PKS to make derivatives have hydroxyl group. Furthermore, we designed another derivative, by deactivation 
of ketoreductase in norB module to modify tetrahydrofuran ring, for improved nematicidal bioactivity. After 
derivatives production, we expect that in vitro glycosylation can be conducted to the produced derivatives to make 
more soluble derivatives. 
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L-Ergothioneine (EGT), which is known as a sulfur-containing histidine compound, has been regarded as a strong 
antioxidant in the cosmetic and food industries by using as an antiaging material and food preservative. It is 
commonly extracted from edible mushrooms, but it still has limited productivity. Here, we developed 
metabolically engineered Corynebacterium glutamicum producing EGT without any precursor addition. We first 
reinforced sulfur assimilation by exchanging a native promoter and enhanced the cysteine synthetic pathway. In 
this strain, EGT production was 1.48-fold more increased compared to that of control. To confirm the effects of 
enhanced L-histidine production, the pentose phosphate pathway was reinforced by introducing a synthetic 
promoter. This strain produced a 1.89-fold increased EGT compared to the strain in which only the sulfur 
assimilatory pathway was enhanced. Finally, the strain, which was consolidated all sulfur assimilatory, histidine, 
and cysteine pathways, was developed, and it synthesized a 2.95-fold increase of EGT. In this study, we suggested 
major-related pathways for EGT synthesis, and we first synthesized EGT by accumulating precursors in C. 
glutamicum. 
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 P0309   Improved Isopropanol Productivity by Using Lipid Metabolic Pathway in Oleaginous 
Yeast Yarrowia lipolytica 
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Isopropanol is converted industrially to propylene, which is important not only as a fuel but also as a backbone 
chemical for bioplastics. One of high stress tolerant yeasts, Yarrowia lipolytica is an oleaginous strain possessing 
relatively high native acetyl-CoA levels. Here, we genetically engineered a Y. lipolytica strain, which is expected 
to increase the yield of isopropanol. Malonyl-CoA is a major substrate exhibiting a high synthesis rate and high 
concentration in a lipid metabolic pathway. When the acetoacetyl-CoA synthase gene (nphT7) synthesizing 
acetoacetyl-CoA from malonyl-CoA and acetyl-CoA is used, isopropanol productivity can be expected to increase 
the yield of isopropanol. This experiment showed that 300 mg/L of isopropanol was produced under the shaking 
flasks cultivation condition, representing two-fold increase in isopropanol titer compared to previous studies. 
Taken together, this is the first report of the isopropanol production by using lipid metabolic pathway in Y. 
lipolytica. 
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 P0310   Engineering Heme Biosynthesis Pathway for Phycobilin Biosynthesis in Corynebacterium 
glutamicum 
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Phycobilin, a linear tetrapyrrole derived from heme, has gained attention in medical fields including research on 
antiviral agents, inflammatory regulators and antioxidant agents. Corynebacterium glutamicum has been studied 
as the main producer for heme and tetrapyrrole derivatives, and its heme biosynthesis pathway has been well 
engineered. First, 5-Aminolevulinic acid (ALA) has been produced by flux redistribution of the TCA cycle and 
introduction of heterogenous ALA transporter. Second, combinatorial expression of hemAm and hemL genes 
with dtxR gene has been placed to enhance porphyrin biosynthesis. Third, heme-secreting C. glutamicum strain 
has been developed through knock out of genes by CRISPR/Cas12a-based recombineering and membrane 
engineering. Then, for biliverdin production, electron reduction reaction has been placed to pull the carbon flow 
to biliverdin. Last, phycobilin can be efficiently produced in engineered C. glutamicum by expression of key 
enzymes that are involved in the conversion of biliverdin to phycobilin. Thus, enhanced phycobilin production by 
these metabolic strategies will provide cost-effective therapeutic potential for remediation of health problems.  
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IPA (Isopropanol) is a secondary alcohol mainly used in pharmaceuticals, bioenergy and chemical products, and 
is a promising ingredient as a bio-substitute for petroleum. In this study, we constructed Corynebacterium 
glutamicum to produce IPA by introducing the IPA biosynthetic pathway, but the production yield was low. Thus, 
we strengthened the ketone body production pathway in C. glutamicum. Isoprenoid bypass was integrated to push 
the flux towards IPA, which did not show the expected increase. Therefore, to enhance ketone body production, 
a dual pathway including a classical and bypass pathway, was introduced instead. We controlled gene expression 
and flux through the construction of strong synthetic promoters. This is the first study using this pathway to 
efficiently produce IPA in C. glutamicum. We also introduced and screened each of four different secondary 
alcohol dehydrogenase genes from different bacterial origins to pull out IPA production. Consequently, this 
indicates that strengthening the ketone body biosynthetic pathway via the integration of classical and bypass 
pathways and synthetic promoters is metabolically effective in enhancing IPA production. 
 
Keywords : isopropanol (IPA), metabolic engineering, ketone body synthesis, bypass route, Corynebacterium 
glutamicum 
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 P0312   Flux Balance Model Based on Methanol Metabolism in Methylotrophic Acetogen, Eubacterium 
limosum KIST612 
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Metabolic flux model enables to simulate cellular metabolism under various conditions. However, there is no 
fitted metabolic flux model for methylotrophic acetogens. Herein, we constructed the metabolic flux model 
for Eubacterium limosum KIST612 which can ferment both syngas and methanol. For this, we measured growth 
rate, substrates consumption rate, and production rate under methanol/CO2, CO, or methanol/formate conditions. 
Methanol metabolism was predicted by whole proteomic analysis. Based on physiological, genome, and 
proteomic data under methanol/CO2 condition, we constructed the flux balance model. The constructed model 
showed accurate estimated flux values in biomass, acetate, and butyrate production rate with 0.99, 0.95, and 0.76 
of R2 values, respectively. The flux model could be used also other autotrophic conditions (e.g. CO or 
methanol/formate conditions). Therefore, the model could be used to provide directions of genetic manipulation 
for further studies under methanol-supplemented conditions as well as non-methanol autotrophic conditions. 
 
Keywords : methylotrophic acetogen, Eubacterium limosum KIST612, flux balance analysis 
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A growing number of nonribosomal peptide synthetase (NRPS) assembly lines violating the “co-linearity rule,” 
where the number and order of NRPS modules indicate to the number and sequence of amino acids in the 
corresponding product, have been discovered. To understand biosynthetic mechanism of such NRP, NRPS 
of Streptomyces sp. SNM55 was investigated. Systematic inactivation of NRPS domains and translocation of the 
thioesterase (TE) domains unveiled several unprecedented nonlinear NRPS assembly processes during the 
biosynthesis of the cyclodepsipeptide WS9326A in S. sp. SNM55. The WS9326 NRPS assembly line involves 
two type II TE (TEII)-like enzymes responsible for the transfer of activated amino acids from two stand-alone 
adenylation (A)-thiolation (T) didomain modules with different specificities to the ‘A-less’ condensation (C)-T 
module, which operates iteratively, catalyzing two chain elongation steps. This biosynthetic pathway includes the 
first example of NRPS module skipping, where the interpolated C and T domains are required for chain transfer. 
Understanding such untapped nonlinear biosynthetic strategies will provide potentially valuable tools for 
engineered biosynthesis of these complex natural products. 
 
Keywords : biosynthesis, nonribosomal peptide synthetase, module iteration, module skipping, shuttling thioesterase 
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Methane has emerged a promising alternative carbon source to produce valuable chemicals. To produce lactic 
acid from methane, we developed lactate-tolerant methanotroph strain by adaptive evolution of Methylomonas sp. 
DH-1. The evolved strain survived up to 10 g/L lactate, whereas wild type could not grow even in the presence of 
1 g/L of lactate. Whole genome sequencing of the evolved strain revealed a point mutation in the alaRS gene 
encoding alanyl tRNA synthetase. Introduction of the alaRS mutation into the wild-type strain led to an increase 
in lactate tolerance, suggesting this point mutation is responsible for the lactate tolerance. AlaRS catalyzes the 
charging of Ala to tRNAAla, but the enzyme can also mischarge Ser or Gly, which is subsequently removed by an 
editing activity of AlaRS. A defect in editing activity was shown to be detrimental in bacteria and humans even 
with very small amount of mutant proteins with Ala to Ser mutation. We identified that the identified point 
mutation in the catalytic domain of alaRS could reduce Ser mischarging while increasing Ala-charging activity. 
These results suggest that increased fidelity of alaRS activity may lead to specific changes in proteome, which in 
turn may increase lactate tolerance of Methylomonas sp. DH-1 
 
Keywords : alaRS, Methylomonas sp. DH-1, lactate tolerance, aminoacylation 
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 P0316   High-level Production of Lycopene from Waste Biomass Using Metabolically Engineered 
Radiation-resistant Bacterium, Deinococcus radiodurans R1 
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Cost-effective production of value-added chemicals is of great interest for achieving a sustainable industry. We 
accomplished high-level production of lycopene from waste-derived substrates, corn steep liquor (CSL) and 
glycerol, using metabolically engineered Deinococcus radiodurans R1. To establish lycopene-producing D. 
radiodurans R1, the crtLm gene encoding lycopene cyclase was deleted to block the conversion of lycopene. 
Then, the crtB gene encoding phytoene synthase and the dxs gene encoding 1-deoxy-D-xylulose 5-phosphate 
synthase were overexpressed to overcome rate limiting steps and concentrate the carbon flux toward lycopene. 
The engineered strain produced 722.2 mg/L (203.5 mg/g DCW) of lycopene from 35.7 g/L glycerol and 25 g/L 
CSL. To further improve lycopene production, UV-C was irradiated on the engineered strain during cultivation. 
Lycopene content of the cells was increased by 95.5%, after 12 h of UV-C irradiation using 15W lamp, compared 
to that obtained without UV-C irradiation. This study shows that lycopene can be produced from waste biomass 
in a cost-effective and reproducible manner using radiation-resistant D. radiodurans R1. 
 
Keywords : lycopene, cost-effective production, deinococcus radiodurans R1, metabolic engineering, waste 
biomass, UV-C radiation 
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 P0317   Photosynthetic Conversion of CO2 to the Calorie-free Sweetener Precursor, Ent-kaurenoic Acid 
Using Engineered Cyanobacteria 
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Metabolic engineering of cyanobacteria has received attention as a sustainable strategy to convert carbon dioxide 
to fatty acid-derived chemicals that are widely used in the food and chemical industries. Here we report a complete 
biosynthesis of ent-kaurene (ent-KN), ent-kaurenoic acid (ent-KA) from CO2 in engineered cyanobacteria toward 
diterpenoids production of the calorie-free sweetener. To synthesize ent-KN, we designed the diterpene synthetic 
module (DS module) that a prenyl phosphate converts kaurene into the engineered cyanobacteria (the OverMEP 
modules) in which the methylerythritol 4-phosphate pathway was optimized to increase the precursors either 
farnesyl diphosphate (FPP) or geranylgernaly pyrophosphate (GGPP) from CO2. ent-KN were detected in the cell 
extracts and medium by LC-MS. Next, we set out to produce ent-KA from ent-KN by reconstituting the 
cytochrome P450 module (CP module). Engineered S. elongatus PCC 7942 produced 2.9 ± 0.01 mg L-1 ent-KA 
directly from CO2, respectively. This study is the first report of photosynthetic production of ent-kaurenoic acid 
from CO2 in cyanobacteria. 
 
Keywords : cyanobacteria, CO2, kaurene, kaurenoic acid, S. elongatus PCC 7942 
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 P0318   The LC-MS/MS Based Multi-omics Analysis to Investigate Clostridioides difficile Infection 
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Clostridioides difficile is a gram-positive bacterium and is considered as an enteric pathogen. C. difficile colonizes 
the host with intestinal dysbiosis and produces virulence factors, Toxin A and B. Although the cytotoxicity of C. 
difficile has been well elucidated, the exact pathogenic mechanisms and biological pathways of C. 
difficile infection (CDI) are not yet clear. Here, we developed a CDI model using MIMICS to investigate C. 
difficile-host interactions throughout the early (12 hr) and later (48 hr) stages of infection. We also apply an LC-
MS/MS-based multi-omics approach to study the physiological changes in CDI-induced gut epithelial cells at the 
molecular and cellular levels. The proteomic analysis confirmed that proteins involved in cellular responses such 
as stress, immune responses and DNA damage responses are upregulated at early stages of infection. In addition, 
a representative CDI phenotype has been identified in the late stage of the infection. Our in vitro CDI model and 
multi-omics approach not only provide a better understanding of host-anaerobic pathogen interactions but may 
also aid in the treatment of C. difficile and other anaerobic infections. 
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 P0319   LC-MS/MS Based Multi-omics Approaches for Prebiotic Inulin Utilization on Faecalibacterium 
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The human gut commensal bacteria Faecalibacterium prausnitzii is well known for its anti-inflammatory effects 
that improve host intestinal health. Although several studies reported that inulin, one of the well-known prebiotics, 
increases the abundance of F. prausnitzii in the intestine, the mechanism under this effect of inulin remains 
unclear. Here, we applied LC-MS/MS-based multi-omics approaches to confirm the effects of inulin on F. 
prausnitzii. Interestingly, the proteomic analysis revealed that the putative proteins involved in sucrose utilization 
of F. prausnitzii are upregulated in the presence of inulin. To investigate the function of the proteins, we cloned 
the target genes, and observed the ability for sucrose degradation. In addition, we demonstrated that the sucrose 
degradation activity in F. prausnitzii culture media is enhanced by using inulin as a carbon source compared to 
glucose. Taken together, this study suggests that the reduction of sucrose induced by inulin could potentially 
improve host health and prevent gut dysbiosis like type 2 diabetes which is associated with sucrose. 
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 P0320   A Characterization of Inhibitory Responses to Adipogenesis and Lipogenesis in Adipocytes 
Induced by Akkermansia muciniphila via Multiomics Approach 
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Obesity is a public health problem and induces metabolic diseases such as type 2 diabetes. Recent reports suggest 
that A. muciniphila, which is known as next generation probiotics, reduces adipose tissue weight in obese host. 
However, the beneficial effects of this microbe on adipocytes were only reports in cell phenotypic changes or 
alterations of markers related to obesity. Therefore, molecular level studies are necessary for understanding of the 
inhibitory effects by A. muciniphila. In this study, the changes of biological mechanism in 3T3-L1 cells under the 
treatment with the cell lysate of A. muciniphila were investigated by multiomics analysis. First, the cell lysate 
of A. muciniphila inhibited lipid accumulation of 3T3-L1 cells in cellular level. Moreover, inhibitory effects of 
the bacterial lysate on 3T3-L1 cells were observed in the mRNA expression levels, fatty acid production, 
proteomic and metabolomic results. Accordingly, these results suggested anti-adipogenic and anti-lipogenic 
effects on 3T3-L1 cells treated with the cell lysate of A. muciniphila. This study may provide a new insight for 
discovering anti-obesity targets in the cellular components of A. muciniphila. 
 
Keywords : Akkermansia muciniphila, adipocytes, anti-adipogenesis, anti-lipogenesis, multiomics 
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As demands for new strategies to control methicillin-resistant Staphylococcus aureus (MRSA) increase, studies 
that gain insight from gut bacteria regarding growth inhibition and anti-virulence strategies have been reported. 
Although it was reported in several studies that Lactobacillus strains have antibacterial activity against MRSA, 
the molecular mechanism under these phenomena is unclear. Here, we evaluated the inhibition effect against 
MRSA Lactobacillus strains isolated from infant stools and performed a multi-omics study. Firstly, we screened 
the highest growth inhibitory strain and observed that MRSA growth inhibition effect was not correlated with 
extracellular pH levels, affected by Lactobacillus strains. In the multi-omics study, it was observed that MRSA 
significantly upregulated arginine deiminase system, proteins related protein folding and synthesis, etc., and 
downregulated quorum-sensing system, capsular polysaccharide synthesis proteins, etc. by Lactobacillus strain 
(L. gasseri 20). In this study, the underlying mechanism involved in growth inhibition and anti-virulence of MRSA 
mediated by lactobacillus strain was discovered. 
 
Keywords : MRSA, lactobacillus, multi-omics, proteomics, metabolomics, interspecies interaction, probiotics, 
antibiotic resistance 
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 P0323   Metabolic Engineering of Escherichia coli for the Production of Polyhydroxyalkanoates with 
Hydroxyvaleric Acid Derived from Levulinic Acid 
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Polyhydroxyalkanoates (PHAs) are emerging as alternatives to plastics by replacing fossil fuels with renewable 
raw substrates. Herein, we present the construction of engineered Escherichia coli strains to produce short-chain 
length PHAs (scl-PHAs), including 4-hydroxyvalerate (4HV) and 3-hydroxyvalerate (3HV) monomers from 
levulinic acid (LA). First, an E. coli strain expressing levulinic acid metabolic genes (lvaEDABC) of Pseudomonas 
putida KT2440 was constructed to generate 4HV-CoA and 3HV-CoA. Second, both phaAB genes from 
Cupriavidus necator H16 were expressed to supply 3-hydroxybutyrate (3HB)-CoA from acetyl-CoA. Finally, 
PHA synthase (PhaC) from the Chromobacterium violaceum strain was introduced for the subsequent 
polymerization of these three monomers. The resulting E. coli strains produced four PHAs: P(4HV), P(3HV-co-
4HV), P(3HB-co-4HV), and P(3HB-co-3HV-co-4HV). 
 
Keywords : levulinic acid, Escherichia coli, short-chain length polyhydroxyalkanoates (scl-PHAs) 
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3-Hydroxypropionic acid (3-HP) is a platform chemical that can be used as the precursor for the production of 
valuable compounds, including acrylic acid and 1,3-propandiol. Using glucose as the substrate, Escherichia 
coli can synthesize 3-HP from malonyl-CoA, by heterologous expression of malonyl-CoA reductase, the enzyme 
derived from Chloroflexus aurantiacus. However, requirement of additional redox cofactors is limiting factor of 
this pathway. Excess amounts of redox cofactors are necessary for the production, though it causes growth 
defection once it is accumulated in the cell. In this study, dynamic regulation system was designed for reflux of 
metabolic pathways, to overcome the bottlenecks of both redox cofactor requirement and toxicity caused by 
accumulation. By expressing the genes responsible for pathways to supply redox cofactors, we confirmed that 
titer of 3-HP increased. We applied final product-inducible system for expression of the genes needed for reflux 
of metabolic pathway to allow decoupling of growth and production stage, in order to provide larger amounts of 
redox cofactors as more products are generated. 
 
Keywords : 3-hydroxypropionic acid, dynamic regulation, redox cofactors, Escherichia coli 
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Oleochemicals, the substitute of petrochemicals, are on the rise as sustainable and bio-based chemicals as 
recognizing importance of environment costs. Among them, fatty acids and their chemical derivatives abound in 
our living environment. Here, we have developed engineered fatty acid overproducing strain by enhance of 
mainstream of fatty acid synthesis pathway. NADH and NADPH are cofactors which significantly involve in 
metabolic pathway. In Escherichia coli fatty acid synthesis pathway, both NADH and NADPH are essential 
factors. In E. coli fatty acid synthesis pathway, a NADH and NADPH each are accompanied in fatty acid chain 
elongation. Therefore, utilizing both cofactors NADH and NADPH have an advantage in overproduction of fatty 
acid. Especially, in the elongation step, beta keto-ACP reductases (FabG) in E. coli only use NADPH for its 
reaction. Moreover, it is obvious that NADPH regeneration is less than NADH regeneration in cellular 
metabolism. It means that NADPH could be limiting factor in fatty acid production. Existing fatty acid 
overproducing strain could be expected to further increase its fatty acid production by introducing NADPH 
regeneration system. 
 
Keywords : NADH, NADPH, long chain fatty acid, FabG 
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coli for Production of 3-hydroxypropionic Acid 
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In nature, Escherichia coli mainly relies on Embden-Meyerhof-Parnas pathway (EMPP) for utilizing glucose. On 
the other hand, strains such as Pseudomonas catabolize glucose via Entner-Doudoroff pathway (EDP) and pentose 
phosphate pathway (PPP). Different natures of microorganisms are often attributed to distinct structure of 
glycolysis critical in feeding metabolic currencies such as precursor, redox and energy for anabolism. A flux 
rewiring from EMPP to EDP or PPP in E. coli can supply energy and reducing power required for cell growth and 
production of valuable chemicals such as 3-hydroxypropionic acid (3-HP). However, the EMPP-disrupted E. 
coli did not grow on glucose as a sole carbon source. To recover its growth rate, we applied adaptive laboratory 
evolution (ALE). Then, by applying genotypic- and phenotypic-analysis, the mutations that contributed growth 
recovery of the evolved strain was characterized. Basis of the knowledge obtained from ALE, we further 
engineered the evolved strain in order to enhance production performance of 3-HP which demands high amount 
of NADPH. The evolved strain produced 2.7 g/L of 3-HP while unevolved strain produced 0.7 g/L of 3-HP. 
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Practical use of biodegradable biopolymers has been an inevitable choice for the globe given the current 
environmental crisis including plastic pollution and climate change. Accordingly, it has become increasingly 
important to produce various polyhydroxyalkanoates (PHAs) since they are naturally occurring polyesters and 
exhibiting a variety of physical properties and thus material performances in accordance with the type of 
monomers employed and their compositions. To this end, a number of microorganisms including natural PHA-
producer and nonnatural PHA-producer have been metabolically engineered for PHA production and among them, 
recombinant Escherichia coli has been the model microorganism capable of producing various PHAs. Thus, we 
devised 5-hydroxyvalerate (5HV)-containing PHAs production system in E. coli through a series of metabolic 
engineering strategies. Here, we will present the development of metabolically engineered E. coli strains for the 
production of PHAs consisting of 5HV as monomeric units. 
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Gamma-aminobutyrate (GABA) is a valuable amino-carboxylic acid that is used in food and pharmaceutical 
industry. Biosynthesis of GABA involves the decarboxylation of l-glutamate using glutamate decarboxylase 
(GAD). Thus, C. glutamicum with heterologous expression of GAD has been used for direct fermentative 
production of GABA from glucose. However, GABA production is not efficient since there is a significant 
difference between optimal pH for GAD activity (pH 4.0) and cell growth (pH 7.0). Thus, we aimed to develop 
recombinant C. glutamicum strains with expression of GAD from various microorganisms and compared their 
ability to produce GABA at near neutral pH.  
Here, we will present the development of metabolically engineered C. glutamicum strains for one-step 
fermentative GABA production from glucose at optimally balanced neutral pH. 
 
Keywords : biorefinery, GABA, glutamate decarboxylase, Corynebacterium glutamicum 
 
  

391



Convergence of Biotechnologies in the 4th Industrial Revolution Era2021 한국생물공학회 추계학술발표대회 및 국제심포지엄
2021 KSBB Fall Meeting and International Symposium

 P0329   Production of Poly(3-hydroxybutyrate) from Glucose in Pseudomonas putida KT2440 

 
Hye Min SONG, Hye Jin LIM, Si Jae PARK 
Department of Chemical Engineering and Materials Science, Graduate Program in System Health Science and 
Engineering, Ewha Womans University, Seoul, Korea 
Corresponding Author Email : songhm216@gmail.com 
 
Pseudomonas putida is a saprotrophic soil bacterium and widely employed platform strain in a bioprocess for the 
production of value-added materials. Recently, social interests and responsibilities on the production and 
consumption of biodegradable polymers have been considered important more than ever. Polyhydroxyalkanoates 
(PHAs) are biodegradable biopolymers, accumulated in numerous bacteria as their carbon and energy storage 
compounds, and P. putida is also the native producer of PHAs, especially with medium-chain lengths. Among 
various PHAs, poly(3-hydroxybutyrate) [P(3HB)] is the most characterized member and the key precursor for 
P(3HB) biosynthesis is acetyl-CoA, the metabolite produced through glycolysis. However, P. putida KT2440 
cannot consume glucose well and produce P(3HB) neither. In order to develop P. putida KT2440 to be a more 
versatile platform strain in biotechnology, it is important to engineer P. putida KT2440 capable of producing non-
natural compounds as well as consuming unpreferable carbon sources. Toward this goal, we aimed to develop the 
recombinant P. putida KT2440 strain that can produce P(3HB) from glucose. 
Here, we present the metabolic engineering strategies devised for the production of P(3HB) from glucose in P. 
putida KT2440. 
 
Keywords : Pseudomonas putida, poly (3-hydroxybutyrate), entner-doudoroff (ED) pathway 
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P(3-hydroxybutyrate-co-3-hydroxyvalerate) [P(3HB-co-3HV)] is a biopolymer with biodegradability and 
biocompatibility. Methylosinus trichosporium OB3b is the type II methanotroph, which naturally produces 
poly(3-hydroxybutyrate) [P(3HB)] from CH4 as its carbon storage materials. However, only homopolymer of 
P(3HB) can be produced in the wild-type strain under normal condition. 3HV monomer can be produced with the 
condensation of acetyl-CoA and propionyl-CoA via native β-ketothiolase to yield 3-ketovaleryl-CoA, which is 
reduced to 3HV-CoA via native acetoacetyl-CoA reductase. Thus, the increased propionyl-CoA pool is required 
for the production of P(3HB-co-3HV) in M. trichosporium OB3b from CH4. 
Here, we present the production of P(3HB-co-3HV) from CH4 in M. trichosporium OB3b through the supple-
mentation of precursor, the heterologous introduction of CoA transferases, and the blocking of the competitive 
pathway for propionyl-CoA through cofactor limitation and gene deletion. 
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Atorvastatin is a widely used statin drug that prevents cardiovascular disease and treats hyperlipidemia. Its human 
metabolites are 2-OH and 4-OH atorvastatin, which also show highly inhibiting effects on 3-hydroxy-3-
methylglutaryl-CoA reductase activity. Producing the hydroxylated metabolites by enzymes and whole-cell 
biotransformation is more desirable than chemical synthesis. Here, we have found an enzymatic strategy of P450 
enzymes for a highly efficient synthesis of the 4-OH atorvastatin, which is an expensive commercial product, by 
using bacterial CYP102A1 peroxygenase activity with hydrogen peroxide without NADPH. We obtained a set of 
CYP102A1 mutants with high catalytic activity toward atorvastatin using enzyme library generation, HTS of 
highly active mutants, and an enzymatic characterization of the mutants. This result shows that CYP102A1 can 
catalyze atorvastatin 4-hydroxylation by peroxide-dependent oxidation with high catalytic activity. Taken 
together, we suggest that the P450 peroxygenase activity can be used to produce drugs’ metabolites for further 
studies of their efficacy and safety. 
 
Keywords : CYP102A1, atorvastatin, 4-hydroxy atorvastatin, hydrogen peroxide, P450 peroxygenase 
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Biosynthesis of nicotinamide mononucleotide (NMN) is attained by direct conversion of nicotinamide (NAM) 
with the help of nicotinamide phosphoribosyltransferase (NAMPT) gene via salvage pathway. NMN is 
intermediate product generated during NAD+ biosynthesis. It has long-term pharmacological activities and hence 
recently it has gained much attention in preclinical studies. The current study has focused on the metabolic 
engineering of NAMPT, phosphoribosyl pyrophosphate synthetase 1 (PRPS1) and PRPS2 (from Homo sapiens) 
genes in E. coli. to investigate the effect of PRPS1 and PRPS2 on NMN biosynthesis. Batch fermentation studies 
exhibited 1.08 mM NMN in the presence of Mg2+ and phosphates through whole cell biocatalysis with IPTG 
induction. Further, using response surface methodology (RSM), 1.8 mM of NMN was obtained when 
supplemented with 1% ribose, 1 mM Mg2+ and phosphate, and 0.5% NAM. Process optimization can be further 
implied for economical production of NMN using recombinant strain of E. coli BL21 (DE3), which is the future 
perspective of the current study. 
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Although microbial consortia have been considered potential platforms for bioprocessing applications, the 
complexity in process control owing to the use of multiple strains necessitates the use of an efficient population 
control strategy. Herein, we report a novel population control strategy for improving biochemical production by 
a microbial consortium using circuit-guided synthetic acclimation. As a proof of concept, we designed a 
consortium comprising alginate-utilizing Vibrio sp. dhg and 3-hydroxypropionic acid (3-HP)-producing 
Escherichia coli strains for the direct conversion of alginate to 3-HP. We constructed a genetic circuit, named 
“Population guider”, which degrades ampicillin only when 3-HP is produced. We observed that 3-HP production 
by an acclimated population increased by 4.3-fold compared to that by a simple co-culturing consortium during a 
48-h fermentation. We believe this concept is a useful strategy for the development of robust consortium-based 
bioprocesses. 
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Violacein is a naturally occurring purple pigment with antibiotic properties. Violacein is synthesized from 
tryptophan, so sufficient tryptophan biosynthesis is the key to violacein production. However, tryptophan 
overproduction in Escherichia coli is challenging due to the complicated biosynthetic pathways and regulatory 
mechanisms. In this study, we used the adaptive laboratory evolution (ALE) strategy to improve violacein 
production from galactose. During the ALE, a tryptophan-responsive biosensor was employed to enrich 
tryptophan-producing cells. After six-rounds of evolution, we transformed plasmids for violacein production into 
evolved cells and screened violacein-overproducing cells with naked eyes. Consequently, we obtained the best 
violacein producer, which showed 2.7-fold higher titer compared to the parent strain. Whole-genome sequencing 
of the evolved strain identified several mutations. Among them, a missense mutation occurred on the coding 
sequence of galR, which may increase galactose utilization, leading to the increased production of violacein. 
Overall, we showed that the biosensor-assisted ALE strategy could be useful to rapidly and selectively evolve 
strains. 
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Due to their broad applicability, various attempts for isoprenoids biosynthesis have been held. As one of the major 
isoprenoid production pathways, the 1-deoxy-D-xylulose-5-phosphate (DXP) pathway, requires equimolar 
glyceraldehyde 3-phosphate and pyruvate, it is crucial achieving a proper diversion of carbon flux for the optimal 
production in Escherichia coli. 
Here, we introduce a fine-controlled precursor rebalancing strategy regulating gapA expression level. As a model 
system, a lycopene-overproducing E. coli strain was constructed by sequential amplification of the DXP pathway 
using synthetic expression cassettes. Then, we investigated the effect of precursor balancing with PpsA and 
GAPDH through fine-tuning at both transcription and translation levels. As a consequence, the down-regulation 
of gapA improved the specific lycopene content by 45% compared to the overexpression of ppsA, suggesting 
gapA as a good target for precursor balancing to improve isoprenoids biosynthesis. 
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The Potential of translation-initiation regulating riboswitch has been highlighted for monitoring various 
intracellular molecules. Several parameters of riboswitch should be adjusted for application in user-defined 
working condition. However, tuning the parameters of riboswitch such as dynamic range, fold activation, and 
operational range is not straightforward. The intricate relationship between sequence, structure and thermo-
dynamic energy of the untranslated region hampers the prediction of translation initiation rate. Thereby, 
engineering of the riboswitch necessitates alternative simple tuning options. Here, we demonstrate three strategies 
to optimize functional parameters with an example of artificial L-tryptophan riboswitch. We modulated the copy 
number of the RNAs by tuning the promoter strength and plasmid origin to optimize dynamic range and fold 
activation. Then we applied tetA to amplify the response by tetracycline supplementation. Finally, we constructed 
riboswitch variant by adopting an aptamer that shows lower affinity to L-tryptophan to reposition the operational 
range. All strategies can be applied to other riboswitches to satisfy the user demand. 
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Utilizing acetate as a carbon source is a promising approach for sustainable development, as it is obtainable from 
abundant sources. 
In previous studies, conversion of acetate into itaconate was conducted with rational metabolic engineering 
strategy, proving the potential of acetate as a promising carbon source. Itaconate, a versatile building block of 
various valuable products, is produced by cis-aconitate decarboxylase (cad) in one step reaction. However, there 
are hurdles when expressing cad in E. coli, as it has low activity when heterologously expressed and the pool of 
substrate, cis-aconitate, is low as it is the intermediate of TCA cycle. In this study, we leveraged evolutionary 
protein engineering based on recently identified structure of Cad for improving its properties and itaconate high-
throughput screening sensor (HTS) for screening the Cad variants with better performances. Thereafter, curing of 
itaconate HTS sensor were conducted for validation of the screened Cad variants and found out that the screened 
mutants VR and GT showed 1.28-fold increase in itaconate titer. The results of enzyme assay demonstrated that 
the mutants VR and GT had 1.25-fold higher catalytic efficiency compared to wild type Cad, even though affinity 
was slightly lower (Km value 1.42-fold increase). The mutants will be additionally validated in final production 
strain to maximize the itaconate production. 
 
Keywords : high-throughput screening, evolutionary protein engineering, itaconate, acetate, metabolic 
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3-Hydroxypropionic acid (3-HP) is an important platform chemical, and biological production of 3-HP from 
glycerol as a carbon source using glycerol dehydratase (GDHt) and aldehyde dehydrogenase (ALDH) has been 
revealed to be effective because of simple pathway and higher yield and productivity. However, 3-HP production 
from glycerol have problem of low activity and inactivation of GDHt and ALDH. For evolutionary protein 
engineering, 3-HP responsive transcription factor based biosensor was constructed and applied to an ALDH 
library, specifically aldehyde-binding site library of alpha-ketoglutaric semialdehyde dehydrogenase (KGSADH). 
Only two serial cultures resulted in enrichment of strains showing increased 3-HP production, and an isolated 
KGSADH variant enzyme exhibited a 2.79-fold higher catalytic efficiency toward its aldehyde substrate than the 
wild-type one. Our approach provides the simple and efficient tool to engineer the pathway enzymes in metabolic 
engineering. 
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Reverse transcription loop-mediated isothermal amplification (RT-LAMP) is widely used isothermal 
amplification method for nucleic acid detections due to its sensitivity and specificity. However, RT-LAMP cannot 
be coupled with RNA detection systems such as a toehold switch system because amplification products after 
LAMP reaction are only DNA. Here, we modified an inner primer of RT-LAMP to include a T7 promoter and 
combined it with a paper-based toehold switch system. Compared to nucleic acid sequence based amplification 
(NASBA) with a toehold switch, this assay has short reaction time and lower limit of detection. This study also 
extended the scope of the diagnostic system in which LAMP can be used by introducing a strategy to convert 
LAMP product to RNA. 
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Although brown macroalgae holds potential as an alternative feedstock, its utilization by conventional microbial 
platforms has been limited due to the inability to metabolize one of the principal sugars, alginate. Here, we 
isolate Vibrio sp. dhg, a fast-growing bacterium that can efficiently assimilate alginate. Based on systematic 
characterization of the genomic information of Vibrio sp. dhg, we establish a genetic toolbox for its engineering. 
We also demonstrate its ability to rapidly produce ethanol, 2,3-butanediol, and lycopene from brown macroalgae 
sugar mixture with high productivities and yields. Collectively, Vibrio sp. dhg can be used as a platform for the 
efficient conversion of brown macroalgae sugars into diverse value-added biochemicals. 
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Microbial production of itaconate has been mainly conducted by Aspergillus terreus. Recently, its production 
in Escherichia coli has been researched due to the complicated fermentation process and shortage of genetic 
engineering tools of A. terreus. Unilke A. terreus, spatial separation of metabolic flux for the itaconate production 
has been hardly feasible in E. coli, which leads to the low level of its precursor, cis-aconitate. In this study, directed 
evolution of protein known to have substrate promiscuity to citrate was conducted in E. coli to enhance the cis-
aconitate availability with the help of itaconate responsive screening system. Thereafter, the developed mutant 
showed significantly enhanced catalytic efficiency to citrate compared to the wild-type enzyme and consequently, 
its use enabled significantly increased itaconate production compared to the parental strain, indicating the 
successful enhancement of cis-aconitate supply by kinetic separation.  
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Most recent outbreaks of infectious diseases are caused by RNA virus. The control of viral outbreaks requires 
nucleic acid-based diagnostic assays that are sensitive, specific, simple and fast. 
In this study, we developed a sensitive and one-pot, cell-free assay for the fluorescence-based detection of RNA 
from pathogens. The assay relies on isothermal reaction cascade producing RNA aptamer binding cognate 
fluorogenic dye and emitting fluorescence as an output. The output aptamer is transcribed by T7 RNA polymerase 
from the ligation resultant of the two single-stranded DNA probes; promoter probe and reporter probe that 
hybridize with the target RNA via SplintR ligase. SplintR ligase ligates adjacent, single-stranded DNA splinted 
by a complementary RNA strand. 
Based on specific enzymatic reaction, our assay shows high sensitivity and specificity. Also, it has broad 
adaptability by leveraging simple probe design and robustness for real diagnostics application circumstances. Our 
isothermal one-pot, cell-free nucleic acid-based diagnostics test has a possibility of alternatives to the conventional 
molecular diagnostic method. In addition, our platform can be utilized for a variety of point-of-care tests (POCT). 
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In metabolic engineering, enhanced production of value-added chemicals requires precise flux control between 
growth-essential competing and production pathways. Although advances in synthetic biology have facilitated the 
exploitation of a number of genetic elements for precise flux control, their use requires expensive inducers, or 
more importantly, needs complex and time-consuming processes to design and optimize appropriate regulator 
components, case-by-case. To overcome this issue, we devised the plug-in repressor libraries for target-specific 
flux control, in which expression levels of the repressors were diversified using degenerate 5′ untranslated region 
(5’ UTR) sequences employing the UTR Library Designer. After we validated a wide expression range of the 
repressor libraries, they were applied to improve the production of lycopene from glucose and 3-hydroxypropionic 
acid (3-HP) from acetate in Escherichia coli via precise flux rebalancing to enlarge precursor pools. As a result, 
we successfully achieved optimal carbon fluxes around the precursor nodes for efficient production. The most 
optimized strains were observed to produce 2.59 g/L of 3-HP and 11.66 mg/L of lycopene, which were improved 
16.5-fold and 2.82-fold, respectively, compared to those produced by the parental strains. These results indicate 
that carbon flux rebalancing using the plug-in library is a powerful strategy for efficient production of value-added 
chemicals in E. coli. 
 
Keywords : metabolic engineering, carbon flux rebalancing, 3-hydroxypropionic acid, lycopene, UTR library 
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De-novo-designed synthetic RNA regulators [1-3] have been utilized to construct complex RNA-based synthetic 
gene circuits in living cells. We constructed an RNA-only type 1 incoherent feedforward loop (IFFL) circuit in 
vivo using these regulators and explored their dynamic behaviors [4,5]. However, there were no significant 
timescale differences between direct activation and indirect inhibition, and no pulses were observed in the 
experiment. These results were confirmed by mathematical modeling and simulation results for a wide range of 
conditions. To increase the delay of the inhibitory pathway, we introduced a protein synthesis process into the 
circuit and designed an RNA-protein hybrid IFFL circuit using toehold switch and Tet repressor. Simulation 
results indicated that pulse generation could be achieved using this RNA-protein hybrid model, which was further 
validated by experimental realization in E. coli. This research demonstrates that RNA-based circuits can serve as 
modular and composable parts for synthetic biological circuits to achieve desired dynamics [6], and further 
suggests that previously unattainable transcription-only and translation-only RNA-based IFFL circuits could be 
implemented. 
 
Keywords : RNA-based regulators, small transcriptional activating RNA, toehold switch, three-way junction 
repressor, type 1 IFFL, pulse generation 
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Genetic circuits are composed of input, logic, and output parts. Construction of complex circuits for practical 
applications requires numerous tunable genetic parts. However, the limited diversity and complicated tuning 
methods used for the input parts hinders the scalability of genetic circuits. Therefore, a new type of input part is 
required that responds to diverse signals and enables easy tuning. Here, we developed RNA-protein hybrid input 
parts that combine a riboswitch and orthogonal transcriptional repressors. The hybrid inputs successfully regulated 
the transcription of an output in response to the input signal detected by the riboswitch and resulted in signal 
inversion because of the expression of transcriptional repressors. Furthermore, the hybrid input detected both 
exogenous and endogenous signals, indicating potential applications in metabolite sensing. This hybrid input part 
could be highly extensible considering the rich variety of components. 
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Current industrial production of dyes for textiles mainly involves numerous toxic chemicals which causes severe 
water pollution. For this, indigoidine has attracted attention as an alternative natural blue dye, but it is necessary 
to achieve a high-level production to compete with existing synthetic blue dyes. Here, we report a metabolically 
engineered Corynebacterium glutamicum capable of producing indigoidine to a high concentration with high 
productivity. First, blue-pigment indigoidine synthetase (bpsA) gene from Streptomyces lavendulae was 
expressed in C. glutamicum, which already carries strong fluxes toward L-glutamate, a precursor of indigoidine. 
Production performance of this base strain, already producing 7.3 ± 0.3 g/L indigoidine from flask, was further 
improved through a series of metabolic engineering: streamlining intracellular supply of the precursors L-
glutamate and L-glutamine; strengthening phosphotransferase system-independent glucose uptake system; 
channeling carbon fluxes from glycolysis to tricarboxylic acid (TCA) cycle; and minimizing byproducts 
formation. The final strain named BIRU11 produced 49.30 g/L indigoidine with the productivity of 0.96 g/L/h 
from fed-batch fermentation, the highest titer and productivity to date. Finally, indigoidine from the fed-batch 
fermentation of the BIRU11 strain was used to dye white cotton fabrics to examine its color and performance. 
This study demonstrates the potential of producing fabric dyes in a sustainable manner by using a metabolically 
engineered bacterium. 
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Gene expression level in a cell can vary significantly depending on culture conditions. Indeed, it is important in 
industrial biotechnology to accurately and efficiently understand changes in gene expression levels across multiple 
culture conditions of interest to better understand genotype-phenotype associations in a production host. In this 
study, we present a deep learning model that predicts the effects of cultivation condition on gene expression levels 
of Escherichia coli. This deep learning model processes four different types of inputs, including DNA sequence 
of a target gene, presence or absence of a few key medium components (e.g., oxygen), and molecular fingerprints 
and concentrations of major nutrients. For these inputs, our deep learning model deploys feed-forward neural 
networks and convolutional neural networks, and classifies the target gene as upregulated, downregulated, or no 
changes. The model showed 81% accuracy for the test dataset, RNA-seq datasets of E. coli. The deep learning 
model developed in this study will allow examining the effects of cultivation condition on gene expression profiles 
at a greater efficiency. 
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Blowfly and flesh fly have specific ecological characteristics that their larvae grow in decaying environments. To 
survive in this habitat against harmful pathogens and bacteria, the fly species produced antimicrobial peptides 
(AMPs), which are considered promising candidates for treating bacterial infections. In this study, to discover 
such valuable novel AMPs, three fly species were isolated from Pyeongchang-gun, Gangwon-do, South Korea. 
Through analysis of the mitochondrial cytochrome oxidase I gene, they were identified as Calliphora 
vicina, Lucilia illustris (Calliphoridae), and Sarcophaga kanoi (Sarcophagidae). Despite their medicinal and 
veterinary importance, the genetic information of these species has not been fully examined. Therefore, we 
generated transcriptome data sets of larval salivary glands and performed de novo transcriptome assembly. As a 
result, 29,531, 42,167, and 31,862 unigenes were assembled. These transcriptome data of blowfly and flesh fly 
isolated in Korea will allow the discovery of useful AMPs.  
** Supported by National Institute of Biological Resources under the Ministry of Environment of the Republic of 
Korea (NIBR202122101 to B.-H.L.) 
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4-Amino-1-butanol (4AB) is an important intermediate compound for drugs and a precursor of biodegradable 
polymers used for gene delivery, but is currently produced by petroleum-based processes. Here, we report for the 
first time the fermentative production of 4AB from glucose by metabolically engineered Corynebacterium 
glutamicum harboring a newly designed pathway comprising a putrescine aminotransferase (encoded by ygjG) 
and an aldehyde dehydrogenase (encoded by yqhD) from Escherichia coli, which convert putrescine to 4AB. 
Several metabolic engineering strategies such as fine-tuning the expression levels of ygjG and yqhD, eliminating 
competing pathways, and optimizing culture condition were applied to further enhance 4AB production. The fed-
batch culture of the final metabolically engineered C. glutamicum strain produced 24.7g/L of 4AB. The strategies 
developed here should be useful for the microbial production of primary amino alcohols from renewable 
resources.  
** This work was supported by the Technology Development Program to Solve Climate Changes (Systems 
Metabolic Engineering for Biorefineries) from the Ministry of Science and ICT through the National Research 
Foundation (NRF) of Korea (NRF-2012M1A2A2026556 and NRF-2012M1A2A2026557). 
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Genome engineering of Corynebacterium glutamicum, an important industrial microorganism for amino acids 
production, relies heavily on random mutagenesis and inefficient double crossover events. Here, we report a rapid 
genome engineering strategy to scarlessly knock out one or more genes in C. glutamicum in sequential and 
iterative manner. Recombinase RecT is used for incorporating synthetic single-stranded oligodeoxyribonucleo-
tides into the genome and CRISPR/Cas9 to counter-select negative mutants. We completed the system by 
engineering the respective plasmids harboring CRISPR/Cas9 and RecT for efficient curing such that multiple gene 
targets can be done iteratively and final strains will be free of plasmids. To demonstrate the system, seven different 
mutants were constructed within two weeks to study the combinatorial deletion effects of three different genes on 
the production of γ-aminobutyric acid, a chemical of much interest in industry. This genome engineering strategy 
will expedite metabolic engineering of C. glutamicum. 
** This work was supported by the Technology Development Program to Solve Climate Changes on Systems 
Metabolic Engineering for Biorefineries from the Ministry of Science and ICT through the National Research 
Foundation of Korea [NRF-2012M1A2A2026556 and NRF-2012M1A2A2026557]. This work was further 
supported by Hanwha Chemical through KAIST-Hanwha Chemical Future Technology Institute. 
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There has been increasing industrial demand for five-carbon platform chemicals, particularly glutaric acid, a 
widely used building block for the synthesis of polyesters and polyamides. Here, we report the development of an 
efficient glutaric acid microbial producer by systems metabolic engineering of an L-lysine-overproducing 
Corynebacterium glutamicum BE strain. Based on our previous study, an optimal synthetic metabolic pathway 
comprising Pseudomonas putida L-lysing monooxygenase (davB) and 5-aminovaleramide amidohydrolase 
(davA) genes and C. glutamicum 4-aminobutyrate aminotransferase (gabT) and succinate-semialdehyde dehydro-
genase (gabD) genes was introduced into the C. glutamicum BE strain. Through system-wide analyses, including 
genome-scale metabolic simulation, comparative transcriptome analysis, and flux response analysis, 11 target 
genes to be engineered were identified and expressed at desired levels to increase the supply of direct precursor 
L-lysine and reduce precursor loss. A glutaric acid exporter encoded by ynfM was newly discovered and over-
expressed to further improve glutaric acid production. Fermentation conditions including oxygen transfer rate, 
batch-phase glucose level, and nutrient feeding strategy, were optimized for the efficient production of glutaric 
acid. In fed-batch culture, the final engineered strain produced 105.3 g/L of glutaric acid in 69h without any 
byproduct. The systems metabolic engineering and fermentation optimization strategies described here will be 
useful for developing engineered microbial hosts for the efficient bio-based production of other chemicals of 
interest to industry.  
** This research was supported by the Bio & Medical Technology Development Program of the National Research 
Foundation (Grant number 2020M3A9I503788311) and funded by the Ministry of Science and ICT, Republic of 
Korea. 
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Methyl anthranilate (MANT) is a widely used compound in flavoring foods and drugs with its grape scent and 
flavor, but is currently produced by petroleum-based processes. Here, we report the direct fermentative production 
of MANT from glucose by metabolically engineered Escherichia coli and Corynebacterium glutamicum strains 
harboring a plant-derived metabolic pathway. Optimizing the key enzyme anthranilic acid (ANT) methyltrans-
ferase1 (AAMT1) expression, increasing the direct precursor ANT supply, and enhancing the intracellular avail-
ability and salvage of the cofactor S-adenosyl-L-methionine required by AAMT1, improve MANT production in 
both engineered strains. Moreover, in situ two-phase extractive fermentation using tributyrin as an extractant is 
developed in order to overcome MANT toxicity. Fed-batch cultures of the final engineered E.coli and C. 
glutamicum strains in two-phase cultivation led to the production of 4.47 and 5.74 g/L MANT, respectively, in 
minimal media containing glucose. The metabolic engineering strategies developed here will be useful for the 
production of volatile aromatic esters.  
** This work was supported by the Technology Development Program to Solve Climate Changes on Systems 
Metabolic Engineering for Biorefineries from the Ministry of Science and ICT through the National Research 
Foundation (NRF) of Korea (Grants NRF-2012M1A2A2026556 and NRF-2012M1A2A2026557). 
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Transcription factor (TF), a sequence-specific DNA-binding protein that regulates the transcription, was hard to 
predict if it shows no sequence homology with identified TFs. Here we developed DeepTFactor, a deep learning-
based tool for the prediction of TFs, applying a convolutional neural network that has three subnetworks in 
parallel. It successfully predicted TFs of both eukaryotic and prokaryotic origins. Analysis of gradients of 
prediction score for input showed DeepTFactor detects DNA-binding domains and other latent features. 
DeepTFactor predicted 332 candidate TFs in Escherichia coli K-12 MG1655, and three of them were validated 
by identifying genome-wide binding sites with ChIP-exo experiments. We provide DeepTFactor as a stand-alone 
program and made the list of 4,674,808 TFs from 73,873,012 protein sequences in 48,346 genomes. DeepTFactor 
will be useful for identifying the regulatory system.  
** This work was supported by the Technology Development Program to Solve Climate Changes on Systems 
Metabolic Engineering for Biorefineries(NRF-2012M1A2A2026556 and NRF-2012M1A2A2026557) from the 
Ministry of Science and ICT through the National Research Foundation(NRF) of Korea. 
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Using synthetic colorants has increased health concerns and caused interest in producing natural colorants for 
replacement. However, many natural colorants are hydrophobic, either accumulated inside or on the cell 
membrane, which causes cell growth limitation and reduces the production. Here, we engineered Escherichia 
coli membranes for enhanced production of rainbow colorants, three carotenoids and four violacein derivatives 
which are hydrophobic. 322 mgL-1 of astaxanthin (red), 343 mgL-1 of β-carotene (orange), 218 mgL-1 of 
zeaxanthin (yellow), 1.42 gL-1 of proviolacein (green), 0.844 gL-1 of prodeoxyviolacein (blue), 6.19 gL-1 of 
violacein (navy), and 11.26 gL-1 of deoxyviolacein (purple) were produced by employing systems metabolic 
engineering strategies including cell morphology engineering, inner-membrane and outer-membrane vesicle 
formation, and fermentation optimization. These membrane engineering strategies are useful for microbial 
production of diverse hydrophobic natural products.  
** This work was supported by the “Cooperative Research Program for Agriculture Science & Technology 
Development (Project No. PJ01550602)” Rural Development Administration, Republic of Korea. 
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In this study, we report an engineered Escherichia coli strain capable of producing carminic acid, a natural red 
colorant, from glucose. We optimized the type II polyketide synthase machinery and introduced cyclases ZhuIJ 
to produce the precursor flavokermesic acid. Biochemical analyses were performed to identify aklavinone 12-
hydroxylase (DnrF) and C-glucosyltransferase (GtCGT) that are capable of performing hydroxylation and C-
glycosylation which are required for carminic acid biosynthesis. Then, performing homology modeling and 
docking simulations for the two enzymes resulted in beneficial mutants with higher activities. Moreover, the 
mutant GtCGT developed above could also produce aloesin from aloesone. Finally, fed-batch fermentation of the 
final strain produced 0.63 ± 0.02 mg/L of carminic acid from glucose.  
** This work was supported by the Technology Development Program to Solve Climate Changes on Systems 
Metabolic Engineering for Biorefineries (NRF-2012M1A2A2026556 and NRF-2012M1A2A2026557) of the 
Ministry of Science and ICT (MSIT) through the National Research Foundation (NRF) of Korea; S.Y.L. and D.Y. 
were also supported by Novo Nordisk Foundation grant NNF16OC0021746. 
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Aromatic polyesters are indispensable plastics produced from petroleum. In this study, we integrated and 
overexpressed Clostridium difficile isocaprenoyl-CoA:2-hydroxyisocaproate CoA-transferase and evolved 
polyhydroxyalkanoate (PHA) synthase genes in a D-phenyllactate-producer strain. As a result, poly(52.3 mol% 
3-hydroxybutyrate(3HB)-co-47.7 mol% D-phenyllactate) were produced from glucose and sodium 3HB. Various 
poly(3HB-co-D‐phenyllactate) polymers are produced from glucose by expression of Cupriavidus necator β-
ketothiolase (phaA) and reductase (phaB) genes. Fed-batch culture of this engineered strain produces 13.9 gL-1 
of poly(61.9 mol% 3HB-co-38.1 mol% D-phenyllactate). The engineered microbial system will be useful for one-
step fermentative production of aromatic polyesters from renewable resources.  
** This work was supported by the Intelligent Synthetic Biology Center through the Global Frontier Project (2011-
0031963) and also by the Technology Development Program to Solve Climate Changes on Systems Metabolic 
Engineering for Biorefineries (NRF2012M1A2A2026556 and NRF-2012M1A2A2026557) from the Ministry of 
Science and ICT through the National Research Foundation of Korea. 
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Nylons are polyamides which have various widespread uses. Although there have been various attempts for fully-
biobased production of nylons, it has not yet been realized. Here, we report characterization and biosynthesis of 
nylon-4,4 and nylon-5,4 from metabolically engineered bacteria, which produces succinic acid, 1,4-diami-
nobutane, and 1,5-diaminopentane during fermentation. This bionylon shows excellent water absorptivity and 
thermotolerance. The bionylon can also act as a successful matting agent, reducing ASA surface gloss. Bionylons 
are also biodegradable, which is another eco-friendly aspect. The strategy reported here for the synthesis of fully-
biobased nylons, such as fermentative monomer production, purification, polymerization, characterization, and 
application can serve as a guideline for other types of fully-biobased polymer synthesis.  
** This work was supported by the Technology Development Program to Solve Climate Changes on Systems 
Metabolic Engineering for Biorefineries (NRF-2012M1A2A2026556 and NRF-2012M1A2A2026557) from the 
Ministry of Science and ICT, through the National Research Foundation (NRF) of Korea. 
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Succinic acid (SA) is an industrially important dicarboxylic acid. Efficient production of SA is possible by 
employing metabolically engineered Mannheimia succiniciproducens. One key enzyme in SA production is 
malate dehydrogenase (MDH). However, thorough characterization of MDH has not been done. Here, we 
analyzed the structural and biochemical properties of several MDHs. Furthermore, we developed a hyper-SA-
producing M. succiniciproducens strain through introducing an optimal MDH. MDH from Corynebacterium 
glutamicum (CgMDH) exhibits least substrate inhibition and highest specific activity, whereas M. succinicipro-
ducens MDH (MsMDH) shows strong uncompetitive inhibition by oxaloacetate (KI of 67.4 μM for MsMDH, and 
5.88 μM for CgMDH) and has low specific activity at physiological pH. The structure of the two MDHs were 
compared to reveal a key residue that influences their substrate inhibition susceptibility and specific activity. 
High-inoculum fed-batch fermentation with the cgmdh-expressing final strain was able to produce 134.25 g.L-

1 SA with maximum productivity of 21.3 g.L-1.h-1, highlighting the importance of enzyme optimization during 
strain development. This work was supported by the Technology Development Program to Solve Climate Changes 
on Systems Metabolic Engineering for Biorefineries (NRF-2012M1A2A2026556 and NRF-2012M1A2A2026557) 
from the Ministry of Science and ICT (MSIT) through the National Research Foundation (NRF) of Korea. This 
work was further supported by the C1 Gas Refinery Program (NRF-2016M3D3A1A01913250) from MSIT 
through NRF. 
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Synthetic autotroph or formatotroph development has attracted attention as a way to convert low-value C1 
compounds to higher-value chemicals, and therefore act as a feasible method to solve environmental problems by 
presenting a way to utilize greenhouse gases. Although there have been previous reports of engineered Escherichia 
coli strains that can grow on only CO2 and formic acid, the reported final cell density showed very low values, of 
less than 1 (OD600). Here, we achieved a relatively high cell density (higher than OD600 of 11) with an engineered 
E. coli strain which can grow on only CO2 and FA. Metabolic engineering was performed to introduce synthetic 
CO2 and formic acid assimilation pathways, express formate dehydrogenase genes, optimize cytochrome bo3 and 
bd-I ubiquinol oxidase levels, and fine-tune metabolic fluxes. This novel E. coli strain can act as an effective 
platform strain for producing high-value chemicals through use of C1 compounds only. 
** This work was supported by the C1 Gas Refinery Program through the National Research Foundation of Korea 
(NRF) funded by the Ministry of Science and ICT (NRF-2016M3D3A1A01913250). 
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Flavonoids are polyphenolic secondary metabolites with diverse chemical structures found in plants. Citrus fruits 
are notably rich in flavonoid compounds and represent an important source of dietary flavonoids, including 
hesperidin, hesperetin, naringin, naringenin, diosmin, quercetin, rutin, and others. These flavonoids are present in 
many citrus fruits, such as, grapefruit, lemons, limes, mandarins, and oranges. They have been reported to have 
beneficial effects on human health, including antioxidant, anti-inflammatory, and anti-cancer activities. Mono-
phenol monooxygenase is a Cu-containing oxidoreductase which is capable of utilizing various phenolic 
compounds as the substrate. Based on the broad substrate spectrum, this enzyme has been used various fields such 
as bioremediation, biosensor, and chemical synthesis. Here, an enzymatic strategy for oxyfunctional citrus 
flavonoids production was devised, and the products were analyzed using HPLC and LC-MS. Citrus flavonoids 
were oxidized by monooxygenase and L-ascorbic acid contributed to regioselective production. These results 
suggest that monophenol monooxygenase can be a useful tool for oxyfunctionalization of citrus flavonoids. 
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Rhamnolipids are a class of biosurfactants which are composed of rhamnose and B-hydroxylated fatty acid chain. 
Rhamnolipids can be widely used in various fields such as food, biomedical engineering, and agriculture, 
etc. Pseudomonas aeruginosa is still well known as a producer of rhamnolipids, but this microorganism causes 
health concerns due to its pathogenicity. Therefore, Heterologous production of rhamnolipids using non-
pathogenic strains has been studied to improve the production of rhamnolipids. RhlA, RhlB, and RhlC are key 
enzymes for biosynthesis of rhamnolipids in Pseudomonas aeruginosa. Here, we constructed plasmid vectors for 
producing rhamnolipids in E. coli by introducing codon optimized gene of rhamnolipids biosynthesis. These 
plasmid vectors can be applied to produce rhamnolipids in non-pathogenic E. coli. Furthermore, the heterologous 
expression of rhl genes will be a background system to increase the yield of rhamnolipids in E. coli by carrying 
out genetic, metabolic engineering tools. 
** This study is supported by National Institute of Agricultural Sciences, Rural Development Administration, 
Republic of Korea. (PJ016567502) 
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Microorganisms are now routinely used as cellular factories to produce a variety of bio-based chemicals for a 
broad range of applications. However, a critical bottleneck to scalable microbial chemical production is the yield 
reduction due to the cellular toxicity of the produced biochemicals. To overcome this toxicity, we previously 
demonstrated that an engineered AcrB antibiotic pump alleviates toxicity and increases n-butanol production in E. 
coli. However, the overexpression of the integral-membrane pump protein often inhibits cell growth, and it 
negatively affects the final titer of the desired biochemical. To improve the feasibility of efflux pumps, we took 
two approaches to control membrane pump expression levels. First, we identified a native cellular promoter with 
an activity that modulates membrane protein expression in response to stress. Second, we employed promising 
effector proteins DjlA and RraA, which were shown to enhance membrane protein expression substantially in E. 
coli. We expect that our strategy of active efflux for biochemicals will become more attractive with these 
enhancements, making it a valuable approach for improving the titer of biochemicals produced in microbial cell 
factories.  
** This work was supported by the National Research Foundation of Korea (NRF) grant funded by the Korea 
government (MSIT) (No. 2021R1A5A8029490). 
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Retinoids are synthesized chemically and used as cosmetic agents and effective pharmaceuticals for skin diseases. 
Chemical processes are expensive, and purification steps are complex, so microbial production systems have 
emerged as an alternative. However, production using the engineered E. coli MG1655 strain was insufficient due 
to by-products such as pyruvate and acetyl-CoA. The genes involved in the by-product metabolism were deleted 
in MG1655 resulting in the mutant called AceCo. Although higher lycopene was produced in the AceCo strain, 
retinoids production was decreased, and we presumed that reduction was by the glyoxylate cycle. After adding 10 
g/L of the glyoxylic acid to the culture media, the retinoids production increased up to 80% after 72 hours. The 
AceCo strain will be widely used for the production of another terpenoid.  
** This work was supported by the National Research Foundation of Korea (NRF) grant funded by the Korea 
government (MSIT) (No. 2021R1A5A8029490). 
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D-Psicose (D-allulose) has received considerable attention as a next-generation sweetener because of 0.3% of 
calories relative to sucrose. D-Psicose also has a strong potential as an alternative sweetener for obese and 
diabetics with various biological functions. Recently, biological production of D-psicose from D-fructose using 
D-psicose 3-epimerase (DPE) has been developed. However, the conversion rate is still around 30%, which causes 
an undesirable increase in purification cost due to the similar solubility of D-psicose and D-fructose. We addressed 
the ensuing D-mannitol production process to solve the issue, which converts the residual D-fructose to D-
mannitol. Because of the low solubility of D-mannitol, D-psicose can be readily purified at the final reaction 
solution. Additionally, as a valuable sugar alcohol, D-mannitol has been used as food additives and medical 
supplies. The sequential whole-cell conversion reactions for D-psicose and D-mannitol in C. glutamicum can 
make both products convenient and economical.  
** This work was supported by the National Research Foundation of Korea (NRF) grant funded by the Korea 
government (MSIT) (No. 2021R1A5A8029490). 
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The performance of the engineered Escherichia coli utilizing xylose oxidative pathway (XOP) for the production 
of valuable compounds is continuously affected by persisting D-xylonate accumulation. This perturbs cell growth, 
enzymatic activity, and product formation as a result of media acidification and hosts vulnerability to D-xylonate. 
Herein, overexpression of xylose dehydrogenase (XDH) concomitant with the inefficient expression of enzymes 
for D-xylonate assimilation, redox imbalance, and insufficient cofactors were identified as contributors to D-
xylonate accumulation. Strategies involving the use of biosensors, integration of NADPH-generating enzymes, 
and minimizing the expression of XDH were found effective in addressing this issue. This shed some insights on 
effective strategies for the development of efficient microbial cell factories utilizing XOP.  
** This work was supported by the National Research Foundation of Korea(NRF) grant funded by the Korea 
government (MSIT No. 2021R1F1A1045612 & MOE No. 2020R1A6A1A03038817), and by the Korea Institute 
of Energy Technology Evaluation and Planning(KETEP) funded by the Ministry of Trade, Industry & Energy 
(MOTIE No. 20194010201750). 
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Existing engineered GA-producing strains have limited substrate consumption capacity as carbon catabolite 
repression (CCR) hinders the co-utilization of different sugars. Hence, in this study, Escherichia coli was 
engineered to co-utilize D-xylose and L-arabinose for GA production through the synergy of metabolic pathways 
responsible for the assimilation D-xylose and L-arabinose towards GA formation. Different L-arabinose metabolic 
pathways namely glycoptimus pathway and L-xylulose-1-phosphate pathway for GA production were assessed. 
The most efficient L-arabinose metabolic pathway to GA was subsequently synergize with Dahms pathway to 
produce GA from D-xylose and L-arabinose. Overall, this study was the first to screen for appropriate L-arabinose 
pathway as well as the synergy of the L-arabinose pathway and Dahms pathway for GA production.  
** This work was supported by the National Research Foundation of Korea (NRF) grant funded by the Korea 
government (MSIT No. 2021R1F1A1045612 and MOE No. 2020R1A6A1A03038817), and by the Korea Institute 
of Energy Technology Evaluation and Planning (KETEP) funded by the Ministry of Trade, Industry and Energy 
(MOTIE No. 20194010201750). 
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Efficient utilization of different sugars is a pre-requisite to the development of industrially competitive glycolic 
acid (GA) producing Escherichia coli strain. Unfortunately, engineered GA-producing strains have limited 
substrate consumption as carbon catabolite repression (CCR) hinders co-utilization of different fermentable 
sugars.  Hence, E. coli utilizing D-xylose via Dahms pathway for GA production was further engineered to 
consume cellobiose by expression of cellobiose phosphorylase (cep94A) gene from Saccharophagus degredans. 
Unlike glucose, cellobiose does not repress D-xylose uptake and metabolism. The strain was able to consume 
cellobiose resulting in the maximum theoretical yield of 0.51 g GA g-1 xylose. Rapid cellobiose consumption was 
also achieved via adaptive laboratory evolution leading to a robust GA-producing E. coli strain.  
** This work was supported by the National Research Foundation of Korea(NRF) grant funded by the Korea 
government (MSIT No. 2021R1F1A1045612 & MOE No. 2020R1A6A1A03038817), and by the Korea Institute 
of Energy Technology Evaluation and Planning(KETEP) funded by the Ministry of Trade, Industry & Energy 
(MOTIE No. 20194010201750). 
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The bacterial redox sensor has been highlighted since the monitoring and control of cellular redox state influence 
the cell metabolism and target metabolite production. In Pseudomonas putida, fpr ferrodoxin NADP+ reductase 
gene senses the ROS/oxidative stress and gives transcriptional response to defend against toxic compounds. Fpr 
regulation is known to be induced by the LysrR type transcriptional factor FinR. Such transcriptional regulation 
is helpful for bacteria to sense the oxidative stress resulting from the environmental factors induced by toxicity 
and/or or environmental pollutants. This mechanism could be applied to upregulate gene of interest placed 
downstream of the fpr gene. In this study, a dual plasmid was made to harbour finr-fpr gene and LacZ as reporter 
protein into the Pseudomonas sp. The redox stress/ ROS generated by various redox mediator like pyocyanin, 
Paraquat, HNQ and HQ and was carried out under anaerobic and aerobic conditions. The redox sensor was 
activated by use redox cycling drugs and generated response was measured. The β-galactosidase activity was 
quantified, and protein expression levels were analyzed. In further studies this property will be applied for 
induction of the gene of interest using the redox mediated stress in a Bio-electrochemical system (BES), which 
can be used for controlled modulation of the downstream gene expression by applied potential for higher 
production of the biofuels or valuable chemical synthesis. This result indicated that monitoring and controlling of 
bacterial redox stress can be used as a parameter to regulate gene expression and metabolite production. (Poster) 
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Carbon monoxide (CO) is enormously emitted through both natural and manufactured processes. Some 
microorganisms utilize CO as a carbon source to produce value-added organic compounds as metabolites. CO 
dehydrogenase (CODH), which is a key enzyme in CO metabolism, usually catalyzes the oxidation of CO to CO2. 
To utilize CODH in a two stage biocatalytic CO-conversion system (CO-CO2-formate), ChCODH which 
originates from anaerobic microorganism Carboxydothermus hydrogenoformans was manufactured in metabo-
lically engineered Escherichia coli under anaerobic condition. However, this heterologous enzyme is vulnerable 
to produce soluble recombinant proteins because of inclusion body formation. Thus, we have optimized culture 
condition of metabolically engineered E.coli for decreasing formation of inclusion body and increasing the soluble 
expression of ChCODH with high activity. Furthermore, it was confirmed that soluble expression and activity 
of ChCODH were dramatically increased by the co-expression of the chaperone proteins. 
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Protein scaffold complex strategy was introduced between the enzymes phosphoenolpyruvate carboxylase (Ppc) 
and malate dehydrogenase (MdhA) in non-oxidative malic acid pathway (Fig. 1). The protein scaffold can increase 
the carbon flux towards the malic acid production by closely co-localization of pathway enzymes. Various culture 
conditions such as pH, temperature and glucose concentration were optimized for effective malic acid production. 
Similarly, various competing pathway mutant E. coli strains were also tested for improved malic acid production. 
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In this study, constructed Escherichia coli could efficiently adsorb fenitrothion by displaying a pesticide-binding 
peptide on it using the anchoring motif OmpC. A codon-optimized, pesticide-binding peptide was attached to the 
C-terminus of OmpC at loop 7 (993 bp). The efficiency of fenitrothion binding by the monomer peptide was 
evaluated under different temperatures, pH levels, and fenitrothion concentrations. To enhance fenitrothion 
adsorption, a dimer of pesticide-binding peptide was also constructed and displayed. Compared with the peptide 
monomer, the dimer-displaying strain showed superior fenitrothion-binding ability. The performance of the strains 
was evaluated in artificial polluted soil, and their morphology was analyzed by FE-SEM. The results showed that 
these two kinds of constructed strains can adsorb fenitrothion in contaminated environments with no cellular 
activity reduction. 
 
Keywords : cell surface display, biosorption, fenitrothion 
 
  

434



Convergence of Biotechnologies in the 4th Industrial Revolution Era2021 한국생물공학회 추계학술발표대회 및 국제심포지엄
2021 KSBB Fall Meeting and International Symposium

 P0372   Nucleic Acid-based Gene Regulators as Biosensors for Metabolic Engineering and Molecular 
Diagnosis 

 
Sungho JANG1,2,3 
1Department of Bioengineering and Nano-Bioengineering, Incheon National University, Incheon, Korea, 2Division 
of Bioengineering, Incheon National University, Incheon, Korea, 3Institute for New Drug Development, Incheon 
National University, Incheon, Korea 
Corresponding Author Email : sjang@inu.ac.kr 
 
Synthetic biology has the potential to provide solutions for the challenges of modern society and pave new ways 
to understand life. Our ability to designing biological systems by synthetic biology is dependent on our ability to 
regulate gene expression. Nucleic acids offer new opportunities for developing artificial gene regulators based on 
their programmability, versatility, low genetic footprint, and economic production both in vivo or in vitro. Here, 
I am going to introduce examples showing how human design can cooperate with nature’s power to develop 
nucleic acid-based gene regulators as biosensors. Specifically, a new development process for RNA-based gene 
regulators and their application to guide the evolution of metabolite-producing recombinant bacteria will be 
presented. In addition, the rationally designed nucleic acid-based molecular program for rapid diagnosis of 
pathogens called SENSR will be discussed. 
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 P0373   Biocatalytic Production of 3-OH Phlorizin by CYP102A1 via Regioselective Hydroxylation 
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Phlorizin and its aglycone phloretin from the apple tree and its products are currently considered health-beneficial 
polyphenols from apples useful in treating hyperglycemia and obesity. Recently, we showed that phloretin can be 
regioselectively hydroxylated to make 3-OH phloretin by Bacillus megaterium CYP102A1 and human P450 
enzymes. The 3-OH phloretin has a potent inhibitory effect on differentiating 3T3-L1 preadipocytes into 
adipocytes and lipid accumulation. The glucoside of 3-OH phloretin would be a promising agent with increased 
bioavailability and water solubility compared with its aglycone. However, procedures to make 3-OH phlorizin 
using chemical methods are not currently available. Here, a biocatalytic strategy for the efficient synthesis of a 
possibly valuable hydroxylated product was developed via CYP102A1-catalyzed regioselective hydroxylation. 
The production of 3-OH phlorizin by CYP102A1 was confirmed by HPLC and LC-MS spectroscopy in addition 
to enzymatic removal of its glucose moiety. Taken together, we found a panel of mutants from B. megaterium 
CYP102A1 can catalyze regioselective hydroxylation of phlorizin to produce 3-OH phlorizin, a catechol product. 
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 P0374   A Novel Statin Compound from Monacolin J Produced by CYP102A1- catalyzed Regioselective 
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Statins inhibit the 3-hydroxy-3-methyl-glutaryl-coenzyme A reductase (HMG-CoA reductase), which plays a 
central role in the cholesterol production. They reduce cardiovascular disease and mortality in those who are at 
high risk of cardiovascular disease. Monacolin J is a statin compound as a lovastatin precursor. It is found in red 
yeast rice with various strains of the yeast Monascus purpureus. Monacolin J has a hydroxyl substituent at position 
C’-8 of monacolin L. This study was conducted to synthesize new statin compounds from monacolin J through 
bacterial CYP102A1 catalysis. Here we found the catalytic ability of CYP102A1 to catalyze regioselective 
hydroxylation of monacolin J. More specifically, a major product was found with a hydroxyl group attached at C-
6’a position of monacolin J, which has never been reported. C-6'a-hydroxymethyl monacolin J has shown the 
ability to inhibit HMG-CoA reductase higher than the monacolin J substrate itself. Human liver microsomes and 
human CYP3A4 also showed the ability to catalyze monacolin J to produce the same product of CYP102A1-
catalyzed reaction. This result will be a premise as a new platform for development of statin drug candidates. 
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A large amount of apple pomace, which have polyphenol compounds including phloretin, was discarded every 
year. Phloretin is a polyphenol compound that can be obtained from apple pomace and considered to have health 
beneficial potential to treat hyperglycemia and obesity. We examined the possibility that CYP102A3 
from bacillus subtilis has catalytic activity which converts phloretin to 3-OH phloretin. For the higher activity, 
we implemented polymerase chain reaction based site-directed mutagenesis on CYP102A3 to introduce triple 
mutation. Additional Error-prone PCR was carried out on heme domain to generate a CYP102A3 DNA library. 
The DNA was transformed into Escherichia coli (DH5αF´-IQ) for expression of CYP102A3 mutants. Here, we 
adopted colormetric colony-based method for efficient screening and investigated the relationship between color 
and activity. We found that E. coli forming indigo color, tended to be more active. The production of 3-OH 
phloretin by CYP102A3 was confirmed by HPLC and LC-MS. Taken together, CYP102A3 can catalyze 
regioselective 3-hydroxylation of phloretin and can be a suitable candidate for industrial application of producing 
3-OH phloretin. 
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Tyrosinase (Ty) is a copper-containing dioxygenase responsible for melanin formation in many organisms. Ty 
catalyzes the o-hydroxylation of monophenols to o-diphenols and the subsequent oxidation of o-diphenols to o-
quinones. The highly reactive o-quinones convert to melanin spontaneously. Ty has a considerable potential to 
synthesize bioactive catechol derivatives because of regioselective o-hydroxylation. Rhododendrol (RD) is a 
naturally occurring phenolic compound found in many plants. In melanocytes, RD is metabolized to RD-quinone 
via RD-catechol by Ty. Subsequent spontaneous reactions convert RD-quinone to melanin. Bioactive or adverse 
effects of various RD metabolites are not well established because metabolites with high purity cannot be obtained. 
Here, an enzymatic strategy for RD-catechol production was devised using Ty, and the product was analyzed 
using HPLC and LC-MS. L-ascorbic acid inhibited RD-quinone formation and contributed to produce RD-
catechol. These results indicate that Ty can be used as effective biocatalysts to produce hydroxylated products, 
and Ty is a cost-effective biocatalyst for industrial applications. 
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DDX3 is a host viral factor that can inhibit the hepatitis B virus induced innate immune responses. In this study, 
the 20 bioactive compounds were screened the effects on DDX3 and we found that 5-HT upregulated DDX3 
promoter activity via the 5-HT7 receptor on liver hepatocellular cells (HepG2 cells) by using a luciferase assay, 
RT-PCR analysis, and western blot analysis. Furthermore, we are trying to elucidate the pathways involved in the 
stimulating effect of 5-HT on DDX3 expression to induce innate immune responses against hepatitis B virus 
infection. A knockdown of the 5-HT7 receptor by transfection si-5-HT7 receptors or si-control into HepG2 cells 
treated by 5-HT (or 5-HT plus agonist) confirmed the role of the 5-HT7 receptor in DDX3 expression. The IFN-
β-Luc expression and level of hepatitis B virus surface Antigen (HBsAg) showed that DDX3 mediated by the 5-
HT7 agonist (AS-19) increased IFN-β expression and inhibited HBV replication. Luciferase assays showed the 
involvement of 5-HT7 receptors in DDX3 expression via cAMP/AC/PKA pathways by using protein kinas A 
(PKA) and adenylyl cyclase inhibitor (MDL 12330A). AS-19 mediated DDX3 promoter activated PKA 
extracellular signal regulated kinase ERK signaling the p53 phosphorylation (-1080/-1070) resulted in upre-
gulation of DDX3 promoter transactivation via the 5-HT7 receptors agonist. Overall, 5-HT7 was found to be a 
new potential target to inhibit hepatitis B infection by activating AC/PKA/ERK pathways by phosphorylating p53 
via the 5-HT7 agonist response by mediating DDX3 expression. 
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The pks island, one of the well-known pathogenicity islands (PAI), produces a genotoxin, colibactin [1-2], and 
has garnered much interest in recent studies due to strong correlations between pks island and intestinal diseases 
[2-4]. Nonetheless, a low-cost, point-of-care (POC) diagnosis of the pks island has remained challenging. 
Here, we propose a versatile pks island detection platform using de-novo designed riboregulators, toehold 
switches, which can be designed to sense arbitrary RNA inputs [5] with wide dynamic range, low crosstalk and 
high programmability. Recently, toehold-switch-based POC diagnostics for Zika virus was successfully 
demonstrated [6], and could be extended to SARS-CoV-2 [7]. To reduce the burden on screening procedure for 
high performance toehold switches, we developed an efficient heuristic algorithm to select accessible RNA 
regions within a long RNA sequence using an in silico tool, NUPACK, and adopted ‘helper’ designs to help 
linearize RNA structures around a target site. Experimentally, these approaches enhanced both sensitivity and 
fold-change in vivo and also improved robustness in an in vitro POC platform. Our strategy could reduce the 
laborious screening procedure and enhance output signals, providing a valuable toolkit for a POC testing of PAIs 
such as the pks island. 
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Caprolactam is a monomer used for the synthesis of nylon-6. An intracellular biosensor for caprolactam can 
facilitate high-throughput metabolic engineering of recombinant microbial strains. Because of the mixed 
production of caprolactam and valerolactam in the recombinant strain, a caprolactam biosensor should be highly 
specific for caprolactam. However, a highly specific caprolactam sensor has not been reported. Here, we 
developed an artificial riboswitch that specifically responds to caprolactam. This riboswitch was prepared using 
a coupled in vitro-in vivo selection strategy with a heterogeneous pool of RNA aptamers obtained from in 
vitro selection to construct a riboswitch library used in in vivo selection. The caprolactam riboswitch successfully 
discriminated caprolactam from valerolactam. This riboswitch enabled caprolactam-dependent control of cell 
growth, which will be useful for improving caprolactam production and is a valuable tool for metabolic 
engineering. 
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Acetate is one of promising feedstocks owing to its cheap price and great abundance. In this study, we engineered 
a previously reported strain, SCK1, for efficient production of tyrosine from acetate. Initially, the acetate uptake 
and gluconeogenic pathway were amplified to maximize the flux toward tyrosine. As flux distribution between 
glyoxylate and TCA cycles is critical for efficient precursor supplementation, the activity of the glyoxylate cycle 
was precisely controlled by expression of isocitrate lyase gene under different-strength promoters. Consequently, 
the engineered strain with optimal flux distribution produced 0.70 g/L tyrosine with 20% of the theoretical 
maximum yield which are 1.6-fold and 1.8-fold increased values of the parental strain. This is the first 
demonstration of tyrosine production from acetate. Our strategies would be widely applicable to the production 
of various chemicals from acetate in future. 
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Since the demonstration of primitive studies on molecular computing over two decades ago, modern synthetic 
biologists are now seeking for more complex artificial cellular functions. In this regard, RNA is one of promising 
materials for synthetic circuit due to its fully designable Watson-Crick base pairing and various structure 
prediction bioinformatic tools. While several arithmetic logics are implemented using diverse components [1,2], 
RNA-only operation has not yet been achieved. Here, we show RNA-only binary operation of XOR gate and 
cellular arithmetic logic operation, specifically half-adder and half-subtractor. By the integration of orthogonal 
NIMPLY gates developed from de-novo-designed toehold switches [3], we can successfully demonstrate XOR 
gate which have higher dynamic range compared to conventional systems. Then, basic binary calculators, the half-
adder and half-subtractor, are constructed based on our XOR gate by combining with AND gate and NIMPLY 
gate, respectively. We have further planned to build more sophisticated molecular computing devices, such as 
Neural network, by using multi-input multi-output features of binary calculators. 
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We report construction of a new platform metabolic pathway for the microbial production of four-carbon 
(butyrolactam), five-carbon (valerolactam) and six-carbon (caprolactam) lactams. This pathway uses ω-amino 
acids as precursors and comprises two steps. Activation of ω-amino acids catalyzed by the Clostridium 
propionicum β-alanine CoA transferase (Act) followed by spontaneous cyclization. The pathway operation was 
validated both in vitro and in vivo. Three metabolically engineered Escherichia coli strains were developed by 
introducing the metabolic pathways, which resulted in the production of butyrolactam, valerolactam and 
caprolactam from renewable carbon source. In particular, fed-batch fermentation of the engineered E. coli strain 
produced 54.14 g/L of butyrolactam from glucose. These results demonstrate the high efficiency of the novel 
lactam pathway developed in this study.  
** This work was supported by the Technology Development Program to Solve Climate Changes on Systems 
Metabolic Engineering for Biorefineries from the Ministry of Science, ICT and Future Planning (MSIP) through 
the National Research Foundation (NRF) of Korea (NRF-2012M1A2A2026556 and NRF-2012M1A2A2026557). 
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Microbial production of free fatty acids (FFAs) and derivatives is of great interest. We report the development of 
engineered Rhodococcus opacus strains producing FFAs, fatty acid ethyl esters (FAEEs) and long-chain 
hydrocarbons (LCHCs). An engineered strain with acyl-CoA synthetases deleted, overexpressing three lipases 
produces 50.2 g/L of FFAs. Another engineered strain with acyl-CoA dehydrogenases deleted, overexpressing 
lipases, foldase, acyl-CoA synthetase, and heterologous aldehyde/alcohol dehydrogenase and wax ester synthase 
produces 21.3 g/L of FAEEs. A third engineered strain with acyl-CoA dehydrogenases and alkane-1 mono-
oxygenase deleted, overexpressing lipases, foldase, acyl-CoA synthetase, and heterologous acyl-CoA reductase, 
acyl-ACP reductase and aldehyde deformylating oxygenase produces 5.2 g/L of LCHCs. Engineered strains 
developed here will help establish oleaginous biorefinery platform.  
** This work was supported by the Technology Development Program to Solve Climate Changes on Systems 
Metabolic Engineering for Biorefineries from the Ministry of Science and ICT through the National Research 
Foundation (NRF) of Korea (NRF-2012M1A2A2026556 and NRF-2012M1A2A2026557). 
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Ethylene glycol (EG) is an important chemical used for poly(ethylene terephthalate) synthesis. In this 
study, Escherichia coli was metabolically engineered to efficiently produce EG from xylose. First, the Dahms 
pathway was introduced by expressing xylBC genes from Caulobacter crescentus (xylBCccs). Various E. coli 
strains and glycolaldehyde reductases were screened to find E. coli W3110 strain and glycolaldehyde reductase 
(yqhD) as optimal combination for EG production. In silico genome-scale metabolic simulation suggested that 
increasing the native xylose pathway flux is beneficial for EG production. This was achieved by reducing the 
Dahms pathway flux by employing a synthetic small regulatory RNA targeting xylBccs. Fed-batch culture of the 
final engineered E. coli strain produced 108.2 g/L of EG with yield and productivity of 0.36 g/g (0.87 mol/mol) 
and 2.25 g/L/h, respectively.  
** This work was supported by the Technology Development Program to Solve Climate Changes on Systems 
Metabolic Engineering for Biorefineries from the Ministry of Science, ICT and Future Planning (MSIP) through 
the National Research Foundation (NRF) of Korea (NRF-2012M1A2A2026556 and NRF-2012M1A2A2026557). 
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Polyhydroxyalkanoates (PHAs) are natural polymers accumulated as insoluble granules in numerous micro-
organisms and are considered sustainable and eco-friendly plastics. Despite great advances in PHA research, 
spatiotemporal characteristics of PHA granules in vivo are not well understood due to technical limitations. Here 
we report the results of 3D quantitative analysis of PHA granules in a living cell by measuring the refractive index 
distributions using optical diffraction tomography. The formation of PHA granules in the cells of Cupriavidus 
necator, the most-studied native PHA producer, and recombinant Escherichia coli was comparatively examined. 
Through the statistical analysis of cells, the distinctive differences for PHA granules in the two microorganisms 
were found, providing insights into PHA biosynthesis mechanism.  
** This work was supported by the Technology Development Program to Solve Climate Changes on Systems 
Metabolic Engineering for Biorefineries (NRF2012M1A2A2026556 and NRF-2012M1A2A2026557) and by the 
Bio & Medical Technology Development Program (No. 2021M3A9I4022740) from the Ministry of Science and 
ICT through the National Research Foundation of Korea. 
 
Keywords : bioplastic, polyhydroxyalkanoate, PHA, biodegradable plastic, microorganism, optical diffraction 
tomography, 3D imaging, holotomography 
 
Reference 
1. S. Y. Choi, J. Oh, J. Jung, Y. Park, S. Y. Lee, Proc. Natl. Acad. Sci. 118(31) (2021). 
 
  

448



Convergence of Biotechnologies in the 4th Industrial Revolution Era2021 한국생물공학회 추계학술발표대회 및 국제심포지엄
2021 KSBB Fall Meeting and International Symposium

 P0386   Transformation of Chemical Plastic Synthesis into Microbial Bioplastic Synthesis via Systems 
Metabolic Engineering 
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The biorefinery technologies which transform biomass into fuel, chemicals, and materials have received a great 
deal of attention to decrease the reliance on fossil fuels. The representative petroleum-based materials, plastics 
are the important target for the biorefinery. Polyhydroxyalkanoates (PHAs) are natural biodegradable polyesters 
synthesized by numerous microorganisms and have attracted much attention as promising substitutes for 
petroleum-based synthetic plastics. Here, we have developed the Escherichia coli strains producing non-natural 
polymers through systematic genetic engineering based on the PHA biosynthesis. These polymers include lactate 
or glycolate-containing polymers that had been synthesized via chemical polymerization and also the novel 
biopolymers consisting of other 2-hydroxyacids. This study can open a new avenue toward the sustainable 
production of more diverse and useful plastics.  
** This work was supported by the Technology Development Program to Solve Climate Changes on Systems 
Metabolic Engineering for Biorefineries from the Ministry of Science and ICT through the National Research 
Foundation (NRF) of Korea (NRF2012M1A2A2026556 and NRF-2012M1A2A2026557). 
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 P0387   Biosynthesis of the Promising Medical Bioplastic Poly(lactate-co-glycolate-co-4-
hydroxybutyrate) [PLGA-4HB] from Renewable Biomass 
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Poly(lactate-co-glycolate) [PLGA] has been widely used in biomedical and therapeutic applications such as drug 
delivery and tissue engineering. To overcome the brittle properties of PLGA, here we developed the Escherichia 
coli strains producing novel copolymer (PLGA-4HB) consisting of lactate (LA), glycolate (GA), and 4-
hydroxybutyrate (4HB). The metabolic pathways for LA, GA, and 4HB were constructed by replacing the 
chromosomal promoter of native ldhA, introducing xylBC (C. crescentus), and introducing sucD, 4hbD (C. 
kluyveri), respectively. Then, these monomers were polymerized into PLGA-4HB by evolved pct (C. 
propionicum) and evolved phaC1 (Pseudomonas sp. MBEL 6-19). Through modulating the expression levels of 
the heterologous genes, the engineered E. coli successfully produced PLGA-4HB (up to 65.76 wt% of DCW) with 
various monomer compositions from glucose and xylose.  
** This work was supported by the Technology Development Program to Solve Climate Changes on Systems 
Metabolic Engineering for Biorefineries from the Ministry of Science and ICT through the National Research 
Foundation (NRF) of Korea (NRF2012M1A2A2026556 and NRF-2012M1A2A2026557). 
 
Keywords : bioplastic, PLGA, 4-hydroxybutyrate, polyhydroxyalkanoate, PHA, microorganism, metabolic 
engineering, Escherichia coli 
 
Reference 
1. S. Y. Choi, T. U. Chae, J. Shin, J. A. Im, S. Y. Lee, Biotechnol. Bioeng. 117(7), 2187-2197 (2020). 
 
  

450



Convergence of Biotechnologies in the 4th Industrial Revolution Era2021 한국생물공학회 추계학술발표대회 및 국제심포지엄
2021 KSBB Fall Meeting and International Symposium

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

  

나노바이오공학 (Nano-Bioengineering) 

451



Convergence of Biotechnologies in the 4th Industrial Revolution Era2021 한국생물공학회 추계학술발표대회 및 국제심포지엄
2021 KSBB Fall Meeting and International Symposium
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Adenosine triphosphate (ATP) serves as an important energy source in various biological processes, and is used 
as a biomarker for disease diagnosis and contamination testing. Therefore, the accurate determination of ATP is 
essential in biochemical study, clinical and food applications. Herein we developed simple and reliable ATP assay 
with light-up aptamer that generates by ATP-dependent transcription. Depending on the concentration of ATP, 
the light-up aptamer can amplified from the DNA template encoding broccoli aptamer sequence through ATP-
deficient transcription system. The generated broccoli aptamer associates with DFHBI-1T to produce significantly 
enhanced fluorescence signals, which can sensitively detect ATP within a dynamic range from 500 nM to 8 µM 
in a label-free way. The assay method shows a detection limit of 66.2 nM and also has an excellent selectivity for 
ATP analogue molecules. The proposed assay method was demonstrated to be an efficient assay platform for ATP 
detection qualitatively and quantitatively. 
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One of the widely used enzymes, horseradish peroxidase (HRP), has serious weaknesses such as easy denaturation 
and digestion, high price, and difficulty in reutilization [1]. To solve these problems, we have developed histidine-
coated magnetic nanoparticles (His@MNPs) with relatively uniform and small sizes (less than 10 nm) through 
one-pot heat treatment. In comparison to pristine MNPs and other amino acid coated MNPs, His@MNPs exhibited 
a considerably enhanced peroxidase-imitating activity, approaching 10-fold higher in catalytic reactions. With the 
high activity, His@MNPs then were exploited to detect an important neurotransmitter acetylcholine. By coupling 
choline oxidase and acetylcholine esterase with His@MNPs as peroxidase mimics, target choline and 
acetylcholine were successfully detected via fluorescent mode with high specificity and sensitivity with the limit 
of detection down to 200 and 100 nM, respectively [2]. Therefore, this newly developed nanozymes with good 
stability and enhanced peroxidase-mimicking activity can be utilized for biological sensing in diverse fields. 
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Exosomes, a type of extracellular vesicles (EVs), contain protein complexes, DNA and RNA, so exosomes can 
be used as crucial factors in liquid biopsies. The roles of exosomes in cell-to-cell signaling and specific targeting 
are being actively studied worldwide. For using exosomes, however, the current exosome-isolation technologies 
have some limitations such as low purity, high cost, time- and labor-intensive. In this research, we suggest chitosan 
coated magnetic nanoparticles (CMNPs) to capture exosome efficiently. Because CMNPs are positively charged, 
they attract the negatively charged exosomes by electrostatic reaction. The exosomes/CMNPs clusters were 
separated from cell culture and exosomes were isolated by adding elution buffer solution. Then, the CMNPs were 
collected and reused. The CMNPs were characterized by DLS, FTIR, ELS, and TEM and the capture-efficiency 
was determined NTA and western blotting. Compared with the traditional method and commercial kit, we 
confirmed that our method is superior in purity, yield, cost, and economical efficiency. With this technique, 
exosomes can be simply captured and used for clinical research. 
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Vaccination is widely regarded as the only exit strategy for emerging, re-emerging viral diseases currently 
spreading around the world. Vaccines are important as the only way to defend our bodies from viral diseases. 
Accordingly, it is necessary to study a delivery system that can increase the efficiency of a vaccine to prevent a 
threatening emerging, re-emerging viral diseases. In this study, we produced Activatable polymersome, a vaccine 
formulation for oral administration that has its own driving force according to the in vivo environment using 
nanostructures. We confirmed the synthesis and effectiveness of Activatable polymersome using DLS, TEM and 
CLSM. In addition, the stability of this polymersome was evaluated over several months. These polymersome 
have a driving force by generating hydrogen gas in the intestinal environment, as well as releasing an inherent 
vaccine. Therefore, this system is a vaccine formulation for oral administration and can lead to an efficient immune 
response by resolving a feeling of resistance to pain and maximizing the activation of mucosal immunity. 
Therefore, our study can be developed as an efficient vaccine delivery platform using in vivo environment. 
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In this study, using the FAD-dependent glucose dehydrogenase (FAD-GDH) as a model enzyme, it is aimed to 
control the enzymatic orientation of the enzyme via site-specific fusion of gold binding peptide in enzyme. Most 
importantly, positioning of synthetized fusion protein would be regulated at nano-level, using nano-patterned 
electrode fabricated through e-beam lithography technique. For this, 1) the synthetic glucose dehydrogenase 
(GDH), consisting of the site-specific expression of a gold binding peptide (GBP) on the α-subunit of GDH which 
enables close proximity between enzymatic active and electrode surface as well as DET of enzyme-electrode 
interface will be used; 2) the number of GBP repeats fused to FAD-GDH would be optimized in terms of 
enzymatic catalytic activity and binding affinity; 3) The nano-patterned electrode would be fabricated via e-beam 
lithography for its unit pattern to have diameter similar to that of target enzyme; 3) the fusion protein will be 
immobilized on the nano-patterned electrode surface and the binding morphology of enzymatic nanopatterns 
would be investigated. 
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We present a hydrogel microcapsule with an intermediate thin oil layer to achieve programmable release of a 
broad range of cargoes triggered via diverse stimuli. 
A drop based microfluidic technique is utilized to generate triple emulsion droplets with a thin oil layer that 
separates the innermost aqueous phase from the hydrogel prepolymer phase, which solidified into a hydrogel shell 
via photopolymerization. 
The thin oil layer within the hydrogel microcapsule acts as an effective diffusion barrier, allowing encapsulation 
of diverse small cargoes within a porous hydrogel shell until a stimulus is applied to destabilize the oil layer. 
We demonstrate that diverse stimuli including osmotic stress, chemical dissolution, mechanical stress and can be 
used to release the encapsulated cargo on-demand. 
In addition, osmotic stress and the thickness of hydrogel shell can be independently controlled to tune the onset 
time of release as well as the release behavior of multiple cargo encapsulated hydrogel microcapsule; the release 
can be either simultaneous or selective. 
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In this study, an electrochemical biosensor composed of a horseradish peroxidase (HRP)-encapsulated protein 
nanoparticles (HEPNP) was fabricated for the sensitive and selective detection of H2O2. The HEPNP has a three-
dimensional structure that can contain a large amount of HRP; therefore, HEPNP can amplify the electrochemical 
signals necessary for the detection of H2O2. Furthermore, reduced graphene oxide (rGO) was used to increase the 
efficiency of electron transfer from the HEPNP to an electrode, which could enhance the electrochemical signal. 
This biosensor showed a sensitive electrochemical performance for detection of H2O2 with signals in the range 
from 0.01-100 μM, and it could detect low concentrations up to 0.01 μM. Furthermore, this biosensor was operated 
against interferences from glucose, ascorbic acid, and uric acid. In addition, this fabricated H2O2 biosensor showed 
selective detection performance in human blood serum. Therefore, the proposed biosensor could promote the 
sensitive and selective detection of H2O2 in clinical applications. 
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Enzyme-based electrochemical biosensors have been used because of their sensitivity, rapidity, and highly target-
specific reaction. However, because the enzymes have low conductivity and hinder the electron transfer on the 
surface of the electrode, it can decrease the sensitivity of electrochemical biosensors where many enzymes need 
to be immobilized. To overcome this problem, our group synthesizes gold nanocluster embedded dual-enzyme 
nanoparticles (AuNC-DENPs) composed of glucose oxidase gold nanocluster (GOx-AuNCs), and horseradish 
peroxide stabilized gold nanocluster (HRP-AuNCs). As the effect of AuNCs, these nanoparticles have a good 
conductivity compared to bare protein. In addition, the synthesized AuNC-DENPs enable the combination of a 
two-enzyme cascade reaction steps, in which the GOx-AuNCs component of the nanoparticle oxidazes glucose 
to generate H2O2, which then reacts with the adjacent HRP-AuNCs component on nanoparticle. Given the close 
proximity of the two enzyme components in a single nanoparticle, the AuNC-DENPs greatly reduces the diffusion 
and decomposition of H2O2 from cascade reaction and shows good catalytic reaction. In this study, AuNC-DENPs 
based glucose electrochemcial sensor exhibits high sensitivity which can detect very low concentration of glucose 
range from 5 to 320 nM. Also, by analyzing non-target materials and serums together with glucose, it can be 
confirmed that the sensor has a good selectivity about glucose. 
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Severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) is a highly transmissible and pathogenic 
coronavirus that emerged in late 2019 and is closely related to severe acute respiratory syndrome coronavirus 
(SARS-CoV) which occurred in 2003. SARS-CoV-2 has spike (S) glycoproteins exposed on the surface of viruses 
similar to those on SARS-CoV that bind to human angiotensin-converting enzyme 2 (ACE2), which plays a key 
role in the cell entry phase. In this study, we designed ACE2-derived peptides mimicking the binding site of ACE2 
with S glycoprotein with affinity tags and linkers. The ACE2-derived peptides were produced in E. coli and 
purified, and their inhibitory effects and binding affinities were evaluated by performing neutralization assay and 
ELISA. These ACE2-derived peptides have potential for application as inhibitors and the biological element of 
biosensors targeting SARS-CoV-2. 
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Stimuli-responsive nanomaterials have been extensively utilized to control the release kinetics of drugs while 
minimizing unwanted drug leakage from nanocarriers in drug delivery system[1]. Among them, N-isopropy-
lacrylamide (NIPAM) is well known as a thermo-responsive polymer. Gold nanoparticles (GNPs) are well known 
as light-responsive materials possessing excellent optical properties and biocompatibility, and exhibit a 
photothermal conversion effect under the resonant light conditions[2]. The optical absorption region of the small 
GNP can be tuned to a near infrared (NIR) region through its overgrowth[3]. Here, we present a simple method 
to synthesize NIR-active gold hybrid nanogels (GHNs) by applying controllable overgrowth of the GNPs in the 
pNIPAM hydrogel. To induced the overgrowth of GNP inside the polymer, we simply added hydroxylamine (HA) 
and polyvinylpyrrolidone (PVP) dropwise. Then, we systematically characterized physicochemical properties of 
the overgrown GHNs for further application to light-responsive drug delivery system. We believe that the 
proposed overgrown GHN will be a beneficial nanocarrier for enhancing drug delivery efficiency in vivo. 
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Reactive oxygen species (ROS) produced as a by-product of mitochondrial respiration is defined as a molecule 
with strong oxidizing power and high reactivity [1]. Generated-ROS is directly involved in the physiological 
regulation of cellular signaling pathways and oxidative stress [2]. Thus, it is important to sensitively detect cellular 
ROS level of because ROS levels in cells plays an important role in determining the lifespan of cells. Herein, we 
present an ultrasensitive optical detection method of ROS, which is enhanced by tunable optical properties of 
plasmonic-graphene hybrid interface. ROS levels are monitored via plasmon resonance energy transfer (PRET) 
of the interaction between single plasmonic nanoprobes with redox-active cytochrome c. Surprisingly, the PRET 
signal is enhanced by transferring graphene layers onto the silver nanoparticle. Based on the PRET signals, the 
plasmonic-graphene hybrid interface exhibits a femtomolar level sensitivity for hydrogen peroxide and in-situ 
monitoring of ROS generated from the cells. We expect that the proposed ROS detection method using a 
plasmonic-graphene hybrid interface will be useful for investigating ROS level-dependent cellular abnormalities. 
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Several studies have conducted on neutralizing antibodies (NAbs) against influenza A viruses causing loss of life 
and economic damage. However, these virustatic antibodies lacking virucidal activity showed limited antiviral 
potency. Here, we develop a nanodisc providing the immunoglobulins with virucidal efficacy by rupturing the 
viral envelope, resulting in enhancing the antiviral effects. Mechanistically, the nanodiscs carrying Fc-binding 
peptides bind to NAbs targeting stem region of hemagglutinin are co-endocytosed into host cells. The nanodisc-
based nanotransformer (NT) perforate the viral membranes at low pH in the endosome. Administration of the NT, 
especially with pegylated nanotransformer, reduce morbidity and mortality compared with the NAbs in mouse 
models. Our results suggest a new class adjuvant of applicable to other neutralizing antibodies and convalescent 
plasma therapy that confer virucidal potency by antibody-dependent perforation. In conclusion, the membrane 
nanostructure gives another prospective for concepts of antibody conjugated molecules. 
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Lipid-bilayer nanodiscs (NDs) wrapped in membrane scaffold proteins (MSPs) have primarily been used to study 
membrane proteins of interest in a physiological environment. Recently, NDs have been employed in broader 
applications including drug delivery, cancer immunotherapy, bio-imaging, and therapeutic virucides. Here, we 
developed a method to synthesize a dimeric nanodisc, whose MSPs are circularly end-spliced, with long-term 
thermal stability and resistance to aggregation. The end-spliced nanodiscs (esNDs) were assembled using MSPs 
that were self-circularized inside the cytoplasm ofEscherichia colivia highly efficient protein trans-splicing. The 
esNDs demonstrated a consistent size and 4-5-fold higher stability against heat and aggregation than conventional 
NDs. Moreover, cysteine residues on trans-spliced circularized MSPs allowed us to modulate the formation of 
either monomeric nanodiscs (essNDs) or dimeric nanodiscs (esdNDs) by controlling the oxidation/reduction 
conditions and lipid-to-protein ratios. When the esdNDs were used to prepare an antiviral nanoperforator that 
induced the disruption of the viral membrane upon contact, antiviral activity was dramatically increased, 
suggesting that the dimerization of nanodiscs led to cooperativity between linked nanodiscs. We expect that 
controllable structures, long-term stability, and aggregation resistance of esNDs will aid the development of novel 
versatile membrane-mimetic nanomaterials with flexible designs and improved therapeutic efficacy. 
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Silica nanoparticles have received increasing attention as an ideal candidate for biomedical application due to 
their excellent biocompatibility, chemical stability, easy surface modification, and high loading capacity. Nano-
particles with hierarchical surfaces have tremendous advantages compared to flat surfaces as a carrier in 
biomedical applications, including large surface area, prolonged blood circulation time, and high binding 
efficiency to cancer cells, compared to flat nanoparticles. To date, chemical synthesis method has been used to 
make hierarchical silica nanoparticles, but this method has some limitations, such as the use of harsh conditions, 
the difficulty of removing a surfactant, and the complicated process. In this study, we have developed silica 
nanoparticles with the hierarchical surface through a combination of two bioinspired approaches, controlled silica 
mineralization of diatom and hierarchical structure of human papillomavirus (HPV) 16. A novel fusion protein, 
HPV 16 L1-R5, was prepared by genetically inserted HPV 16 capsid protein L1 with silica-forming R5 peptide 
from a diatom Cylindrotheca fusiformis. HPV16 L1-R5 proteins self-assembled into virus-like particles (VLPs) 
identical with native HPV 16. Hierarchical HPV16 L1-R5 VLP@SiNPs were developed with a size of ca. 60-80 
nm under an optimized condition of diatom-inspired silicification. HPV16 L1-R5 VLP@SiNPs encapsulated 
therapeutic compound and exhibited high cellular uptake efficiency compared to flat mesoporous SiNPs. We 
expect that our silica nanoparticle with a hierarchical surface could be used as an effective carrier for biomedical 
application. 
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Enzymes have various advantages compared to chemical catalysts, including their high selectivity to a substrate 
and less production of byproducts. However, it remains a challenge to use enzymes in practical applications due 
to their low stability under harsh conditions. In this study, we developed biocatalytic silica nanoparticles templated 
from R5 peptide- and enzyme-functionalized micelle using two-phase biosilicification. Carbonic anhydrase (CA) 
was used as a target enzyme, which catalyzes a hydration reaction of carbon dioxide. Each CA and silica forming 
peptide R5 was covalently conjugated with NHS-ester functionalized hydrophilic ends of triblock copolymer F127 
(F127-CA and F127-R5). CA- and R5 peptide-functionalized micelles (F127-CA/R5 micelle) were prepared by 
controlling a molar ratio of F127-CA and F127-R5. Biocatalytic silica nanoparticles (F127-CA/R5 
micelle@SiNP) were synthesized from F127-CA/R5 micelles using the two-phase biosilicification method. F127-
CA/R5 micelle@SiNP showed a porous structure with a thin silica layer. Furthermore, it showed enhanced 
thermal and storage stability compared to the free enzymes without a reduction in activity. We expected that this 
proposed method would present a direction for the use of enzymes as biocatalysts in practical applications. 
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MicroRNAs (miRNAs) are single-stranded molecules that play an important role in regulating gene expression in 
biological processes. The change in their expression is associated with various diseases, making them promising 
as a diagnostic biomarker. However, miRNAs are challenging to detect without amplification due to their short 
length and low abundance in biological fluids. Therefore, we developed an isothermal rolling circle amplification 
method to detect cancer-associated miRNAs, here miR-21. The dumbbell template was prepared by treating an 
annealed linear template with T4 DNA ligase and exonuclease I/III. Once the target recognized their toehold 
sequences, the dumbbell structure was changed through the strand displacement process, leading to the formation 
of circular template DNA. Isothermal amplification selectively occurred by a phi29 DNA polymerase, and the 
resulting amplicon was detected in real-time using an SYBR green dye. Our detection system showed a pico-
molar level of sensitivity at 30 minutes under optimized conditions, and its sensitivity can be further enhanced by 
generating short DNA strands continuously using a nicking enzyme. Thus, our platform presents a promising 
molecular diagnostic system for rapid and sensitive detection of specific miRNA. 
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Hypothalamus is widely accepted as the central system of whole-body homeostasis. In the energy homeostasis 
system, POMC neurons and AgRP neurons have the opposing mechanism, POMC neurons suppress the feeding 
while the AgRP neuron enhances the feeding. However recent study representative the dopaminergic neuron 
reacts to ghrelin and increases food intake, it demonstrated that the dopaminergic neuron is also highly involved 
in energy metabolism regulation. But, it has not yet been characterized electrophysiological intrinsic properties of 
these neurons. In this study, we focused on these three different types of neurons and characterized their 
electrophysiological intrinsic properties and Reactivity to leptin and ghrelin by whole-cell patch-clamp. These 
neurons showed significantly different electrophysiological capacities in intrinsic property assay. The burst firing 
pattern was observed in AgRP and DAT neurons but not in POMC neurons. AgRP and POMC were reacted at 
ghrelin and leptin but DAT neurons did not respond to leptin. 
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Penetrating electronics have been used for treating epilepsy, yet their therapeutic effects are debated largely due 
to the lack of a large-scale, real-time, and safe recording/stimulation. Here, the proposed technology integrates 
ultrathin epidural electronics into an electrocorticography array, therein simultaneously sampling brain signals in 
a large area for diagnostic purposes and delivering electrical pulses for treatment. The system is empirically tested 
to record the ictal-like activities of the thalamocortical network in vitro and in vivo using th epidural electronics. 
Also, it is newly demonstrated that the electronics selectively diminish epileptiform activities, but not normal 
signal transduction, in live animals. It is proposed that this technology heralds a new generation of diagnostic and 
therapeutic brain-machine interfaces. Such an electronic system can be applicable for several brain diseases such 
as tinnitus, Parkinson's disease, Huntington's disease, depression, and schizophrenia. 
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In this work, we devised a electrospun nanofibrous fluorescent sensor, capable of determining the temperature, 
which exhibits the potential for application in environment, bioprocess, and food industries. Ruthenium 
complex(ru(phen)3) was embedded in polyacrylonitrile(PAN) matrix and the amount of dye was changed by 
varying the spinning time. As polymeric support materials, ethyl cellulose(EC), polyurethane(D4), and hydro-
thane(HT) were overcoated on the fiber matrix respectively to stabilize and strengthen the membrane. The sensor 
exhibited good sensitivities due to the high surface area of the nanofibrous membrane structures. 
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The sensitive and accurate detection method which could recognize infectious diseases (e.g. influenza and 
Coronavirus) have attracted much attention due to their wide-spread pandemics. In this study, we developed a 
peptide-based electrochemical sensor that can detect influenza A H5N1 virus (H5N1) antigen, hemagglutinin 
(HA). High affinity peptide-displayed phage (GHPHYNNPSLQL) which had a specific binding ability to H5N1 
HA was successfully identified by phage display and evaluated using enzyme-linked immunosorbent assays 
(ELISAs). Based on molecular structure studies, newly six peptides (IFA BP1 ~ IFA BP6) were designed and 
chemically synthesized to develop an electrochemical peptide sensor. The binding interactions of each peptide for 
H5N1 HA were characterized by atomic force microscopy (AFM), scanning electron microscopy (SEM), square 
wave voltammetry (SWV), isothermal titration calorimetry (ITC), and surface plasmon resonance spectroscopy 
(SPR). From these observations, we selected the IFA BP1 peptide as a potential molecular receptor and validated 
that the binding constant (Kd) and the limit of detection (LOD) were found to be 146.6 ± 42.7 nM and 3.26 nM, 
respectively. Furthermore, our developed electrochemical biosensor could detect HA protein spiked in human 
plasma compared to those determined using a commercial ELISA. Thus, the results suggested that developed 
sensor system could be applied for simple and rapid detection of influenza A H5N1 virus antigen. 
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Caspase-3 is the most frequently activated cysteine-dependent protease, which plays an important role in both 
intrinsic and extrinsic apoptosis pathways. It is considered as a reliable molecular biomarker for apoptosis. 
 In this study, we aimed to identify and develop highly sensitive and selective phage-based electrochemical 
biosensor for detection of caspse-3. For screening of affinity peptide-displayed phage, we used biopanning of 
polyvalent phage-display library against caspase-3, identified potential affinity peptide-displayed phage clones 
and their binding affinities were measured by ELISA. After the characterization of their binding affinities, whole 
phage particles were covalently attached to a gold surface using coupling chemistry (MUA-EDC/NHS). The 
performance of the phage-based sensor was evaluated by cyclic voltammetry (CV) and square wave voltammetry 
(SWV). Further detailed results (selection, characterization of binding affinity) will be presented in this talk. 
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MicroRNAs (miRNAs) are short noncoding RNAs (about 18-24 bases) that play important roles of cell 
proliferation, differentiation and apoptosis. The miRNA expression level is closely associated with the occurrence 
and development of disease, especially cancer. Therefore, it is important biomarkers for quantifying trace miRNA 
in the disease diagnosis and prognosis. Here, we introduce nuclease protection transcription assay, which can 
perform simple and sensitivie miRNA detection by combining techniques of nuclease protection assay and 
transcription-assisted light up aptamer amplification. In the presence of target miRNA, the capture sequence of 
detection probe hybridizes with target miRNA to protect it from nuclease protection, and the protected detection 
probes could be easily separated by magnetic beads. Then the separated detection probes used as template for 
light-up aptamer amplification through in vitro transcription method. A large number of light-up aptamer 
transcripts can be produced to achieve significant fluorescence enhancement for miRNA quantitative analysis. 
The fluorescence intensity had a linear correlation with logarithm of miRNA concentration in the range of 0 - 5 
nM, the detection limit was 7pM ( 280 amol). Furthermore, we have demonstrated that the proposed assay is 
practical and reliable for quantitative detection of target miRNA in complex biological samples. Thus, we 
anticipate that this method has potential to become a promising miRNA quantification method in biomedical 
research and clinical diagnosis. 
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We herein describe a novel method to identify protein/small molecule interactions by utilizing the CRISPR/ 
Cas12a collateral cleavage activity to realize the full potential of the CRISPR/Cas system and expand its 
applicability up to the detection of molecular interactions. This technique employs a single-stranded activator 
DNA modified with a specific small molecule, which would switch on the CRISPR/Cas12a collateral cleavage 
activity upon binding to crRNA within the CRISPR/Cas12a system. When the target protein binds to the small 
molecule on the activator DNA, the bound protein sterically hinders the access of the activator DNA to crRNA, 
thereby promoting less collateral cleavage activity of CRISPR/Cas12a. As a consequence, fewer reporter probes 
nearby are cleaved to produce accordingly reduced fluorescence signals in response to target protein. Based on 
this unique design principle, the two model protein/small molecule interactions (streptavidin/biotin and anti-
digoxigenin/digoxigenin) were successfully determined down to 0.03 nM and 0.09 nM, respectively, with a fast 
and simple detection workflow (11 min). The practical applicability of this method was also verified by reliably 
detecting target streptavidin spiked in heterogeneous human serum. This work would provide great insight to 
construct novel strategies to identify protein/small molecule interaction by taking full advantage of the 
CRISPR/Cas12a system beyond its outstanding capabilities in genome editing and molecular diagnostics. 
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We developed a new washing-free and label-free detection method for creatine kinase (CK) activity based on 
personal glucose meter (PGM). In this strategy, we introduced a cascade enzymatic reaction (CER) induced by 
the activities of CK and hexokinase (HK). In principle, in the presence of target CK, CK catalyzes the 
phosphorylation of adenosine 5’-diphosphate (ADP) into adenosine 5’-triphosphate (ATP) by using creatine 
phosphate as a phosphate donor. Then, produced ATP can serve as a phosphate source for the HK-mediated 
reaction that promotes the phosphorylation of glucose into glucose-6-phosphate. Furthermore, ADP produced by 
the HK reaction can induce another cycle of the enzymatic reaction, constituting a CER which contributes to a 
significant reduction of glucose level in the reaction solution that can be simply measured by PGM. By using this 
method, we successfully measured the CK activity with the detection limit of 0.00147 U/mL with high specificity 
against other types of enzymes such as phosphorylase, other kinases, and phosphatases. Furthermore, we reliably 
determined CK activity included in human blood, demonstrating the practical applicability of the strategy. 
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H2O2 Monitoring 
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High-concentration reactive oxygen species (ROS) such as superoxide, hydrogen peroxide, and hydroxyl radical 
can damage various biomolecules in the body or in vivo. In this study, the sensor platform for the detection and 
monitoring of trace H2O2 is demonstrated by cytochrome c conjugated graphene field-effect transistor, which was 
consisted of a micropatterned graphene channel, linker compound, and cytochrome c. Cytochrome c was used to 
specifically detect H2O2, the sensor platform showed high-performance of the detection ability of 100 fM and 
showed detection time under 10 s. Therefore, the sensor platform can be utilized for application in future trace 
free radical monitoring and the development of other biosensor platforms. 
 
Keywords : cytochrome c, hydrogen peroxide, graphene field-effect transistor, chemical sensor 
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 P0426   Development of Isothermal Amplification-based Lateral Flow Biosensors for High-sensitive in 
vitro Diagnosis (IVD) of Gastric Cancer-associated MicroRNAs 
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Since microRNA (abbreviated miRNA) biomarkers play an important role in tracing and diagnosing various 
tumors in the body’s gene translation, research and development to detect miRNAs simply and sensitivity is 
required. The biomarker of gastric cancer, miRNA-135b, is high expressed when gastritis progresses to gastric 
cancer. In this study, we used a lateral flow assay to confirm the overexpression pattern of miRNA-135b, gastric 
cancer associated biomarker. The current study aims to establish a system that can easily diagnose gastric cancer 
with the naked eye by grafting the product amplified by the rolling circle amplification (RCA) method with lateral 
flow biosensor. It could be successfully detected miRNA-135b, a gastric cancer-related biomarker, as well as 
miRNA-21, an oncogene, with a limit of detection (LOD) of 50 amol, respectively. In the future, this developed 
technology can be selected as a tool to detect multiple biomarkers related to various diseases (cancer, infectious 
disease, etc.), not limited to biomarkers of gastric cancer. 
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 P0427   Highly Sensitive Stress Biomarker Detecting Polypyrrole Nanotube Coupled with Field-effect 
Transistor 
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Hormones and neurotransmitters, which are called as stress biomarkers, can imply one’s physical and mental state 
along with the quality of life and health care. Here, we present an ultrasensitive field-effect transistor (FET) 
platform for fast cortisol detection based on conducting polymer (CP) nanotube (NT). Our FET showed a detection 
limit of 2.7 × 10-10 M (100 pg/mL), with a dynamic range of 2.7 × 10-10 to 10-7 M within 5 s. Thus, our approach 
can serve as an option for rapid detection and also be used for the diagnosis of underlying stress-related disorders. 
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 P0428   Polydiacetylene-based Bead Gels as Colorimetric Sensor for Biogenic Amines Detection in 
Spoiled Food 
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Biogenic amines (BAs), such as cadaverine, propylamine and putrescine, are released from every food, but they 
are especially released in spoilage foods. Small amounts of BAs have no effect on the human body, however large 
amounts can cause some problems. We have developed a colorimetric sensor that can easily determine the extent 
of spoilage food during distribution and storage. Polydiacetylene (PDA) has a unique color (blue) through a 
photopolymerization reaction and has a unique optical property of changing from blue to red when an external 
stimulus is applied. And, alginate is a natural polymer derived from brown algae, which has the properties of 
hardening when an alginate solution is added to calcium chloride solution, and is widely used as an additive such 
as pharmaceuticals and foodstuffs. Based on these characteristics, PDA-based bead gels were fabricated by simply 
mixing PDA-embedded liposome and alginate solution. And this is a colorimetric sensor, and the color changes 
from blue to red in the presence of BAs, so it can be easily checked with the naked eye. 
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Microplastics are small plastic particles less than 5 mm, and their environmental problems are caused by their 
increased accumulations throughout the food chains. However, there have been a number of hardships to qualify 
and quantify the amount of microplastics. In this study, we fabricate microfluidic mixer device using polydi-
methylsiloxane (PDMS) by SU-8 photolithography or by laser ablation method for efficient fluorescent labeling 
of individual microplastics inside of serpentine microfluidic channel. It shows that mixing channel is an efficient 
platform to fluorescently label the microplastics with a short time scale additionally with recirculation of 
fluorescent labeling mixture. 
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Microplastics has a negative impact on marine ecosystems and humans. In this study, we developed microfluidic 
devices as microplastics trap modules using polydimethylsiloxane (PDMS) using photolithography or laser 
ablation. For a generation of turbulent flow to separate microplastics, several grooves were pattered inside the 
microfluidic channel. It proves that grooved channel is an efficient platform to trap the microplastics by 
recirculation. Finally, the microfluid trap module could be connected with PDMS mixer module to selectively 
stain the trapped microplastics my fluorescent dye. 
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Nucleic acid biomarkers such as microRNAs (miRNA) involved in various biological processes can be used for 
early diagnosis and prognosis of various cancers. Quantitative reverse transcription PCR is the gold standard 
method to detect nucleic acid biomarkers in clinical settings, but it requires expensive equipment and complicated 
primer designs, thus hindering its use in the field. Herein, we developed a simple, cost-effective strategy for the 
multiplex detection of nucleic acid biomarkers using light-up RNA aptamers as the key detection component. In 
principle, the presence of target nucleic acids produces a large amount of light-up RNA aptamers such as Spinach 
and Mango aptamers through strand displacement amplification in combination with transcription amplification. 
Consequently, light-up RNA aptamers bind to their corresponding fluorogens and emit highly enhanced 
fluorescence signals at different wavelengths, which enables the multiplex detection of target nucleic acids. With 
the proposed strategy, target miRNAs such as miR21 and miR141 were simultaneously determined with limits of 
detection of 0.955 fM and 0.195 fM, respectively. This assay was successfully applied for the quantification of 
miRNAs in different cell lines, demonstrating its practical utility in clinical diagnosis and prognosis. 
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Half-life extension with functional moiety is a fascinated approach to elevate the drug efficacy. Despite dramatic 
advances in scientific research on protein nanocages, there remains the main hurdle for their clinical investigation; 
potency for recycling protein peptide and absorption, distribution, metabolism, and excretion (ADME). Here, we 
suggest the Fc receptor (FcRn) binding domain (FBD) fused-protein nanocages (FFPNs), which overcame the 
limitation of protein based materials half-life. In this study, a series of designed protein nanocages with expanded 
pharmacokinetic properties are developed, which named for FFPNs, by genetically conjugating FBD to the surface 
of protein nanocages. From the investigation of in vitro analysis, surface plasmon resonance (SPR) and Caco-2 
cell transcytosis assay, we detected the selective binding ability and transcytosis capacity between FFPNs and 
FcRn in a pH-dependent manner. Therefore, with enhanced binding kinetics and pH dependent binding abilities 
to FcRn, We expect that FFPNs shows the hyper extension of protein nanocages half-life which could be widely 
used for applications in biomedical fields. 
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Silica nanoparticles (NPs) can be fabricated by silica-forming peptides (SFPs). In our previous reports, SFP was 
fused to N-terminus of ferritin (Fn) and SFP-displayed Fn cage was used as a template for the fabirication of bio-
silica NPs. Production of size- and shape-tunable silica NPs based on chimeric Fn has some limitations. Here, 
heavy chain of human Fn was genetically modified to fuse an SFP sequence (KPSHHHHHTGAN and 
KPTHHHHHHDG for Kps and Kpt, respectively) to C-terminus of Fn, resulting in presenting SFP moieties inner 
surface of Fn (termed Fn-cKps and Fn-cKpt). Using of Fn-cSFP templates in silicification, we obtained Fn-
cKps@SiO2 and Fn-cKpt@SiO2 below 50 nm. In addition, we investigated that the loading efficiency of the Fn-
cKpt@SiO2 NPs was remarkably higher than that of Fn-cKpt only (1.7- fold). Dox release from the Dox-
loadedFn-cKpt@SiO2 NPs was prolonged and dependent on the pH conditions. The Fn-cKpt@SiO2 NPs contained 
drug at neutral pH and released a large amount at low pH that may be an ideal property of drug carriers. 
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 P0434   Comprehensive Observation of Size-dependent Effect of Polyethylene Glycol on the Self-
assembly of DNA Nanostructure 
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Self-assembly is an excellent nanoscale design tool, but it is prone to fail by aggregation if the molecular 
interactions are not carefully considered. In the cellular system, the assembly of complex biopolymers is smoothly 
performed through the molecular crowding effect and phase transitions. Polyethylene glycol (PEG), which is most 
biocompatible coexisting polymer, has led the mimicking of a biological sub-system for enhancing interaction 
between target molecules. Studies so far only focused on an aspect of PEG as a crowding or precipitation agent 
that expressed depending on its molecular weight. The comprehensive understanding in the size-depending effect 
of PEG on self-assembly is still lacking. We used wire-frame DNA nanostructures as a self-assembly model to 
investigate the bi-functional effects of PEG that appeared depends on its molecular weight and concentration. Our 
results indicate that offering the optimal Mw and concentration of PEG regarding two aspects as coexisting 
polymer to self-assembly buffer, both increased yield and purity of the target nanostructure can be achieved, 
simultaneously. Our finding would give an opportunity that DNA-based self-assembly can access more precise 
applications. 
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 P0435   Glucose Biosensor Based on Au Film Electrode Modified with Glucose Oxidase Immobilization 
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The modified Au film based capacitive GO/Co/chitosan mediator was developed for a film- type glucose 
biosensor. The Au film electrode was electrically deposited on the GO/Co/chitosan mediator while glucose 
oxidase (Gox) was immobilized on the GO/Co/chitosan surface covalently bonded. Electrochemical factors for 
the developed biosensor were investigated to identify the glucose-sensing mechanism and to measure glucose 
sensor performance. The voltammetric responses were increased following to the concentration of D-glucose with 
the range of 1~15 mM. Though the sensing response of the developed biosensor at 14 days was decreased on the 
half of initial response at first day the biosensor still have the capacity of D-glucose detection. In this study, the 
produced electrons from the film typed electrode were successfully transferred by GO/Co/chitosan mediator and 
results in the excellent detection of D-glucose. 
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 P0436   Fabrication of Human Brain-spinal Cord Assembloid for Electrophysiological Monitoring of 
Neurochemical-based Neural System Crosstalk 
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Combining human brain organoids has great potential for recapitulating the histological features of the human 
brain and for modeling neurological disorders. However, the coupled brain organoid models studied to date focus 
on the internal interactions between different brain regions. In this study, we developed an engineered brain-spinal 
cord assembloid (eBSA) by co-culturing motor neuron spheroids (MNS) and cerebral organoids (CO). To mimic 
the brain-spinal cord connection, we connected CO and the MNS to generate a terminal that transmit signal from 
the brain to the whole body. After the formation of COs in human induced pluripotent stem cells and MNSs in 
human neural stem cells, the MNSs are pre-patterned with specific CO regions using a three-dimensional printed 
molds and linked to form eBSA. Caffeine serves as a neurochemical model to demonstrate neural signal crosstalk 
and activates COs to affect the local release of neural signal. When the MNS of the eBSA contact with the multi-
electrode array, the eBSA showed an increased neuronal spike rate on the motor neuron region than the 
conventional neuronal spike rate by caffeine treatment, so that the nerve impulse signal transmitted from CO to 
the MNS. To demonstrate the nervous system crosstalk of the eBSA system detected in eBSA and CO, we tested 
the excitatory effect of caffeine, but was no effect on the MNSs. In conclusion, we showed that the eBSA system 
can monitor caffeine-mediated excitatory signals as output signals from the brain to the spinal cord. As such, we 
suggests that the eBSA system can be utilized as a screening platform to validate the stimulus effects of 
neurochemicals and their mechanisms on the drug development process for narcolepsy. 
** Acknowledgments: This research was supported by the National Research Foundation of Korea (NRF) grant 
funded by the Korea government (MSIT) (No. 2019R1A2C3002300) and by Ministry of Science and ICT(NRF-
2021M3H4A1A01079399). 
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 P0437   Enlarged Nano-perforator as Efficient, Stable, and Broadly Acting Antiviral Agent 
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1Department of Integrative Biotechnology, Sungkyunkwan University, Suwon, Korea, 2Institute of Biomolecular 
Control, Sungkyunkwan University, Suwon, Korea 
Corresponding Author Email : lilly960119@hanmail.net 
 
Lipid-bilayer nanodiscs encircled by membrane scaffold proteins (MSPs) have been used to study membrane 
proteins of interest in a physiological environment. Here, we suggest novel nanodisc-based approach to deal with 
influenza virus infection. Mechanistically, nanodiscs carrying gangliosides bind to influenza virions and are co-
endocytosed into host cells. At low pH in the endosome, the nanodiscs rupture the viral envelope, trapping viral 
RNAs inside the endolysosome for enzymatic decomposition. To improve stability and antiviral effect, we further 
established large nanodisc with ganglioside receptors whose belt proteins were circularized. Through enlarged 
area of large nanodisc, they exhibited enhanced antiviral potency in vitro. We showed that ease of perforation 
involved in viral inhibition by analyzing membrane fusion and perforation between nanodiscs and viral envelope. 
In addition, PEGylation on cysteine residue of large nanodisc enhanced thermal stability and proteolytic 
resistance. With improvements in antiviral efficacy and stability, we expect in vivo potential of antiviral nanodiscs. 
These results suggest a new class of antiviral that induces irreversible physical damage of enveloped viruses and 
its structural variations to improve in vivo efficacy. In conclusion, the lipid nanostructure provides new dimension 
for antiviral activity of decoy molecules. 
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 P0438   A Novel Antifungal Activity of Vip3Aa Protein against Candida species 
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Vip 3 (Vegetative insecticidal protien 3) toxins, are produced as inactive protoxins that need to be activated by 
midgut proteases to trigger cell death. These insecticidal proteins are widely used in biotech crops to control 
lepidopteran pests. However, little is known about their antifungal activity and mechanism of action. In this study, 
recombinant Vip3Aa protein, protease-activated state as a member of Vip3 family, expressed in Escherichia coli. 
After purification, antifungal acitivy of rVip3Aa protein was tested against Candida species. As a result, this 
protein significantly inhibited the cell growth at concentrations ranging from 125 to 250 μg/mL, via damaging the 
membrane envelope. It may play a critical role as antifungal protein in the plant defense system against fungal 
pathogen attacks. 
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 P0439   Candidacidal Activity of PS1-3 Peptide against Drug-resistant C. albicans 
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Recently, the ongoing emergence of antibiotic-resistant fungal strains has prompted the search for novel antifungal 
molecules. In particular, the majority of C. albicans infections are related with biofilm formation such as medical 
devices, catheter, stent, contact lens etc, which convey high morbidity and mortality. Present study investigated 
antifungal activity and mechanism with PS1 analogue peptides that were designed by the repeated sequences of 
“XWZX” (X: lysine or arginine, Z: leucine, tyrosine, valine, or glycine). We assessed the candidacidal activity of 
PS1-1, PS1-3, and Fluconazole against drug-resistant Candida albicans cells. PS1-3 peptide showed the better 
killing activity than PS1-1 and Fluconazole via membranolytic mechanism. In addition, PS1-3 peptide exhibited 
more potent activity in fungal biofilm inhibition and reduction at MFC (minimum fungicidal concentration) than 
others. Therefore, we suggest that PS1-3 peptide may have potential as an antifungal agent (NRF-
2021R1I1A1A01059762). 
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 P0440   Pomegranate Pericarp Extract Functionalized Zinc Oxide Nanocomposite for Antioxidant and 
Antibacterial Properties 
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Coronavirus diease-19 (COVID-19) pandemic, cuasued by the novel SARS-CoV-2 virus continue tobe a global 
threat. The number of cases and deaths will remain escalating due to the lack of effective therapeutic 
agents. Several studies have established the importance of the viral main protease (Mpro) in the replication of 
SARS-CoV-2 which makes it an attractive target for antiviral drug development, including pharmaceutical 
repurposing and other medicinal chemistry approaches. Identification of natural products with considerable 
inhibitory potential against SARS-CoV-2 could be beneficial as a rapid and potent alternative with drug-likeness 
by comparison to de novo antiviral drug discovery approaches. Thereof, we carried out the structure-based 
screening of natural products from Echinacea-angustifolia, commonly used to prevent cold and other microbial 
respiratory infections, targeting SARS-CoV-2 Mpro. Four natural products namely, Echinacoside, Quercetagetin 
7-Glucoside, Levan N, Inulin from chicory, 1,3-Dicaffeoylquinic Acid, revealed significant docking energy (>10 
kcal/mol) in the SARS-CoV-2 Mpro catalytic pocket via substantial intermolecular contacts formation against co-
crystallized ligand (< 4 kcal/mol). Furthermore, the docked poses of SARS-CoV-2 Mpro with selected natural 
products showed conformational stability through molecular dynamics. Exploring the end-point net binding 
energy exhibited substantial contribution of Coulomb and van der Waals interactions to the stability of respective 
docked conformations. These results advocated the natural products from Echinacea angustifolia for further 
experimental studies with an elevated probability to discover the potent SARS-CoV-2 Mpro antagonist with higher 
affinity and drug-likeness. 
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 P0441   Simple Colorimetric Detection System of MicroRNA Using DNA-conjugated Gold Nanoparticles 
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MicroRNA (miRNA) has been an important biomarker for judging cancer prognosis, early detection of diseases, 
and liquid biopsy. The amount of specific miRNAs has been quantified using real-time quantitative polymerase 
chain reaction or microarray techniques because of limitations such as their short length and low abundance in 
cells or tissues. However, since these technologies require expensive equipment such as a thermocycler and take 
more than 1.5 hours to measure and analyze samples, there is an urgent need to develop a fast and straightforward 
detection method of miRNA expression. Therefore, we developed a system to detect the amplified miRNA using 
rolling circle amplification for 30 minutes by observing the color change induced by the aggregation of DNA-
conjugated gold nanoparticles (GNP-DNA). GNP-DNA with varying DNA concentrations were synthesized using 
a freezing-thaw method, and their concentration and size were analyzed with nanodrop and dynamic light 
scattering. GNP-DNA aggregation was mediated by magnesium ions or DNA hybridization, allowing for 
detecting up to 0.5 nM of miRNA within 30 minutes. Therefore, we believe this detection strategy presents a 
transformative and high-throughput device design that can be implemented as point-of-care diagnostic tools. 
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 P0442   Quantitative Lateral Flow Immunoassay for Rapid and Sensitive Detection of Histamine in Fish 
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Histamine is one of the important organic compounds, but it is well known factor to cause an allergy and 
inflammation-like food poisoning. Therefore, detection of the histamine in food is an important issue for 
maintaining food safety. In this study, we successfully detect the histamine using lateral flow assay (LFA) which 
is a rapid, sensitive, cost-effectiveness and highly popular point-of-care (POC) technique. The assay used a 
specific antibody for histamine as receptor and gold nanoparticles as probe for detection of histamine in fish 
through competitive LFA strips. With this method, 50 ppm of histamine can be detected in less than 10 min in 
fish with simple pretreatment of samples. Moreover, Specificity was also evaluated against histamine and 
histamine analogues. We expect that our LFA sensor was significantly faster than the conventional analysis such 
as HPLC, ELISA, GC/MS, etc. and possesses the potential for rapid POC testing for food safety monitoring of 
histamine. 
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 P0443   Instant Colorimetric Sensing of Artificial Fruit Ripening Agents on Fruit Skin via Enzymatic 
Chemoreceptor 
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Owing to the bad practices of growers and sellers, saving the planet from the acute health hazards of artificial fruit 
ripening agents (AFRAs) is an urgent necessity. For this purpose, a solution-based colorimetric sensor for 
detecting AFRAs on the surface of the fruit skin has been developed. Consumers can easily operate the sensor. 
The presence of AFRAs was detected using an Acetylcholinesterase (AChE) enzymatic chemoreceptor in this 
study. As the concentration of AFRAs increased, the colorless enzymatic chemoreceptor solution turned yellow 
and dark yellow. With a limit of detection (LOD) of 150ppm, the proposed assay showed a responsive and 
selective response to AFRAs. Our work will help to strike a balance between advanced agricultural practices and 
human protection, preventing the ingestion of potentially dangerous substances. It can be used as the first 
screening portable kit. After all, this problem has a direct bearing on human health and safety. 
 
Keywords : artificial fruit ripening agents, acetylcholinesterase enzymatic chemoreceptor, colorimetric, fruit, 
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 P0444   Optimization of Hypoxia Degradation Albumin Based Nanoparticle 
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In tumor tissue, hypoxia appears due to abnormal growth and metabolism of cancer cells and disorganized 
vasculature. In hypoxic tumor, it is difficult for chemo drug to penetrate the tumor and reduces the effectiveness 
of therapeutic effect. We synthesized bovine serum albumin (BSA)-based nanoparticles (BSA NP) that can be 
degraded using by azobenzene, which reacts sensitive in the hypoxic environment of tumors. The optimal form 
of BSA NPs was synthesized by adding the amount of azobenzene, a crosslinker. BSA NPs have a size of around 
100 nm in a normoxia condition, and are decomposed and reduced in size in a hypoxic condition due to the 
cleavage of azobenzene. BSA NPs are especially decomposed in a hypoxic environment and can serve as an 
effective drug carrier in tumor tissue. 
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 P0445   Biogenic Gold Nanozyme Possessing Glucose Oxidase and Peroxidase Activity 
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Enzyme-mimicking nanoparticles, also known as nanozymes, are gaining popularity as potential replacements to 
natural enzymes, which have limitations such as limited temperature stability and expensive synthesis, isolation, 
and purification costs. To solve problems in artificial enzyme mimicking processes, multifunctional nanomaterial-
based biomimetic catalysts are required. We present new gold nanoparticles (AuNPs) that catalyze a multienzyme 
cascade reaction (glucose oxidase and peroxidase mimicking activity) and were synthesized using a green 
technique that used gallnut extract (GNE) as a reducing and capping agent. First, glucose is oxidized to gluconic 
acid and H2O2 using glucose oxidase mimicking activity. Second, the in situ produced H2O2 from glucose 
oxidation aids the chromogenic substrate 3,3′,5,5′-tetramethylbenzidine oxidation by a peroxidase mimicking 
action. The catalytic activity of the GNE-based AuNPs was maximal at 40 °C and a pH range of 6-8. For glucose 
and H2O2, the apparent Michaelis constant (Km) values were calculated to be 0.089 and 0.118 mM, respectively. 
These low Km values show that the synthesized GNE-based AuNPs have a significant affinity for both substrates. 
The average ζ-potential value of GNE-based AuNPs was -32.2 mV, suggesting high physical stability of the 
nanosuspension. During storage at 4 °C for 10 days, the nanoparticles showed high repeatability and long-term 
stability. This study provides new insights regarding the green synthesized nanoparticles as multienzyme 
substitutes for natural glucose oxidase and peroxidase in a variety of applications, including glucose level 
monitoring diagnostic kits. 
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 P0446   High Performance of NanoCellulose/Nanochitin Coating Polypropylene Film for Food 
Packaging Materials 

 
Seunghyeon LEE, Dongsoo HWANG 
Department of Environment Science and Engineering, Pohang University of Science and Technology (POSTECH), 
Pohang, Korea 
Corresponding Author Email : dshwang@postech.ac.kr 
 
In food packaging industry, it is important to possess barrier properties which prevent oxygen gas and water vapor. 
In general, aluminum coated polypropylene films are used because aluminum has a good gas barrier ability. 
However, this film is difficult to reuse and generate harmful particle when finally incinerated. In this study, we 
made a renewable food packaging film using the two most abundant biorenewable resources, cellulose and chitin. 
The structure of this film is simply made by stacking TEMPO cellulose nanofibers and Chitin nanowhiskers on 
polypropylene, and coating layers can sufficiently prevent oxygen gas and water vapor permeation. Compared 
with pristine pp, oxygen gas and water vapor permeability were significantly reduced from 1118 to 13.10cc m-
2day-1 and from 2.43 to 2.13g m-2day-1, respectively. Furthermore, it has high transparency and antibacterial 
effect, so it can be expected as a new renewable food packaging material. 
 
Keywords : cellulose nanofibers, chitin nanowhiskers, food packaging 
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 P0447   Microfluidic Device for One-step Detection of Breast Cancer-derived Exosomal mRNA in Blood 
Using Signal-amplifiable 3D Nanostructure 
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The detection of metastatic tumor-derived components in the blood assists in determining cancer recurrence and 
patient survival. Microfluidic-based sensors facilitate analysis of small fluid volumes and represent an accurate, 
rapid, and user-friendly method of field diagnoses. In this study, we develop a microfluidic chip-based exosomal 
mRNA sensor (exoNA-sensing chip) for the one-step detection of exosomal ERBB2 in the blood by integrating a 
microfluidic chip and 3D-nanostructured hydrogels. The exoNA-sensing chip is a vacuum-driven power-free 
microfluidic chip that can accurately control the flow of trace fluids (< 100 µL). The sensing part of the exoNA-
sensing chip includes 3D-nanostructured hydrogels capable of detecting ERBB2 and a reference gene by 
amplifying a fluorescent signal by an enzyme-free catalytic hairpin assembly reaction at room temperature. This 
hydrogel offers a detection limit of 58.3 fM with good selectivity for target sequences. The performance of the 
exoNA-sensing chip was evaluated by testing in vitro/in vivo samples, and was successfully proven to be effective 
for cancer diagnosis and liquid biopsies. 
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Clostridium sp. JS66 (JS66) is a strict anaerobic acetogen capable of producing a mixture of free fatty acids and 
alcohols composed of C2~C6 carbon chains using syngas (H2, CO, and CO2) and sugars via WLP and EMP 
respectively. We have attempted to generate high concentrations of C2~C6 acid/alcohol from syngas using JS66; 
however, CO consumption rate was slow and a certain lag phase was observed due to CO toxicity even with CO: 
30%-containing syngas (1.5 bar). In this study, we implemented adaptive laboratory evolution (ALE) to improve 
CO tolerance and CO consumption rate of JS66 by increasing CO concentrations (30%, 50%, 70%, and 100%) as 
a selection pressure. As a result, JS66 cultures adapted under CO 100% (ALE-100 JS66) was readily consumed 
CO 100% (1.5 bar) as a sole carbon source without a lag phase. A pure ALE-100 JS66 strain was isolated by 
selecting single colonies from ALE cultures. Under the gas fermentation with CO 100%, a pure ALE-100 JS66 
strain was found to consume CO completely within 96 hours, whereas the wild type JS66 did not consume CO 
for 200 hours. Further study on ALE strain would allow the production of high concentration of metabolites from 
syngas. 
 
Keywords : Clostridium sp. JS66, syngas, adaptive laboratory evolution, autotrophic fermentation, carbon 
monoxide 
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Hexanoic acid (HA) is a useful chemical as a precursor of food additive, perfume, and hexanol, an alternative for 
gasoline. Clostridium sp. JS66 produces HA using syngas as carbon and energy sources. In this study, we 
conducted mixotrophic fermentation by supplying glucose and syngas together to increase HA production. During 
the mixotrophic fermentation, produced HA was removed by adsorbent resin to prevent HA inhibition. As a result, 
gas consumption and HA production increased 6.1 and 3 fold, respectively, under mixotrophic fermentation 
comparing to no resin mixotrophic fermentation. This result indicates in situ removal of HA is necessary for high 
production of HA by mixotrophic fermentation. To improve HA production further, high CO pressure was applied 
during mixotrophic fermentation with absorbent resin. Notably, the final HA concentration under high CO 
pressure was 5.5 g/L, which was 2.4 times higher than under low CO conditions. This result demonstrates that 
mixotrophic fermentation under high CO pressure with in-situ removal HA system is effective for high HA 
production by providing sufficient reducing power for chain elongation and preventing HA inhibition. 
 
Keywords : Clostridium sp. JS66, syngas, hexanoic acid (HA), product inhibition, in situ removal 
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3-hydroxypropionic acid (3-HP) is one of the basic substances that can be synthesized various industrial 
compounds such as malonic acid, 1,3-propanediol, which can replace plastics, resins and adhesives produced from 
fossil fuel. For the production of 3-HP, an isomer of lactic acid and a C3 chemical, Kluyveromyces marxianus, 
known as thermo tolerance yeast was engineered. We overexpressed the acetyl CoA carboxylase1 (ACC1) gene 
originated from K. marxianus 17555, and then overexpressed the malonyl CoA reductase (MCR) gene originated 
from Chloroflexus aurantiacus to select 3-HP producing engineered strain. The engineered K. marxianus KG001 
strain produced 8.28 ± 0.18 g/L of 3-HP at 100 rpm with 0.34 ± 0.00 g/L/h productivity and 0.10 ± 0.00 g/g yield 
for 24 h. At 200 rpm, 3-HP production, productivity, yield were improved to 10.16 ± 0.38 g/L, 0.42 ± 0.01 g/L/h, 
and 0.13 ± 0.00 g/g for 24 h. Through the optimization of fermentation conditions using bioreactor, the maximum 
3-HP concentration was 17.51 g/L, the maximum productivity was 0.84 g/L/h, and the maximum yield was 0.22 
g/g. 
 
Keywords : 3-hydroxypropionic acid, Kluyveromyces marxianus, acetyl CoA carboxylase1, malonyl CoA 
reductase 
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In Nuruk, a traditional Korean fermentation starter made from grains, various fungi and yeasts are naturally 
inoculated. Among them, the fungi saccharify grains through enzymatic activities of α-amylase or glucoamylase 
to produce glucose. At the same time, the yeast converts glucose to ethanol. This two-step fermentation is called 
simultaneous saccharification and fermentation (SSF). In this study, the saccharification of starch was performed 
by Rhizopus oryzae or Aspergillus luchuensis isolated from Nuruk, and ethanol fermentation was performed 
by Saccharomyces cerevisiae to compare starch degradation rate, ethanol production rate, and flavor 
characteristics. Dextrozyme which is composed of glucoamylase and pullulanase was used as a negative 
control. R. oryzae degraded most of the starch in 60 h and produced 26.62 ± 0.30 g/L of ethanol. A. 
luchuensis degraded 34.55 ± 5.23 g/L of starch in 60 h and showed lower starch degradation rate than R. oryzae. 
In addition, principal component analysis (PCA) was performed to compare flavor characteristics using electronic 
nose. 
 
Keywords : simultaneous saccharification and fermentation, nuruk, rhizopus oryzae, aspergillus luchuensis, fungi 
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 P0505   Enhancement of Photoautotrophic Algal Biomass Production after Interrupted CO2 Supply by 
Urea and KH2PO4 Injection 
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Microalgae-derived biomass is currently considered a sustainable feedstock for making biofuels, including 
biodiesel and direct combustion fuel. The photoautotrophic cultivation of microalgae using flue gas from power 
plants has been continuously investigated to improve the economic feasibility of microalgae processes. The 
utilization of waste CO2 from power plants is advantageous in reducing carbon footprints and the cost of carbon 
sources. Nonetheless, the sudden interruption of CO2 supply during microalgal cultivation leads to a severe 
reduction in biomass productivity. Herein, chemical fertilizers including urea and KH2PO4 were added to the 
culture medium when CO2 supply was halted. Urea (5 mM) and KH2PO4 (5 mM) were present in the culture 
medium in the form of CO2/NH4

+ and K+/H2PO4 −, respectively, preventing cell growth inhibition. The culture 
with urea and KH2PO4 supplementation exhibited 10.02-fold higher and 7.28-fold higher biomass and lipid 
productivity, respectively, compared to the culture with ambient CO2 supply due to the maintenance of a stable 
pH and dissolved inorganic carbon in the medium. In the mass cultivation of microalgae using flue gas from coal-
fired power plants, urea and KH2PO4 were supplied while the flue gas supply was shut off. Consequently, the 
microalgae were grown successfully without cell death. 
 
Keywords : microalgae, photoautotrophic biomass production, Urea, KH2PO4, coal-fired flue gas 
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 P0506   Concurrent Enhancement of CO2 Fixation and Productivities of Omega-3 Fatty Acids and 
Astaxanthin in Haematococcus pluvialis Culture via Calcium-mediated Homeoviscous Adaptation and 
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Haematococcus pluvialis has attracted interest as a bio-platform for producing omega-3 fatty acids (ω-3 FA) and 
astaxanthin that have a great potential as anti-inflammatory drugs. This study aimed to concurrently enhance the 
CO2 fixation and the productivities of ω-3 FA and astaxanthin, which have been difficult to achieve because of 
the dissimilar culture methods for each goal, via calcium-mediated homeoviscous adaptation and biominera-
lization. As a result of 3 mM of Ca2+ addition, ω-3 FA content was improved by 31% due to Ca2+-induced 
homeoviscous adaptation. Biomineralization was promoted by the extracellular carbonic anhydrase, which 
resulted in 46.3% improvement in CO2 fixation. CaCO3 from the biomineralization was beneficially re-used in 
the H. pluvialis culture and triggered 178- and 522-fold increased biomass productivity and astaxanthin content, 
respectively, thanks to its anisotropic nature. The Ca2+-based productivity enhancement strategy was applied to 
large-scale culture which resulted improvement in overall bioprocess performance. 
 
Keywords : haematococcus pluvialis, biomineralization, omega-3, fatty acids, astaxanthin 
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In this study, a technique for adsorption of paclitaxel using ultrasonic cavitation bubbles and gas bubbles was 
developed. Compared to the control (conventional adsorption), the adsorbed amount and adsorption rate constant 
increased 1.27-1.44 times and 7.44-9.71 times (ultrasonic adsorption with mixing at 80-250 W), 1.14-1.27 times 
and 4.63-9.31 times (ultrasonic adsorption without mixing at 80-250 W), and 1.06-1.19 times and 1.18-1.34 times 
(gas bubble-adsorption without mixing at 1.15-9.41 L/min), respectively. As a result of investigating the 
adsorption mechanism in which cavitation bubbles were introduced, the microjets and shocks waves produced by 
bubble collapse, rather than the bubble itself, drastically improves mass transport in the pores of the adsorbent, 
thereby completely eliminating the intraparticle diffusion resistance. In the case of gas bubbles, the intraparticle 
diffusion coefficient increased by 1.34-1.75 times compared to the control, but there was a limitation in promoting 
intraparticle diffusion. 
** Acknowledgment: This work was supported by the National Research Foundation of Korea (NRF) grant 
funded by the Government of Korea (MSIT) (Grant Number: 2021R1A2C1003186). 
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 P0508   Ultrasound-assisted Extraction of Paclitaxel from Taxus chinensis: Optimization, Kinetics and 
Mechanism Studies 
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Experimental studies were carried out for the ultrasonic cavitation bubble- and gas bubble-assisted extraction of 
paclitaxel from Taxus chinensis while varying parameters such as ultrasonic power, gas flow rate, and contact 
time. Extraction efficiency has been dramatically improved, and the time required for extraction has been reduced 
compared to conventional methods. As a result of investigating the mechanism of extraction in which cavitation 
and gas bubbles were introduced, it was found that the bubble itself contributes to the improvement of extraction 
efficiency. In addition, the extraction behavior was quantitatively investigated by calculating the effective 
diffusion coefficient and mass transfer coefficient of paclitaxel. As the ultrasonic power and gas flow rate 
increased, the extraction rate constant (3.5590-6.6028 mL/mg min at 80-380 W and 3.3568-4.1067 mL/mg min 
at 0.185-1.750 L/min), effective diffusion coefficient (12.4448-17.5691x10-13 m2/s at 80-380 W and 12.0788-
16.1050x10-13 m2/s at 0.185-1.750 L/min), and mass transfer coefficients (2.5196-2.9750x10-7 m/s at 80-380 W 
and 2.3982-2.4286x10-7 m/s at 0.185-1.750 L/min) increased. 
** Acknowledgment : This work was supported by the National Research Foundation of Korea (NRF) grant 
funded by the Government of Korea (MSIT) (Grant Number: 2021R1A2C1003186). 
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 P0509   Negative Pressure Cavitation Bubble-induced Fractional Precipitation of Paclitaxel from Taxus 
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In this study, the precipitation efficiency of paclitaxel from Taxus chinensis was remarkably improved through 
negative pressure cavitation fractional precipitation. When paclitaxel was precipitated under a negative pressure 
of -200 mmHg, almost all of the paclitaxel (>97%) could be recovered in a short operation time (1 min). The 
precipitation rate constant was calculated using the JMAK equation for kinetic analysis. The rate constant in the 
case of negative pressure (-50 to -200 mmHg) cavitation fractional precipitation increased by 2.147-6.046 times 
compared to fractional precipitation without negative pressure. The changes of activation energy by the negative 
pressure (-50 to -200 mmHg) were also calculated using the Arrhenius equation. The activation energy changes 
were -1767 to -4161 J/mol, implying that the activation energy could be reduced by introducing negative pressure, 
resulting in an increased precipitation rate. In addition, the application of negative pressure reduced the size of the 
precipitate by 3.3 times, and increased the diffusion coefficient of paclitaxel by 4.4 times. 
** Acknowledgement : This work was supported by the National Research Foundation of Korea (NRF) grant 
funded by the Government of Korea (MSIT) (Grant Number: 2021R1A2C1003186). 
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Naringin included in citrus fruits is a flavonoid. It has antioxidant and anti-inflammatory effects. However, the 
low solubility and stability in lipophilic systems limit commercial applications. To overcome this problem, 
esterification can be employed. In this study, naringin oleate was synthesized through esterification using naringin 
and oleic acid. The optimal synthetic conditions were derived by manipulating the immobilized enzyme type, 
enzyme concentration, molar ratio (naringin:oleic acid), reaction temperature and solvents. Finally, over 90% 
conversion was obtained under optimal synthetic. Naringin oleate, a high value-added material, has higher 
solubility and stability in lipophilic systems than the original naringin and obtains higher physiological efficacy. 
Furthermore, the commercial potential of the process is expected through achieving a relatively short reaction 
time with high conversion. 
 
Keywords : flavonoid, lipase, naringin oleate, antioxidant, optimization 
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Ketone bodies are energy supplements produced from fatty acids by the liver under energy restriction conditions. 
In recent studies, several clinical effects, such as the increase of cardiac energetics and potential uses as a treatment 
for cancer and cardiovascular disease, are observed when the ketone body concentration in the blood is maintained 
over 0.5 mM. Appropriate ingestion ways of ketone bodies are investigated, and ketone esters were recognized as 
the most effective ingestion way. Hydroxybutyrate methyl ester, one of ketone esters, can effectively increase 
ketone body concentration in the blood with fewer doses than other options and are shown several clinical effects 
as ketone bodies and also as itself. Through ingestion of hydroxybutyrate methyl ester, the learning and memory 
was improved and further, the possibility for the treatment of Alzheimer’s disease was also observed. But still, 
only few studies are investigated the production of hydroxybutyrate methyl ester. Therefore, the conditions for 
the production of hydroxybutyrate methyl ester based on enzymes were designed under the consideration of 
productivity. 
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Flavonoids are antioxidants found in nature, and naringin, a type of flavonoid, has strong antioxidant, antibacteri
al, and anti-
cancer effects. However, the application of naringin to living organisms has difficulty due to its low solubility a
nd stability in hydrophobic environments. These problems can be overcome by the acylation of naringin. This st
udy aimed to synthesize naringin acetate by acylation of naringin and acyl donor using lipase and to obtain a hig
h conversion through optimization of a synthesis reaction. To optimize the synthesis reaction, parameters that af
fect synthesis (enzyme type, enzyme concentration, acyl donors, molar ratio (naringin:acyl donor), reaction tem
perature, and the solvent) were analyzed with one factor at a time (OFAT) method. Under optimal synthesis con
ditions, the conversion was obtained over 95%. This study suggested efficient synthesis methods that can obtain 
higher conversion in a shorter reaction time. 
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Staphylococcus aureus causes various infections such as endocarditis and pneumonia, and the number of its 
infection is increasing in recent years. Infections caused by multidrug-resistant bacteria, such as methicillin-
resistant S. aureus (MRSA), are difficult to cure with conventional antibiotics alone. The use of high-dose 
antibiotics leads to the emergence of more resistant strains. In this study, we propose the use of antibiotics together 
with natural compounds that increase the effectiveness of antibiotics in order to treat antibiotic-resistant bacterial 
infections and reduce the amount of antibiotics used. Colony-forming units of MRSA were significantly reduced 
when treated together with concentrations of Ricini Semen and oxacillin that did not affect growth. Ricinoleic 
acid, the main compounds in Ricini Semen, has enhanced antibiotic activity of oxacillin. S. aureus can incorporate 
extracellular fatty acids into the cell membrane. To identify the relationship between the composition of membrane 
fatty acids and the increased antibiotic activity of oxacillin, the change in the composition of membrane fatty acids 
after treatment with ricinoleic acid and oxacillin will be analyzed. 
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1,3-Propandiol is widely used as adhesives, laminates and food additives for three carbon sources. Sustainable 
and non-toxic regeneration of NADH is critical for efficient production of 1,3-PDO. Zero-Valent Iron(ZVI) can 
provide reducing equivalent for 1,3-PDO synthesis from glycerol as an electronic donor. Klebsiella Pneumaniae 
has 1,3-PDO production pathway from glycerol, and has been extensively investigated as exoelectrogens. In this 
study, we attempt to produce 1,3-PDO from un-purified crude glycerol produced from biodiesel process by using 
an electrochemically active strain, K. pneumoniae L17. The results showed significant increase of 1,3-PDO 
production using the ZVI. It seems that unidentified component in a crude glycerol may bring synergetic effects 
for both cell biomass and 1,3-PDO production. These results implicate that ZVI can regulate the bioconversion of 
electroactive strain such as L17, therefore improve crude glycerol conversion into value-added platform chemicals. 
 
Keywords : qPCR, metabolic shift, Klebsiella pneumoniae L17, 1,3-Propanediol(1,3-PDO), zero-valent iron 
(ZVI) 
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Protein-protein interaction (PPI) has been studied in many ways and from many perspectives, leading to advances 
in biological functional control. This has also led to the study of scaffold protein, which have a very important 
role as regulators in signalling, and the development of extracellular multi-enzyme complexes using weak 
interactions, such as ionic bonding. Here we studied the manufacture of other artificial scaffolding proteins to 
replace this scaffold protein, and in the process we used two peptides and performed overlap PCR to bind the two 
DNA. This experiment, which is changed in a typical PCR, allows the primer to be configured to have a 5' 
overhang complementary at the end of another molecule so that the DNA after annealing is expanded. When the 
two DNA molecules are expanded in this way, they are mixed and a PCR is carried out with only the primers for 
the far ends. In the course of the study, two peptide-linked genes were obtained, which produced covalent bond-
based proteins that could replace conventional non-covalent bonds. This will bring structural stability to the 
enzyme complex, providing benefits that do not change easily in the heat. 
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In the food industry, interest in and consumption of health functional foods for antioxidant and immunity 
enhancement is increasing significantly due to the effects of aging and the novel coronavirus (COVID-19). 
Therefore, research related to functional substances is also being actively conducted. Astaxanthin is a 
ketocarotenoid-type red pigment and has been investigated as an antioxidant that is about 10 times more powerful 
than other types of carotenoids. The chemical compound form of astaxanthin has problems with lower 
bioavailability and lower stability than natural extracts. In this study, an enzyme used for Xanthophyllomyces 
dendrorhous was developed through a transformed microorganism and the enzyme ability was evaluated through 
halo assay and DNS method. In addition, astaxanthin extracted from X. dendrorhous were analyzed for 
astaxanthin using HPLC. As a result, enzyme production was successfully performed from the transformed 
microorganism, and the enzymatic activity of the prepared enzyme was confirmed qualitatively and quantitatively. 
Through these studies, it is expected that it can be directly applied to the functional food market containing 
astaxanthin extracted from X. dendrorhous. 
 
Keywords : Xanthophyllomyces dendrorhous, astaxanthin, enzyme development, enzyme activity analysis, halo 
assay, DNS method, HPLC 
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 P0517   Application, Characterization and Antioxidant Activities of Natural Pigment Produced 
by Deinococcus wulumqiensis Strain 
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Here, we present bioproduction and characterization of bacterial red pigment from Deinococcus wulumqiensis sp. 
isolated from screening. The Deinococcus sp. Have red pigment of Deinoxanthin(DX), which was reported to 
have biological functions of resistant to γ-irradiation, UV light, antioxidant activities. First, the production of DX-
type pigment was 2.5 mg/L/h of the pigment. Next radical scavenging capacity, and UV-resistance capacity of 
DX-type pigment(Before and after UV decomposition) were determined. Finally, its chemical structure was 
identified by H-NMR and LC/MS analysis and prosed. Environmental pigments are emerging these days to 
replace chemically synthesized pigments. This red pigment synthesized from microbes could replace chemical 
pigments and be applied for various dyeing processes as functional materials. 
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 P0518   Enhancement of Fatty Acids Production of Parachlorella kessleri by Box-Behnken Design 
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Parachlorella kessleri is an efficient fatty acid producer that contains a large quantity of omega-3 and omega-6 
polyunsaturated fatty acids (about 50% of the total lipid content). Microalgae can increase the accumulation of 
fatty acid when they are under stressful conditions such as nutrient depletion or high salinity. So, we selected three 
factors (nitrogen source, salt stress, carbon source) and culture conditions were optimized by statistical analysis 
using Box-Behnken Design (BBD) experiment. A three-dimensional response surface was generated to decide 
the effect of the factors and to figure out the optimum concentration of each factor for lipid production. The 
medium with 5.89 mM NaNO3 and 0.34 M NaCl for fatty acids production have 35.8% higher lipid production 
than the medium for biomass increase (NaNO3: 35.2 mM, NaCl: 0 M, NaHCO3:5.94 mM). The results suggest 
that optimization of culture conditions could enhance microalgal fatty acids production for response and 
adaptation to stressful conditions. 
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 P0519   Production of Trehalose Using Trehalose Synthase on the Escherichia coli Cell Surface 
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Trehalose is a non-reducing disaccharide with many industrial applications. Trehalose synthase (TreS, EC 
5.4.99.16) catalyzes the reversible interconversion of trehalose (glycosyl-a, a-1,1-glucose) and maltose (glucosyl-
a1-4-glucose). In this study, Trehalose synthase from Pseudomonas putida KT2440 displayed on the surface 
of Escherichia coli. yiaT which is putative outer membrane protein from E. coli used as anchoring motif. Western 
blot analysis revealed that Trehalose synthase is expressed on the outer membrane of E. coli. Here, we show that 
effect of pH and Temperature on trehalose synthase activity. The activity of TreS was assayed by measuring the 
amount of trehalose produced from maltose. This research can provide advantages of enzyme reuse, improved 
thermal stability, and easy separation of the biocatalyst for trehalose production. 
 
Keywords : trehalose, bioconversion, cell surface display 
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 P0520   Immobilization and Characterization of Hydrolases on Porous Titanium Dioxide (TiO2) Support 
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Immobilization enzymes have been widely used due to its several advantages: reusability, easy recovery, and 
stability. We immobilize α-amylase from Aspergillus oryzae and amano lipase ps from Burkholderia cepacia on 
porous titanium dioxide (TiO2) using adsorption method. TiO2 is usually used as pigment, electric conductor and 
photocatalyst. However, it does not react biologically, so it has an advantage as an immobilization support 
material. There are two types of porous TiO2 we used: mesoporous TiO2 which has 2~50nm pore diameter and 
hierarchically structured porous TiO2 which has micro, meso, macropore all together. 
The purpose of this study is characterizing the immobilized enzymes on porous TiO2 and comparing the 
characteristics depending on types of TiO2. We investigated the reusability, stability, and effect of pH and 
temperature on the activity of immobilized enzymes. 
 
Keywords : immobilized enzyme, titanium dioxide, hydrolase, porous material 
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 P0521   Heterologous Expression of Phleichrome, a Product of Polyketide Synthase of Cladosporium 
phlei, Using Co-expression System in Saccharomyces cerevisiae 
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Phleichrome, a pigment produced by a phytopathogenic fungus Cladosporium phlei, is a fungal perylenquinone 
whose photodynamic activity has been intensively studied and can be used in photodynamic therapy for tumor 
necrosis. Through previous studies, it was confirmed that phleichrome is synthesized through the polyketide 
synthase pathway, and the polyketide synthase (PKS) gene responsible for the biosynthesis of phleichrome was 
identified. If phleichrome, a photosensitizer, can be mass-produced using the expression system of Saccharomyces 
cerevisiae, there will be many advantages for industrial application in tumor treatment. In order to express the 
PKS gene, activation of PPTase to initiate polyketide synthase pathway is required. However, since PPTase of S. 
cerevisiae is not active in expressing the fungal PKS gene, a strategy of expressing active fungal PPTase and PKS 
gene through a co-expression system was used. The fungal PPTase gene was cloned into a yeast integrative vector, 
and the PKS gene was cloned into a yeast episomal vector, respectively. Co-transformation was performed on S. 
cerevisiae using these two vectors, and cultured on leucine-deficient selective media and uracil-deficient selective 
media. Co-transformants were selected through PCR using the DNA of colonies. In future work, we will isolate 
RNA from co-transformant to check whether transcription of fungal PPTase gene and PKS gene occurs. And we 
will check the expression of phleichrome through thin layer chromatography. 
 
Keywords : phleichrome, polyketide synthase, Saccharomyces cerevisiae, co-expression, photodynamic therapy 
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 P0522   Optimizing the Production of Red Pigments with Antioxidant Effect by Using Perenniporia 
fraxinea 
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In this study, the optimal medium conditions for the maximal production of red pigment using Perenniporia 
fraxinea mycelium were identified and the antioxidant ability of red pigment was evaluated. The red pigment 
produced from natural products has an antioxidant effect and can be effectively used to remove free radicals. After 
culturing for 3 weeks at 25° C. and 150 rpm, the culture medium was centrifuged and absorbance was measured 
at 300 nm to measure the degree of redness of the medium according to the culture conditions. The red pigment 
is formed through the medium using malt extract with a low nitrogen source (about 0.1%) as the main raw material, 
but when the nitrogen source content increases, the production of the red pigment decreases. P. fraxinea grown in 
the malt extract-free medium did not produce red pigment even though a small amount of nitrogen was added to 
the medium. In the case of a medium using fructose as a carbon source and tryptone as a nitrogen source, more 
red pigment was produced. As a result of using the polyphenol method for antioxidant measurement, the redder 
the color of the culture supernatant, the better the antioxidant activity. 
 
Keywords : flask culture, red pigment, antioxidant, polyphenol, free radical 
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 P0523   Antibacterial Activity Domestic Bamboo Wax 
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Phyllostachys bambusoides (PB) and Phyllostachys nigra var. henonis (PN) are the representative bamboo 
species in southern Korea which are recently used for various medicinal or cosmetics purposes. The bioactive 
constituents from aerial parts of the bamboo have been studied by several researchers showing anti-inflammatory 
and anti-bacterial activity. While, the effects are known to be bamboo-species specific. This study reported the 
anti-bacterial activity of PB and PN wax. The PB and PN wax was treated with solvents combined toluene and 
ethanol. These samples dissolved in dimethyl sulfoxide (DMSO) was injected into a paper disk and used for anti-
bacterial disk diffusion test. For anti-bacterial test, four types of skin bacteria were selected as 
follows: Staphylococcus epidermidis, Malassezia furfur, Malassezia pachydermatis, Cutibacterium acnes. 
According to the results of the disk diffusion test, PN and PB wax showed similar levels of anti-bacterial activity 
about S. epidermidis. Meanwhile, PB wax showed anti-bacterial activity about M. furfur. PN and PB wax are 
effective in growth inhibition of S. epidermidis, one of the causes of dermatological inflammation, while PB wax 
has also been shown antibacterial activity against M. furfur, one of the causes of dandruff at a certain concentration 
or higher. In summary, wax extracted from PB and PN are to be useful for product formulation for skin and body. 
 
Keywords : bamboo, bamboo wax, antibacterial activity, Phyllostachys bambusoides, Phyllostachys nigra var. 
henonis 
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 P0524   Enhanced Polyhydroxyalkanoate and Astaxanthin Co-production by Cell Retention Culture 
of Paracoccus sp. LL1 
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A cell retention culture of Paracoccus sp. LL1 was performed in a membrane fermenter equipped with an internal 
ceramic filter module to reach high cell density and thus enhance the co-production of polyhydroxyalkanoate 
(PHA) and astaxanthin as growth associated products. This study showed that PHA accumulation increased with 
increasing dry cell weight (DCW) giving rise to a maximum of 43.87 ± 0.91 g/L (38.76% of DCW) at 48 h. A 
significant increase in both intra and extracellular astaxanthin concentrations was also recorded during the 
fermentation process achieving a maximum production of respectively 8.51 ± 0.20 and 10.2 ± 0.24 mg/L at 48 h. 
Based on gas chromatography, Fourier transform infrared spectroscopy, and 1H nuclear magnetic resonance 
spectroscopy, the extracted PHA was identified as a copolymer of 3HB/3HV with a 3-hydroxyvalerate (3HV) 
content of 3.78 mol%. The thermal stability of the produced PHA was comparable to that of standard poly-3-
hydroxybutyrate (PHB) and higher than that of standard poly-3-hydroxybutyrate-co-3-hydroxyvalerate (PHBV) 
with 12 mol% 3HV. 
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Antigen 43(Ag43), an autotransporter protein, consists of the N-terminal signal peptide sequence to move into 
inner membrane, the C-terminal β-barrel domain forming a pore in the outer membrane and the passenger domain 
exposed to bacterial surface. By replacing the passenger domain sequence with desired recombinant antigen, the 
Ag 43 system can be used to the bacterial surface display. We confirmed constructs of the β-barrel domain by 
deletion of the N-terminal sequence and evaluated to expose protein to the surface. It was performed by exposing 
eGFP to the surface, and the Ag43_700 was the most efficient construct through the flow cytometry analysis and 
extraction of outer membrane. This exposed platform enables the application of antigen display on outer 
membrane particles. 
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Metabolic engineering is a promising method that can overcome major problems in conventional methods of 
lycopene production, such as low yields and poor quality. To enhance lycopene production, it is important to 
introduce metabolic enzymes with high specific activities. Two MEP pathway enzymes, 1-deoxy-d-xylulose-5-
phosphate synthase (Dxs) and farnesyl diphosphate synthase (IspA), are essential in lycopene production. Here, 
we verified the high enzyme activities of Dxs and IspA of Vibrio sp. dhg, a newly isolated and fast-growing 
microorganism. We found that Dxs and IspA in Vibrio sp. dhg showed 1.08-fold and 1.38-fold higher catalytic 
efficiencies, respectively. Consequently, the overexpression of two MEP pathway enzymes increased the specific 
lycopene production by 1.88-fold. Our findings could be widely used to increase production of lycopene and other 
carotenoids. 
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1,3-diaminopropane (1,3-DAP), 1,4-diaminobutane (1,4-DAB), and 1,5-diaminopentane (1,5-DAP) are 
industrially important chemicals. Although several studies have been published regarding bio-based diamine 
production with metabolically engineered microorganisms, there have been no reports on methods for efficient 
recovery of 1,3-DAP, 1,4-DAB, and 1,5-DAP from fermentation broth. Here, an effective process for separation 
and purification of these diamines from fermentation broth was developed, without use of any highly toxic or 
flammable solvents. In this optimal process, extremely pure 1,3-DAP, 1,4-DAB, and 1,5-DAP was separated, with 
yields of 87±3%, 86±4%, and 81±2%, respectively. This strategy could be applied to other diamines and related 
chemicals for developing recovery and purification processes from fermentation broth.  
** This work was supported by the Technology Development Program to Solve Climate Changes on Systems 
Metabolic Engineering for Biorefineries (NRF-2012M1A2A2026556 and NRF-2012M1A2A2026557) from the 
Ministry of Science and ICT through the National Research Foundation of Korea. 
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Polyhydroxyalkanoates (PHAs) are polyesters of hydroxyalkanoic acid accumulated by numerous prokaryotes in 
the form of intracellular granules as storage of carbon and energy. In the previous study, we have obtained 5 kinds 
of halophilic bacteria with the potential for PHA-producing by using the PCR screening method. As the halophilic 
bacteria can grow in high salinity, the PHA production cost can be lowered due to low risk of contamination and 
simple extraction method using water. In this study, biological characterization and PHA productivity 
of Halomonas sp., showing the best productivity among them, were studied under the different conditions of 
medium, temperature, NaCl concentration, carbon source. In addition, PHA composition from Halomonas sp. was 
characterized as poly(3-hydroxybutyrate) (PHB) by gas chromatography (GC) and nuclear magnetic resonance 
(NMR). 
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 P0529   Degradation of Polybutylene Adipate-co-terephthalate (PBAT) and Polybutylene Succinate 
(PBS) by Bacillus pumilus 
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As the consumption of plastics in the world causing lots of environmental problems increases, the interest in 
plastic degradation have been greater than before. Among the biodegradable plastics, PBAT and PBS are the most 
popular bioplastics. We tested 20 of halophilic bacteria, 4 Bacillus pumilus, and 4 PHB degrading bacteria from 
Konkuk university to select the strains that can effectively degrade PBAT and PBS. Bacillus pumilus 3348, 
Bacillus pumilus 3713, Bacillus pumilus 3855, and Bacillus pumilus 13101 showed the potential of PBAT and 
PBS degradation through the halo formation on PBAT and PBS emulsified plates. In order to confirm that lipase 
would degrade PBAT and PBS, one of lipase products, CALB, was used to observe lipase activity to degrade 
PBAT and PBS. In conclusion, we found that Bacillus pumillus reported to have lipase genes in NCBI can degrade 
PBAT and PBS. 
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Recently, as the concerns over environmental issues have increased, the market demand for the environmental 
friendly bio-based chemicals is increasing rapidly. Glutaric acid, a metabolic intermediate in amino acid pathways, 
is becoming a potential C5 diacid chemical as a monomer for bio-polyamide and a plasticizer to substitute 
petroleum based phthalate plasticizers. Since it is too toxic to produce glutaric acid by chemical process, the whole 
cell bioconversion process was applied in this study. In order to convert 5-aminovaleric acid (5-AVA) to glutaric 
acid, the enzymes, 4-aminobutyrate aminotransferase (gabT from E. coli) and succinate semialdehyde 
dehydrogenase (gabD from E. coli), were used. In addition, glutamate oxidase (gox from S. mobaraensis) and 
NAD(P)H oxidase (nox from B. subtilis) were used to regenerate cofactors, α-KG and NAD+, respectively. The 
bioconversion rate from high concentration of 5-AVA to glutaric acid was decreased after 48 hours. In order to 
investigate the reasons of decrease in conversion rate, the cell viability and the residual enzyme activity were 
analyzed. To maintain the high conversion rate, the cell exchange method was adapted in high concentration 5-
AVA. 
 
Keywords : glutaric acid, 5-aminovaleric acid, cell exchange, α-ketoglutarate, monosodium glutamate 
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In the agricultural environment, chemical control, chemicals and fertilizers were used as methods for pest control 
to improve the quality of crop cultivation. It has problems that cause environmental pollution, such as non-
decomposing residual problems and the resulting ecological destruction, and environmentally friendly policies 
are being implemented around the world. The most commonly used triazole-based disinfectant is reported to have 
a relatively long residual period in the soil, and are likely to remain in soil and crops for long time, damaging the 
environment. Preliminary research by Rural Development Administration (RDA) has isolated microorganisms 
that biodegrading the triazole-based disinfectant difenoconazole, and we want to develop the formulation and 
industrialization technology of this strain. 
So, the aim of this research, we have optimized to culture conditions of microorganism such as, Sphingomonas 
sp.C8-2 that have an efficiency of degrading defenoconazole fungicide. This effective microorganism 
Sphingomonas sp., was kindly provided by Rural Development Administration (RDA) and Republic of Korea. 
First, optimization of parameters for Sphingomonas sp. growth, for instance, carbon source, nitrogen source, 
mineral source, temperature, pH and agitation speed were determined in small scale. As a results, the optimal 
media were developed carbon and nitrogen sources were determined as glucose and peptone, respectively, then 
resulted in 1.4~3.4 x 109 CFU/ml by flask cultivations. And then, growth optimization of Sphingomonas sp.C8-2 
in 5L jar-fermenter with the optimized defined medium were carried out and OD600nm, pH, viable cell count 
(CFU/ml) was determined. Initial incubation pH was measured from 7.28 to 7.81 and for OD600nm it was 1.100 for 
39 hours. The final viable cell count by optimized conditions was measured at 1.8 x 109 CFU/mL. 
Now, at the lab scale level, the storage stability of Sphingomonas sp.C8-2 in liquid type and three different types 
of powder formulation type with different ingredients form was developed and optimized for their effect on 
fungicide at different temperature for more than 6 months continuously. For the cultivation of the pilot scale, 
researches using this microorganism agent are in progress. Furthermore, the degradation of defenoconazole by 
liquid or powder formulation types of Sphingomonas sp.C8-2 will be used as base line data that can be utilized 
directly on the field for development and industrialization. 
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Kluyveromyces marxianus, thermotolerant yeast, is considered an industrially important microorganism due to its 
capability to produce ethanol using agricultural wastes. Five strains of K. marxianus isolated from nuruk showed 
a superior temperature resistance than the K. marxianus KCTC17555 at 48°C. The isolates produced ethanol at 
45°C in an industrial medium in which glucose was the sole carbon source. In particular, the MBY/L1554 
produced 32.47±0.06 g ethanol from 86.90±4.01 g glucose for 16 hrs. However, the control strain did not grow at 
45°C. The MBY/L1554 produced 28.79±0.46 g/L of ethanol at 45°C for 48 hrs using rice grain hydrolyzates as 
substrate. This study suggests nuruk, a traditional Korean starter for brewing, might be a prominent source of 
thermotolerant yeasts.  
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Salmonella gallinarum and Salmonella pullorum are pathogenic bacteria that respectively cause fowl typhoid and 
pullorum disease. To hibit these pathogens, antibiotics were used, but that cause antibiotic-resistant bacteria. This 
study investigated lactic acid bacteria, which has antibacterial activity to find antibiotic replacements. The halo 
zone of lactic acid bacteria isolated from traditional fermented foods was compared by using disk diffusion assay. 
The six strains with antibacterial effects in common to Salmonella gallinarum and Salmonella pullorum were 
selected. And it was confirmed that the antibacterial activity was different according to the culture temperature. 
The strains were identified as Lactobacillus plantarum by analyzing the 16S rRNA region. 
 
Keywords : antibacterial activity, Lactiplantibacillus plantarum, Salmonella gallinarum, Salmonella pullorum, 
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Phytase is a phosphatase enzyme that catalyzes the hydrolysis of phosphorous organic complexes such as phytic 
acid into an inorganic form. Phytase increases the availability of organic complex in the feed. Not only does it 
improve protein utilization and absorption rate by digestion, but it also reduces the phosphorus content excreted 
in livestock feces. Therefore, it helps prevent environmental pollution of water and soil. This study aims to search 
for phytase-producing Bacillus species by plate screening method. For finding Bacillus species with a positive 
activity, a halo zone was measured after the reaction of dropping the pre-cultured solution onto the phytase 
screening medium. The seven strains (MBE/L 758, 879, 723, 944, 718, 727, and 759) isolated from nuruk showed 
a clear zone after the reaction. Among these strains, MBE/L944 and MBE/L718 showed the highest phytase 
activity based on the diameter of the halo zone. MBE/L 944, 718, 723, 727, and 759 were identified as Bacillus 
velezensis by confirming the sequence of the 16S rRNA gene. The other two strains, MBE/L 758 and 879, were 
identified as B. amyloliquefaciens and B. siamensis, respectively. 
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To find unrecorded domestic species, wild-type strains were isolated from Raspberry collected in Daeryong 
Mountain at Chuncheon. Among the 1,015 isolates, NIB 325 showed antimicrobial activity against Bacillus 
cereus and identified as Pseudomonas brenneri, which had not been domestically reported. The biochemical 
characteristics of the strains were examined by using an API 20NE and API ZYM KIT. API ZYM KIT results 
suggested that NIB 325 strain is active in esterase(C4), unlike the previously reported JNP 2044 strain. Esterase 
is a valuable enzyme used in amino acid synthesis, steroid conversion, and ester synthesis processes. Esterase 
activity of P. brenneri NIB 325 was qualitatively observed by the activity-staining method. Further study might 
be followed by characterization of the enzyme activity and optimization of cultivation conditions. 
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Fibrin is a mesh-structured protein in which platelets and red blood cells cross-link. Fibrin causes thrombosis, 
which causes cardiovascular disease. The fibrinolytic activity is essential for the prevention and treatment of 
thrombosis. The halo zone was measured by dropping the culture supernatant on fibrin agar plate to 
find Bacillus strains showing fibrinolytic activity. The MBE 2680 strain showed 1.19 fold higher fibrinolytic 
activity than the plasmin (1 Unit/ml) and was identified as Bacillus amyloliquefaciens. 
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The aim of this work was to develop a photobioreactor which has high areal productivity for increasing biomass 
and lipid production in microalgal cultivation. To accomplish economic microalgae mass production, lower 
investment cost is essential. We developed low cost film bag reactor. Film bag reactor has advantage of cost, but 
its smaller volumetric capacity that comes from weak mechanical strength is main limitation. To overcome this 
problem, additional bulkheads were introduced to increase column size safely. In addition, spacer was devised to 
link film bags for single large volume reactor. By using this advanced polymer bag reactor, areal productivity of 
biofuel was greatly increased. Thus, we expect that economic mass production of microalgal fuel becomes 
feasible. 
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In this study, extracted sugars of microalgae, which cause algal blooms and crude glycerol, which is a biodiesel 
industry by-product, were used simultaneously to produce 2,3-BDO. The 2,3-BDO production using only 
extracted algal sugars was about 4.8 g/L at 18 h, and the production of 2,3-BDO using both extracted algal sugar 
and crude glycerol was about 7 g/L at 18 h. It was confirmed that the main culture with crude glycerol was 
increased 1.5-fold compared to the case of using only extracted algal sugars. In addition, four components of the 
main medium (ammonium sulfate, casein hydrolysate, yeast extract and crude glycerol) were statistically 
optimized and the concentrations of the medium were 12 g/L, 16 g/L, 12 g/L and 13 g/L, respectively. In addition, 
the final 2,3-BDO production was about 11g/L, which 1.6-fold higher than before optimization process. As a 
result, it has been confirmed that 2,3-BDO production is possible through the simultaneous use of algal sugars 
and crude glycerol, which can greatly contribute to the development of zero-waste processes. 
 
Keywords : 2,3-butanediol, microalgae, crude glycerol, response surface methodology (RSM) 
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Natural seasonings are the recent trend in food industry to replace the synthesized seasonings due to consumer 
preference. However, unexpected results may occur in terms of sensory evaluation and physico-chemical 
properties such as reduced flavor and color change by adding natural seasoning. In this study, by evaluating and 
comparing the antioxidant and antibacterial activities of 10 marine algae extracts, we tried to find a marine alga 
extract that helps to extend the shelf life of salted pollack roe which also can be applied as a functional material 
with antibacterial activity. Among tested species, in DPPH free radical scavenging activity and total polyphenols 
content, Ecklonia cava and Gracilaria verrucosa extracts showed significant antioxidant activity and in paper 
disc diffusion, MIC and MBC tests, Ecklonia cava, Codium flagile and Gracilaria verrucosa extracts showed 
significant antibacterial activity. Based on the current results, marine algae extracts were suggested to help to 
extend the shelf life of salted pollack roe acting as functional materials with antioxidant and antibacterial activities. 
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Biodiesel is characterized as methyl or ethyl esters of long chain fatty acids, which has attracted a great deal of 
attention recently. Microalgae have emerged as a suitable candidate due to their photosynthetic ability. However, 
the process of converting microalgal biomass to biodiesel requires a lot of energy and cost. To overcome the costly 
pretreatment process, we intended to develop cyanobacteria that converts fatty acids to fatty acids methyl ester 
(FAME) in vivo by insertion fatty acids methyl ester transferase (FAMT). Two FAMT genes were selected and 
their codons were optimized for insertion to Synechocystis sp. PCC 6803. The plasmid constructs were introduced 
into Synechocystis via homologous recombination. The mRNA expression and protein expression of the FAMT 
genes were confirmed by RT-PCR and Western blot analysis. In addition, heterologous expression of the FAMT 
genes was able to produce FAME, which was analyzed by GC analysis. Results showed that these mutant strains 
can be optimized further and applied for commercialization of biodiesel production. 
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This study was aimed to develop the efficient bioprocess for ferrous iron oxidation by immobilized cells 
of Acidithiobacillus ferrooxidans. First, the medium was statistically optimized to minimize jarosite, a major ferric 
iron precipitate, based on response surface methodology (RSM). The results of RSM optimization predicted that 
the jarosite formation would be minimized in a medium at pH 1.8 which contains 2.75g/L of (NH4)2HPO4, 0.3g/L 
of MgSO4·7H2O, 0.15g/L of KCl, and 45g/L of FeSO4·7H2O. Then, based on the previous report that jarosite 
formed on the matrix surface helps the adhesion between the cells and the matrix, cell immobilization was 
performed by incubating flasks containing 9K medium, celite beads and A. ferrooxidans cells, which are favorable 
conditions for jarosite formation. After recovered, the immobilized cells were cultivated in the optimized medium 
in a repeated batch mode. It was observed that as the batch culture was repeated 5 times, the ferrous iron oxidation 
rate increased by 58% from 0.226 to 0.356 g/L/h, which is thought to be due to the increase in the concentration 
of immobilized cells. This study shows the potential to develop an efficient process for ferrous iron oxidation 
without loss of ferric iron. 
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Jeju Black-Swine (JBS) is attractive to consumers due to its unique characteristics such as tenderness, supercilious 
taste, and high-quality meat. Because of its slow growth, JBS has been faced with losing genetic sources. The 
bacterial microbiome plays an important role in the health and immunity of the host. Here, we determined the 
response of the microbiome community from sixteen pigs in feedback to alternative feeding additives composing 
of Rhodobacter sphaeroides, Lactobacillus, and AOS. Through 16S rRNA gene sequencing high-throughput 
approaches, a total of 970 different operational taxonomic units (OTUs) were achieved. 17 phyla, 19 class, 43 
order, 78 family, and 205 genera shared via all samples. Firmicutes (55.35%), 
Bacteroidetes (28.51%), Spirochaetes (10.77%), and Proteobacteria (4.31%) were observed as the four most 
predominant phyla. Whereas Firmicutes was statistically decreased and Spirochaetes was increased in R. 
sphaeroides fed group compared to control and others. The effective changes in taxonomic composition could be 
useful for the next findings. Our results provided an insight into the dynamic of the microbiome to R. 
sphaeroides, Lactobacillus, and AOS supplementation; it could be promised of potential applications for probiotic 
and prebiotic. 
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Microalgae are promising resources for producing value-added products due to their rapid growth rate and high 
lipid content. Among products obtained from microalgae, the eicosapentaenoic acid (EPA) which is health 
supplement has gained attention because of the limitations on fish oil production. In this study, we optimized 
cultivation conditions of Nannochloropsis salina for enhancement of EPA production. The optimization process 
was carried out by response surface methodology (RSM) for studying the interactive effect of temperature and N 
concentration (NaNO3) using central composite design. The RSM results showed an optimal level of 1.28 g/L for 
NaNO3 and 21 ℃ for temperature, resulting in maximum EPA productivity of 14.4 mg/L/day. To understand the 
effect of optimal conditions on EPA production, we analyzed the lipid compositions and pigment contents. The 
glycolipids and chlorophyll a were found to be increased under optimal conditions. We also investigated mRNA 
expression levels of genes involved in EPA synthesis by quantitative real-time PCR and confirmed their positive 
contribution to EPA production. 
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Polyhydroxyalkanoate(PHA) is bio-degradable macromolecule which is regarded as alternative plastic materials. 
In this study, wastewater derived from food waste was used to produce PHA by Halomonas sp., and investigated 
of volatile fatty acid utilization activities. Halomonas sp. was cultured to produce PHA with the lactate, acetate, 
butyrate and propionate as major carbon sources to increase of biomass and PHA production. As a result, Each 
organic acid was prepared at 3,6,9 g/L, and the incubation was based on this and found to have the highest bacterial 
growth and PHA production when acetate was used as a carbon source. In addition, the difference in PHA 
production and the growth of strains when present in a mixed organic acid state found that the PHA production 
was the highest when the lactate and acetate were mixed, and the organic acid utilization of the lactate and acetate 
did not interfere with each other. Since then, the composition of organic acids of wastewater including three 
different compositions generated by each process was analyzed to apply actual wastewater from food waste. As a 
result, the total concentration of organic acids in the first case was about 10 g/L, with lactate accounting for more 
than 70%. The second and third wastewater contain about 3 g/L and 2.2 g/L organic acids, respectively, with 
acetate accounting for more than 80%, and little lactate. Each wastewater was evaluated for PHA production, 
result in production of biomass was 2.9 g/L and PHA content was 44% based on second wastewater. These results 
suggest that application of wastewater derived from food waste could applied for production of PHA and reduce 
additional cost by glucose based fermentation.  
** 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) and the R&D Program for Forest 
Science Technology [grant number 2020261C10-2122-AC02] provided by Korea Forest Service. 
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 P0545   Chitosan Hydrogel Capsule for Enzyme Immobilization 

 
Amos K. DWAMENA, Chang Sup KIM 
Department of Chemical & Biological Engineering, Hanbat National University, Daejeon, Korea 
Corresponding Author Email : changskim@hanbat.ac.kr 
 
Although biocompatible natural polymer hydrogel beads, such as starch, cellulose, chitosan, and alginic acid, are 
being actively researched to prepare a carrier for enzyme immobilization, those existing natural polymer hydrogels 
have low mechanical strength, and therefore there is a limit to the field of application. Nevertheless, in the existing 
methods for preparing an enzyme-immobilized carrier for food processing, chitosan beads, which are cationic 
polymers, or alginic acid beads, which are anionic polymers, are mainly used, but there are problems such as (1) 
weak mechanical strength, (2) weak chemical stability, (3) low volume efficiency, or (4) low enzyme loading rate. 
After preparing a shell-formed chitosan hydrogel capsule using an SDS solution as an anionic surfactant, a porous 
chitosan hydrogel capsule was prepared by replacing the anionic surfactant with hydroxide ions in this study. We 
investigated that it can be used as a carrier for enzyme immobilization. The chitosan hydrogel capsule for enzyme 
immobilization applied not only has excellent enzyme immobilization efficiency and enzyme activity, but also 
has excellent mechanical strength, thermal stability and long-term storage stability. 
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The optimization of culture conditions is a necessary step in biosynthesis after an expression system has been 
designed. This ensures that engineered microbes utilize media efficiently and ensure the healthy balance between 
cell growth and high expression of recombinant protein. Green fluorescence protein (GFP) was used as a reporter 
gene and is not toxic to the cell, however, viral fusion peptide is known to be toxic to cell growth. In this study, 
we determine the culture conditions (temperature and shaking speed) which will result in optimal GFP and FP 
expression with high protein yield without compromising cell growth. Of the cultures studied, three batches 
harbored the single-plasmid co-expression system, three had the double-plasmid co-expression system and the 
other two served as control. Five temperature and shaking conditions were evaluated. The combination of 200 
rpm and 37 ºC gave the highest protein yield and fluorescence, however, this condition is not conducive because 
high expression temperatures may lead to misfolded inclusion bodies and increased proteolysis. Though 130 rpm 
/ 23 ºC is conducive for protein production, it gave lower fluorescence. Optimum cell growth and protein 
concentration patterns resulted from 170 rpm / 28 ºC and was the most suitable out of the methods tested for dual 
expression of GFP and FP both in single- and double-plasmid co-expression systems. 
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The cloves are herbs with a refreshing and sweet scent. They include high amount of antioxidants such as 
polyphenols and are often used as tea ingredients, spices, and herbal medicines. In this study, we aimed to 
investigate the possibility of using cloves as a functional cosmetic material. Extract was obtained from dried 
flower buds of clove by heating clove-distilled water mixture (200 g/L) at 60℃ for 2 hours and then removing 
suspended solids by filtration. The total phenolic and total flavonoid contents in the extract were measured. The 
antioxidant capacity of extract was measured by DPPH and ABTS assay. The whitening potency of extract was 
determined by measuring tyrosinase inhibitory activity. To evaluate the anti-wrinkle ability, the inhibitory 
activities of collagenase and elastase were measured. The DPPH and ABTS+ radical scavenging activities were 
73.9% at 9.7 g/L of extract and 100% at 0.1 g/L of extract, respectively. Tyrosinase activity was inhibited by 
56.3% at 19.4 g/L of extract. In the presence of extract, collagenase and elastase activities were decreased by 
88.2% at 19.4 g/L and 80.0% at 4.9 g/L, respectively. The result clearly shows that extracts have high antioxidant 
activity at a relatively low concentration, moderate whitening activity, and marked anti-wrinkle activity. The result 
demonstrates that water extract of clove can be used as a potential material for functional cosmetics. 
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 P0602   Surfactant-free Palladium Nanoparticles on Protein Particle Scaffold as High Performance 
Catalysts 
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Nano-biocomposite which is a combined material of metal nanoparticles and biomaterials has the great potential 
to be used as a good catalyst in various reactions because of its improved catalytic properties including high 
selectivity, durability, and possibility for tandom reactions. Here we report a synthesis and catalytic studies of 
palladium nanoparticles dispersed protein particles (PdNP-PPs). PdNP-PPs were easily synthesized by reducing 
Pd precursor in the presence of the protein particles. Due to the amine functional groups regularly expressed on 
the surface of the protein particles, the synthesized PdNP-PPs have well dispersed small and surfactant-free Pd 
nanoparticles on their surface. The PdNP-PPs exhibited high catalytic activity and good recyclability compared 
with polyvinylpyrrolidone (PVP)-coated Pd nanoparticles in the hydrogenation of p-nitrophenol into p-
aminophenol because of clean and large surface area of Pd nanparticles and stable surface of charge of the protein 
particles. 
 
Keywords : palladium-protein nanocomposites, palladium nanoparticles, protein particles, catalytic performance, 
durability, recyclability 
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 P0603   Microfluidic Production of Multicompartmental Core-shell Hydrogel Microspheres toward 
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We report a simple and rapid microfluidic production for multicompartmental core-shell hydrogel microspheres 
in a single step. We exploit triple emulsion drops with sacrificial oil layers that separate two prepolymer phases, 
forming poly(ethylene glycol) (PEG)-based core-shell microspheres via photopolymerization followed by 
spontaneous removal of the oil layer. Our technique enables generation of monodisperse core-shell microspheres, 
with varying dimension of each compartment by independently and precisely tuning of volumetric flow rates. 
This leads to stable and consistent incorporation of functional moieties in the core compartment with negligible 
cross-contamination into the shell compartment. Selective conjugation of biomolecules is achieved through a rapid 
biorthogonal reaction with functional groups in the core compartment with minimal non-specific adsorption. 
Finally, In-depth study for protein conjugation kinetics using microspheres with varying shell porosity highlight 
the capability to provide tunable size-selective diffusion barriers by simple tuning of prepolymer compositions 
for the shell compartment. 
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 P0604   Facile Fabrication of Stimuli-responsive Nanoparticles for Peptide Delivery 

 
Donghun SHIN, Seungki LEE, Ji Hyeon OH, Sunho HONG, Jungwoo CHOE, Inhee CHOI 
Department of Life Science, University of Seoul, Seoul, Korea 
Corresponding Author Email : inheechoi1@uos.ac.kr 
 
Stimuli-responsive nanocarriers have been extensively studied to enhance controlled molecular delivery [1,2]. To 
this end, hydrogels have considered to be promising since they can store various cargos with minimizing the loss 
of activity. Here, we present the stimuli-responsive collagen-based nanoparticles (CNPs) via facile radical 
polymerization. CNPs are composed of biocompatible fish-derived collagen and thermo-sensitive polymers (i.e., 
N-isopropylacrylamide) to fabricate thermo-responsive nanoparticles. By adding gold precursor ions in a synthetic 
solution, hybrid nanoparticles integrated with light-responsive gold nanoparticles are easily obtained. 
Physicochemical properties including morphology and degree of integration between the building components 
are tuned to optimize the stimuli-responsive hybrid nanoparticles. The peptide loading efficiency of synthesized 
nanoparticles are calculated and stimuli-responsive release are investigated. Finally, we show that effective 
cellular delivery is achieved in presence of light- or thermo-stimuli without any cytotoxic issue. Collectively, we 
expect that the proposed hybrid nanoparticles would be beneficial in performing controlled peptide delivery. 
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 P0605   The Improvement of Skin Inflammation by Taxifolin in Psoriasis Model using TNF-α/IL-
17A/IFN-γ Induced HaCaT Cells 
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Taxifolin, a type of flavonoid compound of Hovenia dulcis Thunb., has pharmacological effects such as anti-
inflammatory, anti-oxidant, anti-viral, anti-tumor and whitening activities. Recently, several animal clinical 
reports of taxifolin suggest its role on reducing the severity of psoriasis, but the available evidence on 
cellular/molecular level of taxifolin is unclear. Therefore, this study was investigated the mechanism of action on 
the skin improvement and psoriatic skin regulation by taxifolin. Taxifolin significantly decreased mRNA levels 
of cytokines (IL-1α/β/-8) and chemokine(CCL20) in the TNF-α-induced HaCaT keratinocyte and inhibited 
phosphorylation of MAPK, IκB and STAT3. Furthermore, taxifolin specifically reduced the mRNA levels of IL-
1α/β/-6/-8 and CCL20 in TNF-α/IL-17/IFN-γ induced HaCaT cell, strongly suggested its role in treatment of 
psoriasis. From these results, we confirmed that taxifolin has a function on the regulation of psoriatic skin 
inflammation through the MAPK/IκB/STAT3 signal pathway. 
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 P0606   Studies on Anti-inflammatory and Anti-aging activity of Fermented Ligustrum Fructus 
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The dried fruit of Ligustrum lucidum, Ligustici Fructus, is known to have anti-cancer and anti-inflammatory 
properties as well as skin improvement. Phytochemical studies of L. lucidum fruit have resulted in the isolation 
of novel active compounds and the identification of their roles in antioxidant and anti-inflammatory activities. To 
obtain a large amount of active ingredients, Ligustici Fructus extract was fermented under various conditions 
using three types of microorganisms: Galactomyces Reesii, Bacillus methylotrophicus, and Saccharomyces 
cerevisiae. A total of 16 fermented extracts were obtained and effective fermented extracts were screened through 
DPPH/ABTS radical scavenging analysis and nitric oxide analysis. Among them, E-BF-WB (80% EtOH extract 
of Ligustici Fructus fermented without broth by Bacillus methylotrophicus) showed the highest activity. First, E-
BF-WB significantly inhibited the expression of iNOS, COX-2 gene and inflammatory cytokines IL-1α/β/-6 and 
TNF-α in LPS-induced RAW264.7 marcophage cells. In addition, MMP-1/2/3/9 involved in wrinkling was 
significantly reduced in TNF-α-induced Hs68 fibroblasts by E-BF-WB. From these results, we confirmed that E-
BF-WB has antioxidant, anti-inflammatory and skin wrinkle improvement functions. These results suggest that 
E-BF-WB will be developed as a new bio-cosmetic material for skin soothing and anti-aging cosmetics in the 
future. 
 
Keywords : anti-inflammation, Bacillus methylotrophicus, iNOS, Ligustici Fructus, MMP, skin wrinkle 
 
References 
1. Li, G., Zhang, X. A., Zhang, J. F., Chan, C. Y., Yew, D. T. W., He, M. L., Lin, M. C. M, Leung, P. C. & 

Kung, H. F. Ethanol extract of Fructus Ligustri Lucidi promotes osteogenesis of mesenchymal stem cells 
(2010). Phytotherapy Research 24(4), 571-576. 

2. Chen, L., Deng, H., Cui, H., Fang, J., Zuo, Z., Deng, J., & Zhao, L. Inflammatory responses and inflammation-
associated diseases in organs(2018). Oncotarget, 9(6), 7204. 

 
  

552



Convergence of Biotechnologies in the 4th Industrial Revolution Era2021 한국생물공학회 추계학술발표대회 및 국제심포지엄
2021 KSBB Fall Meeting and International Symposium

 P0607   New Enzyme Based Whitening Cosmetics 

 
Zhibek SADYKOVA, Seunghyun HAN, Trang Vu Thien NGUYEN, Heeyeon BAEK, Yong Hwan KIM 
School of Energy and Chemical Engineering, Ulsan National Institute of Science and Technology, Ulsan, Korea 
Corresponding Author Email : metalkim@unist.ac.kr 
 
Oxidative stress is one of the major reasons for premature skin aging that form as a result of an imbalance where 
reactive oxygen species (ROS) suppress the body’s natural antioxidant defense mechanisms. These ROS come 
from both intrinsic and extrinsic sources such as normal metabolism and UV irradiation. Among them, particularly 
superoxide anion radical is known as a highly reactive, unstable, and toxic chemical that can have detrimental 
effects on the skin tissue by causing cellular damage coupled with other reactive species[1]. Thus, the incorporation 
of powerful enzymatic antioxidants such as Superoxide Dismutase (SOD) that converts superoxide radical into 
less harmful species can be useful in biocosmetics applications. 
A gene encoding Mn-SOD from disk abalone (Haliotis discus discus) species was cloned, sequenced, and 
expressed in Escherichia coli BL21 cells and purified using nickel-nitrilotriacetic acid (Ni-NTA) columns[2]. The 
activity and thermodynamic stability (Tm) of SOD were measured using Xanthine/Xanthine Oxidase coupled 
system and Differential Scanning Fluorometry (DSF) methods respectively. The melting temperature (Tm) of SOD 
and produced H2O2 as a result of superoxide dismutation yielded in over 80 °C and up to 300 µM H2O2 in 1h 
reaction respectively. Furthermore, we are trying to expand our study by coupling SOD as both H2O2 supplier and 
scavenger of toxic superoxide radicals in the skin [3]. 
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 P0608   Approach to Soluble Expression of Recombinant Lignin Peroxidase in Escherichia coli by 
Removing Disulfide Bond 
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Lignin peroxidase is the promising enzyme spanning various industries such as cosmetics and biorefinery because 
of its high redox potential which can oxidize phenolic and even non-phenolic compounds. Although its high 
potential to industrial application, it is still challenging because of its complexity in the production, especially 
expression and purification. This complexity is originated from four disulfide bonds of lignin peroxidase which 
expressed as an insoluble form in Escherichia coli requiring unfolding and refolding in vitro. Nevertheless, 
removing disulfide bond by rational design has not been attempted because it is known that disulfide bond 
contributes to stabilize the tertiary structure of proteins. But in our previous study, we obtained the triple mutant 
of PcLiP01 which have incredibly high thermodynamic stability by introducing the interaction between heme and 
neighboring residues. In this study, we designed mutants to remove the disulfide bond of the triple mutant with 
site-directed mutagenesis for soluble expression of recombinant lignin peroxidase in E. coli. 
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Converting carbon dioxide (CO2) into valuable chemicals is one way to retard the rapid increase of CO2 level in 
atmosphere to slow down the global warming. Among them, our team has developed method of converting carbon 
dioxide (CO2) into formate using MeFDH1. MeFDH1 can convert carbon dioxide (CO2) into formate even though 
productivity of formate is particularly lower at low CO2 concentration due to poor affinity to carbon dioxide 
(CO2). RcFDH showing a similar structure to MeFDH1 has higher affinity for carbon dioxide (CO2) with 0.25 (± 
0.03) mM of Michaelis constant (KM) than that of MeFDH1 with 4.96 (± 1.18) mM. So, we found sequences with 
a difference compared to the sequences constituting the known carbon dioxide (CO2) channel of RcFDH through 
structure alignment of MeFDH1 and RcFDH. After that, sequences of MeFDH1 were changed to be identical or 
similar to that of RcFDH through Site Directed Mutagenesis (SDM). Through protein engineering of MeFDH1, 
MeFDH1 mutants showed higher carbon dioxide (CO2) affinity and it leads to enhancement in formate 
productivity. 
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 P0610   Discovery of Hypothetical Proteins of Phanerochaete chrysosporium Secretome as Accessory 
Proteins of Lignin Peroxidase for Lignin Biodegradation 
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The white rot fungus Phanerochaete chrysosporium is one of the well-known lignin biodegrading organisms with 
secretory enzymes lignin peroxidase (LiP) and manganese peroxidase. Lignin utilization using living organisms 
is less efficient because cultivating fungi or harvesting degradation products are not easy. Therefore in vitro lignin 
degradation with native or recombinant LiP from common expression hosts like Escherichia coli or Pichia 
pastoris has been investigated. However, there are also some challenges, for example, low enzyme yields in native 
system, or insoluble expression in recombinant system. Another big problem in in vitro lignin biodegradation is 
that the degradation products are not successfully obtained yet. Therefore, it is estimated that there are 
fundamental differences between in vitro and Mother Nature conditions for lignin degradation. In this study, we 
hypothesized that there will be accessory proteins in the extracellular space of P. chrysosporium that co-work 
with LiP for lignin degradation. We searched all reported hypothetical proteins of the secretome of P. 
chrysosporium and attempted to express these proteins to find any synergistic effects with LiP. 
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 P0611   Analysis of Lipid Acids Contents and Antioxidant Activity of Hydrophobic Extracts of Aurea 
Helianthus Flower 
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Aurea helianthus (AH), one of representative warm-temperature plant in southern Korea, is traditionally used in 
China for various medicinal purposes. The bioactive constituents from aerial parts of the AH have been studied 
by several researchers showing anti-inflammation, immune-modulatory, antioxidant, and whitening effects. 
However, the effects of the hydrophobic extracts of AH flower on the biological activities for cosmetic application 
have not been thoroughly investigated. This study reported the possible utilization of the hydrophobic extracts of 
AH flower extracts (AHF) validated antioxidant and analysis of the lipid acids. The AHF was treated with n-
hexane, chloroform and methanol respectively. Besides component analysis of the extract, the antioxidant 
activities were determined with 2,2-diphenyl-1-picrylhydrazyl (DPPH) free radical scavenging and 2,2'-azino-bis 
(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) radical scavenging assay. The chloroform and methanol extracts 
showed the highest antioxidant activities and active ingredient contents like the total phenolic and flavonoid 
contents. lipid acids analysis was determined maximum in the hexane extracts. Then the biological activity of 
hydrophobic extracts such as anti-inflammatory and anti-bacterial will be further studied. In summary, 
Hydrophobic extracts of AHF are useful plant resources that can provides promising antioxidant and can be used 
as potential natural cosmetics ingredients and healthy foods. 
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Cinnamomum yabunikkei H.Ohba is known as a traditional medicinal plant in Korea. There has been no study 
done about the lipid contents and biological activity in solvent extracts of C. yabunikkei. In this study, the solvent 
extract (hexane, chloroform:methanol(2:1, v/v)) of C. yabunikkei leaf, branch and fruit were investigated for the 
antioxidative activities and their active constituents. The antioxidant properties were evaluated based on 1,1-
diphenyl-2-picrylhydrazyl (DPPH) free radical scavenging, ABTS radical scavenging, and lipid peroxidation 
activity. The branch extract showed the highest DPPH, ABTS, and lipid peroxidation. Antioxidant active 
substances present in solvent extract of C. yabunikkei have been analyzed by GC-MS. In summary, C. 
yabunikkei solvent extracts could be used as potential natural cosmetic ingredient. 
 
Keywords : Cinnamomum yabunikkei H.Ohba, oil extracts, antioxidant activity, hydrophobic extract, cosmetic 
material 
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A microbial cell factory with high yield and productivity are prerequisites for an economically feasible bio-based 
chemical industry. However, cell factories that show a kinetic imbalance between glycolysis and product 
formation pathways are not optimal. Glycolysis activity is highly robust for survival in nature, but is not optimized 
for chemical production. Here, we propose a novel approach to balance glycolytic activity with the product 
formation capacity by precisely controlling expression level of ptsG (encoded glucose transporter) through UTR 
engineering. For various heterologous pathways with different maximum production rates, e.g., n-butanol, 
butyrate, and 2,3-butanediol, glycolytic fluxes could be successfully modulated to maximize yield and 
productivity, while minimizing by-product formation in Escherichia coli. 
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Since peptides are human-friendly and safe substances, they are widely used in pharmaceutical and cosmetic field, 
in addition, many peptides show high physiological activity and their use is increasing due to the fact that they 
are easy to synthesize or modify. Peptidomimetics are compounds whose essential elements mimic a natural 
peptide or protein in 3D space and which retain the ability to interact with the biological target and produce the 
same biological effect. 
Many peptides undergo a peptidomimetic process to improve efficacy or enhance stability. such as acetylation, 
palmitoylation, and are representative variations. 
In this study, we performed a peptidomimetic process to improve the thermal stability and enzyme resistance of 
peptides, to improve thermal stability, we studied peptide modifications such as acetylation and palmitoylation 
and to improve the enzyme resistance to attempts to deformation, such as D-amino acid exchange, cyclization. 
 Each of the modified peptides was confirmed to have improved thermal stability and enzyme resistance, and it 
was confirmed that there was no cell cytotoxicity and the efficacy was equal to or higher than that of the original 
peptide. 
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 P0615   Whitening Effects of GC/MS Components from Scolopendra subspinipes mutilans Fractions 
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This study was performed to determine the whitening effect of several solvent fractions of Scolopedra subspinipes 
mutilans(SSM) extracts. Fractions from ethanol and distilled water extracts of SSM were prepared by a systematic 
fractionation procedure using n-hexane, chloroform, ethyl acetate, n-butanol and d.w. Also, Cholroform, ethyl 
acetate and n-hexane extractions of SSM were analyzed by gas chromatography-mass spectrometry (GC-MS). 
The results demonstrated that 4 components were identified totally in samples, and 4-Hydroxyphenyl acetic 
acid(4-HPAA) was confirmed as a selective component for whitening effect and melanin synthesis in B16F10 
melanoma cells. The 4-HPAA showed the tyrosinase inhibition activity to 77.34% and concentration-dependent. 
These results showed that fractions from SSM and 4-HPAA could be developed as a skin whitening material in 
cosmetics. 
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 P0616   Preparation and Characterization of Poly(ɛ-caprolactone) Microcapsules 
Containing Scolopendra subspinipes Extract 
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Microcapsules could be used in cosmetics, pharmaceutical, quasi drugs and medical applications. Poly(ϵ-
caprolactone) (PCL), a biodegradable and biocompatible polymer is useful to encapsulate a wide range of drugs 
making it material for the preparation of carriers with potential applications in therapeutics. Poly(ϵ-caprolactone) 
microcapusules containing Scolopedera subspinipes Extract were prepared by solvent evaporation method. 
Poly(vinyl alcohol) was used as a emulsifier and dichloromethane was used as a solvent for PCL and Scolopedera 
subspinipes Extract. Image analyzer and scanning electron microscope (SEM) were used to observe the shape and 
surface of microcapsule. Thermal behaviors were studied by using a differential scanning calorimetry (DSC). The 
partical size of microcapsules were measured by PSA(particle size analyzer). Specific peaks of Scolopedera 
subspinipes Extract in microcapsules were confirmed using FT-IR spectra. 
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 P0617   Antioxidant, Antibacterial and Antiviral Properties of Reynoutria japonica Root Extract 
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Reynoutria japonica have been used in Korea, China, and Japan as a folk remedy for menoxenia, skin burn, 
gallstone, hepatitis, inflammation, and osteomyelitis. We investigated the antioxidant, antibacterial and antiviral 
effects of Reynoutria japonica root extract (RJE). RJE showed strong free radical (1,1-diphenyl-2-picrylhydrazyl, 
DPPH) scavenging activity. Also, cell-based detection of reactive oxygen species (ROS) was measured utilizing 
a 2′,7′-dichlorodihydrofluorescein diacetate (DCF-DA) assay. SARS-CoV spike (S), which is a type I membrane-
bound protein, is essential for the viral attachment to the host cell receptor, angiotensin-converting enzyme 2 
(ACE2). RJE significantly blocked the physical interaction of S protein and ACE2 in a dose-dependent manner. 
It also inhibited the infectivity of SARS-CoV-2 in the infection model. Treatment of RJE on E. coli, S. mutans, 
and S. sobrinus cultures showed growth inhibition by 28%, 51%, and 100%, respectively, suggesting a significant 
antimicrobial effect. These results address that RJE can be utilized as a natural ingredient with potential 
antioxidant, antibacterial and antiviral efficacies to improve skin condition and oral hygiene. 
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 P0618   Hamamelis virginiana Extract Protects from PM2.5-induced Inflammation via PAR-2 Signaling 

 
Jiyoung CHOI1, Gi-Yeon HAN1, Dongki YANG2, Joonseok CHA1 
1Research Center, The Garden of Naturalsolution, Osan, Korea, 2Department of Physiology, College of Medicine, 
Gachon University, Incheon, Korea 
Corresponding Author Email : jcha1@naturalsolution.co.kr 
 
Dietary supplements and personal care products to protect from air pollution have been of great interest for 
decades. Epidemiology demonstrated that particulate matters (PM10 and PM2.5) are an actual threat to public health 
worldwide, but the detailed processes that these particles attack the cells are not fully understood. Here, we report 
that measuring intracellular calcium concentration ([Ca2+]i) in human respiratory or skin cells can illustrate 
pollutant challenges by triggering Ca2+ influx in these cells. This signal was generated by protease-activated 
receptor-2 (PAR-2), confirmed by competition analyses, and the extract of Hamamelis virginiana (HVE), a native 
herb of North America, was able to control the calcium response and the expression of PAR-2. The increase of 
nuclear factor-kappa B (NF-κB), and the decrease of cell adhesion components could address severe damage 
status by air pollutants and the protection by HVE. Also, it was confirmed that HVE effectively inhibited ROS 
induced by UVB. The results presented here should help understand the underlying mechanism of PM insults and 
the beneficial effect of standardized HVE as a dietary supplement or cosmetical ingredient. 
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Piperonal with a characteristic cherry-like aroma is a simple aromatic aldehyde compound, which has been widely 
used in flavor and fragrance industries. The aldehyde is also a crucial aroma-imparting molecule of black pepper 
(Piper nigrum). The bioinformatic analysis of P. nigrum transcriptome data predicted a hydratase-lyase with 
conserved cysteine proteinases in excess of 68% identity. The hydratase-lyase catalyzed specific side-chain 
cleavage of 3,4-methylenedioxycinnamic acid (3,4-MDCA) to produce 3,4-methylenedioxybenzaldehyde 
(piperonal) in vitro and in the gene-harboring yeast. The enzyme was named 3,4-MDCA hydratase-lyase 
(PnMCHL) or piperonal synthase. However, purported substrates such as cinnamic, coumaric, caffeic, ferulic, 
and piperic acids did not generate corresponding cleavage products in transgenic yeast. The optimal pH for in-
vitro PnMHL was 7.0, and it had Km value for 317.2 μM and kcat for 2.7 s-1. The enzyme was highly expressed in 
the leaves, followed by fruits.  
** This work was supported by the National Research Foundation of Korea (NRF) grant funded by the Korea 
government (MSIT) (No. 2021R1A5A8029490). 
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 P0620   One-step Production of Butyl Butyrate 
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Butyl butyrate is used as an important compound in industries for producing wines, beverages, foods, and 
perfumes. The current process for butyl butyrate production has been developed as a two-step process, chemical 
processes for the production of butanol and butyrate, which are enzymatically converted to butyl butyrate by 
employing lipases. In this study, alcohol acyltransferases (AATs) were introduced into Clostridium 
acetobutylicum for the one-step production of butyl butyrate from glucose. We selected C. acetobutyrlicum ATCC 
824 as the host for butyl butyrate production, because it effectively provides butanol and butyl-CoA, precursors 
required for the ester production. For the esterification, the SAAT gene and AAAT gene were employed 
from Fragaria x anassa and Malu sp., respectively. Batch culture of the engineered C. acetobutylicum CaSAAT 
showed 50.07 mg/L of butyl butyrate production, while engineered C. acetobutylicum CaAAAT produced 40.60 
mg/L. This study demonstrated the one-step production of butyl butyrate using the engineered C. 
acetobutylicum without external supplementation of precursors.  
** This work was further supported by a grant from the Ministry of Science and ICT (MSIT) through the National 
Research Foundation (NRF) of Korea (NRF- 2019R1A4A102912513). 
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Since ancient times, some plants with antibacterial, anti-inflammatory and antioxidant properties have been used 
in traditional medicine. In this study, the tropical plants from Malaysia were obtained by the International Center 
for Biological Materials Research (IBMRC), and the antibacterial activity of 87 samples was investigated. The 
antibacterial activity was determined by the disc diffusion method using gram-positive and gram-negative 
bacteria. As a result, 6 extracts that significantly represented an inhibition zone against Gram-positive bacteria are 
as follows: Rhodamnia uniflora, Melastoma molle, Ochanostachys amentacea, Syzygium attenuatum, Melastoma 
muticu, Garcinia mangostana. In addition, extracts from G. mangostana and Leea indica showed antibacterial 
activity against Gram-negative bacteria. In conclusion, it was confirmed that extract from G. mangostana has high 
antibacterial activity and can be used as an antimicrobial substance with a wide range because it can be applied to 
both gram-positive and gram-negative. 
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Various Mongolian plant families including Rosaceae, Crassulaceae, Fabaceae are known as medicinal plants, 
which have bioactive properties such as antioxidant, antibacterial and anti-inflammatory. In this study, the 
antioxidant activity of extracts derived from Mongolian plants was investigated, and the 100 samples were 
provided by IBMRC (International Biological Material Research Center). Antioxidant activity was measured by 
ABTS and FRAP methods, and extracts of 6 samples (Saxifraga spinulosa, Salix kochiana, Orostachys 
fimbriata, Salix schwerinii, Chamaerhodos erecta and Potentilla bifurca) with relatively high activity were first 
selected. The extract from S. spinulosa showed the highest antioxidant activity, and the ABTS IC50 and FRAP 
value were found to be 0.1 μg/mL and 290.4 mmol/L, respectively. Finally, the extract of S. spinulosa is expected 
to be beneficially utilized as functional cosmetic materials. 
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Phycocyanin is a natural blue dye commercially used in the food and pharmaceutical industry. Phycocyanin used 
to be produced using microalgae Spirulina sp. however, their characteristics were relatively unstable in higher 
temperature and lower pH, therefore their application was limited. Also, considering the massive production of 
phycocyanin, contamination issues also would be worrisome. In this situation, phycocyanin production from 
extremophile Galdieria sulphuraria have been studied because of its high stability in acidic condition and higher 
temperature, and also its ability to be grown axenic cultivation without any contamination in outdoors. 
However, Galdieria sulphuraria has a rigid cell wall to break, therefore, in this study, the optimization of 
phycocyanin extraction was conducted. To disrupt the cell wall, bead beating and sonication were compared under 
various treatment times. In addition, phycocyanin was extracted with phosphate buffer and the content was 
measured. 
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Ultraviolet (UV) radiation induces melanin synthesis in skin cells as a defensive mechanism to protect the skin. 
Abnormal melanin production can cause pigmentary disorder such as hyperpigmentation. This study was to 
investigate the potential of Cnidium japonicum crude extract (CE) to inhibit melanin formation or melanogenesis. 
Melanogenesis was induced in B16F10 cells via α-MSH. Treatment with C. japanicum CE decreased the melanin 
content and intracellular tyrosinase activity in B16F10 melanoma cells. In addition, there were concentration 
dependent reductions in tyrosinase and MITF expressions in α-MSH-stimulated B16F10 cells. The presence of C. 
japonicum CE has resulted in concentration dependent downregulation of tyrosinase, MITF, TRP-1, and TRP-2 
expressions at the mRNA level. Also, α-MSH-stimulated protein levels of tyrosinase and MITF were decreased 
following C. japonicum CE treatment. In conclusion, the current study reported the anti-melanogenic potential 
of C. japonicum in vitro and provided important results for future studies to utilize C. japonicum as a source of 
anti-photoaging cosmeceuticals. 
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Recently, most of the natural materials used in cosmetics are plant-based materials, and these plant origin active 
ingredients exert protective effects against tanning, freckles, and age spot. Therefore, in the current study solvent 
fractions obtained from C. japonicum crude extract were tested for their ability to reduce melanin production in 
B16F10 cells where the melanogenesis was induced by α-MSH treatment. Treatment with C. japonicum solvent 
fractions resulted in decreased melanin content and intracellular tyrosinase activity in B16F10 melanoma cells. In 
addition, C. japonicum solvent fractions suppressed tyrosinase expression and significantly downregulated the 
mRNA expressions of MITF, TRP-1, and TRP-2 in α-MSH-induced B16F10 cells. At the protein level, the 
tyrosinase levels were reduced significantly in 85% aq. MeOH and n-Hexane-treated cells, and MITF levels were 
decreased significantly only in n-Hexane-treated group. Based on these results, it is suggested that C. 
japonicum hold great deal of potential to be utilized as a promising source of cosmeceuticals with anti-
melanogenic effect. 
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Ultraviolet B irradiation changes multiple molecular cascades in the skin, thereby leading to skin photoaging. 
Exposing human keratinocytes to cytotoxic UVB doses results in alterations in the cell shape, DNA damage, cell 
cycle arrest, extracellular matrix variations and reactive oxygen species (ROS) production. Thus, this study 
explored the protective effects of Santamarine, isolated from Artemisia scoparia, against the photoaging process 
using a well-established cellular photoaging model. Santamarine did not show any toxicity up to a concentration 
of 20 μM. Treatment of Santamarine significantly lessened ROS generation compared with the only UVB-
irradiated control. The presence of santamarine significantly abolished the UVB-stimulated MMP-1 and MMP-3 
at mRNA and protein levels in a dose-dependent fashion. Next, this study investigated the pathway through which 
Santamarine exhibited its anti-photoaging effects. Santamarine diminished the phosphorylation of p38 and JNK 
as well as phosphorylation of c-Fos which forms the activator protein-1 (AP-1) transcription factor. These results 
collectively suggest that Santamarine may serve as a potential anti-photoaging agent by exerting protective effects 
against UVB-induced generation of MMPs in keratinocytes. 
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The halophyte Artemisia scoparia has been used as a folk medicine for the treatment of inflammation, urethritis 
and hemorrhage. Recent studies have shown that A. scoparia had physiological activities such as antioxidant, anti-
inflammatory and anti-obesity. In this study, the effect of A. scoparia on photoaging in HDF cells was investigated 
by using its crude extract and solvent fractions (n-hexane, 85% aq. MeOH, n-BuOH and H₂O). Based on the 
results of this study, A. scoparia was suggested as a potential source for functional raw materials for the cosmetic 
industry. Furthermore, the studies that can verify the active ingredients of A. scoparia will contribute immensely 
to the research and development of cosmeceuticals from halophytes. Also, future studies using A. scoparia as a 
cosmetic material source are expected to produce high value-added resources unknown to applied dermatology 
field and strengthen the competitiveness of the domestic cosmetics industry by while promoting the utilization of 
undervalued coastal wetland plants. 
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Natural seasonings are the recent trend in food industry to replace the synthesized seasonings due to consumer 
preference. However, unexpected results may occur in terms of sensory evaluation and physico-chemical 
properties such as reduced flavor and color change by adding natural seasoning. In this study, by evaluating and 
comparing the antioxidant and antibacterial activities of 10 marine algae extracts, we tried to find a marine alga 
extract that helps to extend the shelf life of salted pollack roe which also can be applied as a functional material 
with antibacterial activity. Among tested species, in DPPH free radical scavenging activity and total polyphenols 
content, Ecklonia cava and Gracilaria verrucosa extracts showed significant antioxidant activity and in paper 
disc diffusion, MIC and MBC tests, Ecklonia cava, Codium flagile and Gracilaria verrucosa extracts showed 
significant antibacterial activity. Based on the current results, marine algae extracts were suggested to help to 
extend the shelf life of salted pollack roe acting as functional materials with antioxidant and antibacterial activities. 
 
Keywords : Artemisia scoparia, B16F10, melanogenesis 
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Pichia pastoris is methylotrophic yeast and a commonly used eukaryotic host system for recombinant protein 
expression. Due to its posttranslational modifications, proper folding and high cell density [1]. Lignin peroxidases 
(EC 1.11.1.14, LiPs), well known enzymes responsible for lignin degradation and a variety of aromatic pollutants 
such as phenolic and non-phenolic substrates by oxidize process [2]. The lignin-degrading enzymes naturally 
produced by white-rot fungus, Phanerochaete chrysosporium. LiPs are the major class of enzymes to degrade 
lignin [2] and play vital role in cosmetics as skin whitening agents (melanin). The present study, gene encoding 
LiPs (1125 bp) from Phanerochaete chrysosporium codon optimised and cloned into methanol oxidise promoter 
vector PPICZα. The cloned vector is confirmed by sequence analysis and further linearized by Sac I restriction 
enzyme. The linearized vector transforms into Pichia pastoris strain X-33 genome by electroporation at 1500 V, 
50 μF and 200 Ω using a Gene Pulser II apparatus in 0.2 cm cuvette and spread on 100 µg/mL zeocin YPDS plate 
incubated for 3-4 days at 30°C [3]. The colonies further grew on higher zeocin concentrations (500, 1000, 1500 
& 2000 µg/mL) for selection of multi copy recombinant. The selection of phenotypic screening was done using 
minimal glucose and methanol medium plates. Integration of LiP gene was confirmed by colony PCR with AOX1 
primers. Lips gene expression of mRNA level studied by RTPCR using gene specific primers and standard genes 
[4]. ACT gene used as normalization and endogenous expression. The expression level compared with native 
vector recombinant, wild type stain and without sample used as negative control. mRNA level of LiPs gene copy 
number increased as compared to control. LiPs expression will be studied on glycerol and methanol medium. 
 
Keywords : lignin peroxidases, phanerochaete chrysosporium, Pichia pastoris, RT-PCR 
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 P0630   Boosting CO Conversion of CO Dehydrogenase with the Fine-tuned Interaction for Artificial 
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Ni-containing carbon monoxide dehydrogenase (CODH) is a promising biocatalyst for CO utilization from real 
flue gases in industrial steel mill, due to the high CO conversion rate (>10,000 s-1) using artificial mediators of 
viologens1. During this biocatalytic carbon conversion, however, poor affinities for viologens are problematic for 
industrial applications. To date, information about biocatalyst-mediator binding mechanism remains still unknown 
even including a variety of viologen-utilizing biocatalysts (hydrogenases, formate dehydrogenases, nitrogenases). 
Here we present the mediator binding site of CODH from Carboxydothermus hydrogenoformans (ChCODH) 
through systematically substituted alanines at protein surface. Moreover, we rationally redesigned ChCODH for 
improved mediator-affinity and turn-over rate, based on mediator binding site. This study would provide better 
understanding mechanisms of gas-utilizing biocatalysts and balancing redox reactions of biocatalysts with low 
mediator cost in industrial applications. 
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Carbon monoxide (CO), one of the important C1 compounds in the chemical/energy industry, is an abundant and 
cheap source of carbon and energy1-3. The Ni-Fe carbon monoxide dehydrogenase (CODH) catalyzing the 
oxidation of CO to CO2 at high rate (>10,000 s-1) is one of the most attractive enzymes for waste CO utilization 
from nature and air pollutants4, but extremely O2-sensitive. To improve O2-tolerance of these CODHs can be a 
key strategy for development of feasible biocatalysts in industrial combustion processes, such as steel mills. Here 
we redesigned substrate tunnels close to the active site (C-cluster) of ChCODH-II (Carboxydothermus 
hydrogenoformans), resulting in an elevated O2-tolerance of Ni-Fe CODH. Our experiments revealed the 
achievement up to 128-fold elevation by in-depth analysis of structural and molecular dynamics. Moreover, we 
demonstrated CO conversion from LDG discharged from Hyundai Steel (one of the world's largest steel 
producers) under near-atmospheric conditions. Our newly designed enzyme will be definitely a working horse in 
the removal of toxic gas from environmental pollutants as well as the conversion of waste CO gas into value-
added chemicals. 
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Methylocystis hirsuta uses methane as an electron donor and oxygen as an electron acceptor to produce 
polyhydroxybutyrate (PHB) under nitrogen-deficient conditions. PHB is one of the biodegradable plastics that 
can be used as a polymer substitute for petroleum-based materials, and PHB production using methane, a 
greenhouse gas, is receiving great attention. Here, the biosynthesis of PHB by Methylocystis hirsuta was 
investigated using CH4 and air or pure O2. M. hirsuta incubated at 200 rpm and 30 °C lying down to better mix 
with gases in the headspace. The rate of oxygen consumption relative to methane consumption rate was 1 : 0.4 in 
the bottle filled with CH4/air, whereas it was 1 : 1.5 in the bottle filled with CH4/O2. The growth of M. hirsuta was 
inhibited when the pH dropped to about 5.5. M. hirsuta was grown up to O.D. (600 nm) =12 and the PHB was 
accumulated up to 45% (w/w of cell dry weight) in the cell. Enhanced PHB production was observed in 1.5 L 
fermenter with continuously purging gas. 
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There are still limitations in the treatment of refractory tumors due to patient-to-patient tumor heterogeneity and 
immunosuppressive tumor microenvironment (TME). This study addresses an improved tumor treatment by the 
combination of irreversible electroporation (IRE) and immune adjuvant, an interferon gene stimulator (STING) 
agonist. Optimal electrical conditions to induce damage-associated molecular patterns (DAMPs) by immunogenic 
cell death (ICD) were determined through in vitro cell experiments. In addition, in an in vivo syngeneic lung 
cancer model, combination therapy of IRE and STING agonists significantly enhanced anticancer effects by 
converting immunosuppressive TMEs to immunogenic TMEs. Therefore, we believe that the combination of 
interventional oncology and immune-oncology has the potential for synergistic cancer immunotherapy. 
 
Keywords : cancer immunotherapy, irreversible electroporation (IRE), stimulator of IFN genes (STING) 
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Antibody-Drug Conjugate (ADC) is a protein drug that specifically delivers highly toxic anticancer drugs to 
cancer tissues. Monomethyl auristatin E (MMAE) is a drug that blocks tubulin polymerization. Although it has 
very strong cytotoxicity, it is being developed as an ADC anticancer agent. A structure called a linker is required 
to attach this drug to a single antibody. As a condition of the linker, it should effectively bind to the drug and at 
the same time not affect the activity of the drug. Currently, chemical linkers have been mainly studied for ADCs 
using MMAE, but most of them are cleavable linkers, which may cause side effects in normal tissues due to the 
bystander effect. To overcome this problem, a new platform of ADC using a recombinant protein linker was 
constructed. This recombinant protein linker spontaneously binds to MMAE through biocompatible binding. In 
this study, by comparing the survival rate of human breast cancer cells, it was confirmed that a recombinant 
protein was prepared and reacted with a drug to show better activity compared to pure MMAE. We have proven 
the promise of tumor-directed tubulin inhibition as a new form of targeted therapy. 
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Metallothionein (MT) protein, well known as an antioxidant protein, consists of about 20 cysteines of all amino 
acids. MT binds to heavy metal ions and serves to protect against stress conditions such as heat, starvation or 
inflammation. Recently, MT has been shown to protect cells from oxidative stress, which is the cause of various 
diseases such as diabetes, cancer, and aging. 
 In this study, we induced the binding of MT, which has the property of binding to the divalent cation metal, with 
the divalent cation Zn of the Zn/DNA nano cluster of the gene delivery system previously studied. We developed 
gene delivery systems as an antioxidant treatment systems to induce a synergistic effect with the antioxidant 
protein MT and heat shock protein 27 expression vector using MT/Zn/DNA complex. In order to increase the 
transduction efficiency of the complex, Tat-MT, a MT fused with Tat, was used. 
This Tat-MT/Zn/DNA complex enhanced intracellular uptake efficiency of DNA into the cell by Tat-MT and 
improved protective effect against damages by reactive oxygen species (ROS). This system may be applied to 
treat diseases caused by oxidative stress. 
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We present lifestyle effects on obesity of Korean adults using data from the 9th KNHANES. According to the 
Korean diabetes association, the number of young diabetic patients under the age of 40 in Korea has been 
increasing to about 20%. Such increase is mainly caused by the rapid increase in the high obesity rate in the 20s 
and 30s whose obesity can prevent by lifestyle improvement [1]. Here we identify factors that affect to obesity 
using the data from the 9th KNHANES. The linear correlation with obesity was analyzed with the Pearson 
correlation coefficient [2]. As a result of performing a correlation analysis on 2287 of 3105 adults under the age 
of 40, excluding non-responders, factors that had a significant correlation (p<0.05) with obesity were diabetes 
(0.33), fasting blood glucose (0.26), and glycated hemoglobin (0.27). Since these three factors are all related to 
diabetes, we concluded that diabetes care is important for obesity control. If people understand blood glucose 
change with lifestyle, we envision that people can prevent obesity, obesity-correlated chronic disease and 
ultimately increase quality of lives. 
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Exosomes are a type of extracellular vesicles with a diameter of 30 to 150 nm, and are secreted by multiple cell 
types. Exosomes can mediate cell-to-cell communication and modulate many physiological and pathological 
processes by carrying biomolecules such as nucleic acids, proteins and metabolites. In particular, bovine milk is 
a readily accessible source for mass production of exosome, and milk-exosomes can effectively deliver 
inflammatory and immunomodulatory active cargo through the gastrointestinal tract in a stable form. Here, we 
investigated the beneficial effects of bovine milk, especially colostrum-derived exosomes in a murine model of 
ulcerative colitis induced by dextran sodium sulfate (DSS). Our results showed that oral gavage of colostrum-
derived exosomes can alleviate colitis symptoms such as abdominal pain, loss weight, diarrhea and rectal bleeding 
by regulating intestinal inflammatory immune responses. Collectively, our findings that bovine colostrum-derived 
exosomes with excellent structural and functional stability offer great potential as natural therapeutics for the 
recovery of colitis, may broaden the applications of milk consumption. 
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 Melatonin (5-methoxy-N-acetyltryptamine), an endogenous hormone molecule, has a variety of biological 
functions, but its poor gastric bioavailability is one of the major factors limiting its oral administration. In the 
present study, we have investigated the functional role of nanosphere loaded with melatonin (MN) to promote the 
cell proliferation and motility in the preventing of inflammatory bowel disease (IBD). In human gastrointestinal 
epithelial HT-29 cells, MN significantly induces the cell proliferation by inducing cell cycle related proteins 
(CDK2, CDK4, cyclin E, cyclin D) and stimulates the migration accompanying the expression of cytoskeletal 
reorganization-related proteins (α-actinin-1, profilin-1, F-actin). Moreover, MN (10 pg/mL) inhibits the pro-
inflammatory cytokines (IL-1β, IL-6, TNF-α) in Raw 264.7 cells induced by lipopolysaccharide, which had shown 
1000-fold higher anti-inflammation efficacy than melatonin. Experimental colitis was induced in mice by adding 
dextran sulfate sodium (DSS, 4%) to their drinking water for 7 days. We demonstrated that MN regulates the 
disease activity index score, body weight loss, and histological inflammation in DSS-treated mice. Interestingly, 
MN promotes the intestinal epithelial restitution via the increased cell proliferation to mitigate the inflammation 
during the mouse colitis. In addition, we suggest that MN treatment significantly restored the colonic bacterial 
family Bacteroidaceae composition augmented by DSS in 16S rRNA gene-based microbiome taxonomic 
profiling. Collectively, these results suggest that MN is a functional drug delivery system of melatonin in the 
regulation of wound healing, proliferation, and inflammatory processes during the IBD pathogenesis. 
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Acid, and Kaempferol on Bisphenol A-induced Apoptotic Cell Death in Normal Human Dermal 
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Grifola frondosa (GF), a species of Basidiomycotina, is widely distributed in Asia and has been used as an 
immunomodulatory, anti-bacterial, and anti-cancer agents. In the present study, we investigated the skin protective 
effect of GF extract in normal human dermal fibroblast (NHDF). We found that GF extract (100 µg/mL) has 
inhibitory effect on the cell death induced by an ecotoxicological endocrine disrupting chemical, bisphenol A 
(BPA) in NHDF. GF extract containing of naringin, hesperidin, chlorogenic acid, and kaempferol revealed by 
UPLC analysis inhibits the production of intracellular reactive oxygen species (ROS) responsible for the 
distinctive activations of the extracellular signal-regulated kinase (ERK) and nuclear factor-kappa B (NF-κB) in 
BPA-stimulated NHDF. In addition, we found that GF extract inhibited the expression of apoptosis related-
proteins (Bax, Bcl-2, and cleaved caspase-3) in BPA-treated NHDF. These results indicate that GF extract is 
functional pharmacological agent that prevents the apoptotic cell death induced by BPA via the inhibition of ROS-
mediated signaling events in human dermal fibroblast. 
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Obesity has become a global epidemic, and overweight is a gateway to obesity. While it has been previously 
suggested that the food sensitivity is associated with obesity by causing chronic inflammation, the detailed effects 
and the mechanisms are not clearly elucidated. Understanding the association between food sensitivity and 
overweight is important for public health, and we studied this association by comparing the levels of total IgGs 
as well as food-specific IgGs (food-sIgG) between overweight and lean groups. We collected serum samples from 
164 healthy participants along with their dietary information and body mass index (BMI). The amount of IgG was 
determined by microarray-based assays and the statistical analysis was carried out by converting the measure 
concentration to decile scores via the Wilcoxon rank-sum test. The total IgG and total food-sIgG scores were 
comparable between the groups (P >0.05), precluding chronic inflammation as the main cause of overweight. On 
the other hand, food-sIgG scores against dairy products and seafood were significantly higher (P <0.05) in the 
overweight group. The dietary information indicates the food-sIgG scores were not associated with the actual 
consumption (P >0.05), suggesting the higher food-sIgG as an indicator of food sensitivity rather than the result 
of higher consumption. This result suggests that the food-elimination therapy based on food sensitivity analysis 
could be effective treatment for overweight individuals. 
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To develop an effective and mechanically robust wound dressing, a poly (vinyl alcohol) (PVA)/methacrylate 
kappa-carrageenan (κ-CaMA) composite hydrogel encapsulated with a chitooligosaccharide (COS) was prepared 
in a cassette via repeated freeze/thaw cycles, photo-crosslinking, and chemical cross-linking. The chemical, 
physical, mechanical, in vitro biocompatibility, in vivo wound-healing properties, and antibacterial activity of 
triple-crosslinked hydrogel were subsequently characterized. The results showed that the PVA/κ-CaMA/COS (Pκ-
CaC) hydrogel had a uniformly thick, highly porous three-dimensional architecture with uniformly distributed 
pores, a high fluid absorption, and retention capacity without disturbing its mechanical stability, and good in vitro 
biocompatibility. Macroscopic images from the full-thickness skin wound model revealed that the wounds dressed 
with the proposed Pκ-CaC hydrogel were completely healed by day 14, while the histomorphological results 
confirmed full re-epithelization and rapid skin-tissue remodeling. This study thus indicates that the composite Pκ-
CaC hydrogel has significant potential for use as a wound dressing. 
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A cellular matrix derived from natural tissue functions as a highly biocompatible and versatile scaffold for wound 
healing application. It provides a complex and highly organized environment with biological signals and physical 
stimuli. Recently, various kinds of tissue/organ decellularized extracellular matrix (dECM) from bovine and 
porcine have been used as a biomedical application to support tissue regeneration but inherit religious restrictions 
and risk of disease transmission to humans. Marine fish-derived dECM is seen as attractive alternatives due to 
their similarity to mammalian physiology, reduced biological risks, and less religious restrictions. The aim of this 
study was to derive a decellularized matrix from the Olive flounder (Paralichthys olivaceus) skin and evaluate its 
suitability as a wound healing application. Olive flounder skin was treated with a series of chemical treatments to 
remove cellular components. Decellularized fish skin (dFS) was characterized and evaluated in vivo to assess its 
biological activities. The mouse wound defect model was used to evaluate the in vivo performance of the dFS 
compared with decellularized porcine skin (dPS). The resultant dFS was shown to enhance wound healing 
compared with the no treatment group and dPS. This study suggests that dFS has potential in skin regenerative 
application. 
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When intracellular delivery of cell-impermeable drugs is available, new drugs can be developed for intracellular 
targets. 30Kc19 is a protein derived from silkworm hemolymph, with a cell-penetrating and cargo delivery 
properties. It has been found that 30Kc19 tends to dimerize at the cell surface and this dimerization is essential 
for cell-penetration. However, the formation of 30Kc19 dimers can be challenging for bulk cargo delivery or for in 
vivo delivery. 30Kc19α, the α-helical domain of 30Kc19, has a smaller size and higher cell-penetrating efficiency 
than 30Kc19. In this study, we developed 30Kc19α-Linker-30Kc19α by connecting two 30Kc19α with a flexible 
linker for efficient dimer formation and cell-penetration. Firstly, optimal peptide linker for dimerization was 
selected. We then compared the cargo delivery capacity of 30Kc19α and 30Kc19α-Linker-30Kc19α. It was 
confirmed that 30Kc19α-Linker-30Kc19α delivered GFP to HeLa cells with higher efficiency than 30Kc19α. In 
addition, in the tumor spheroid model, 30Kc19α-Linker-30Kc19α showed deeper tumor penetration. Therefore, 
we suggest that 30Kc19α-Linker-30Kc19α would be a potential vehicle for intracellular drug delivery. 
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Prostate cancer (PCa) is the second most common cancer among men worldwide [1]. Conventional prostate cancer 
screening methods are prostate-specfic antigen (PSA) test and digital rectal examination (DRE). However, PSA 
test has a very high false positive rate (80%) which causes unnecessary repeated biopsies and DRE is an unpleasant 
procedure [2]. There are many studies that a trained canine olfactory system can detect PCa-specific volatile 
organic compounds (VOC) in PCa patients’ urine, which can be collected non-invasively [3]. Therefore, we 
produced human olfactory receptors (hORs) that detect biomarkers of PCa in Escherichia coli (E.coli), and hORs 
were highly purified and reconstituted in detergent micelles. These hOR-embedded detergent micelles could 
discriminate between urine of healthy controls and PCa patients by tryptophan fluoresence quenching assay [4-
5]. These results indicate that reconstituted hORs can be used as recongnition elements in biosensor. Hence, we 
expect the nanobiosensor that detects urinary VOC biomarkers could be used in hospitals for initial screening PCa 
or at home for self-monitoring using a small drop of urine. 
 
Keywords : prostate cancer, volatile organic compounds, biomarker, urine, human olfactory receptor, detergent 
micelle, biosensor 
 
References 
1. Rebello, R.J et al., Nat Rev Dis Primers. 7, 9 (2021). 
2. Kim, H et al., ACS Nano. 15 (3), 4054-4065 (2021). 
3. Taverna G et al., J Urol. 193(4), 1382-1387 (2015). 
4. Yang, H et al., Biotechnol Bioproc E. 20, 423-430 (2015). 
5. Shin, N et al., Sci Rep. 10, 9064 (2020). 
 
  

591



Convergence of Biotechnologies in the 4th Industrial Revolution Era2021 한국생물공학회 추계학술발표대회 및 국제심포지엄
2021 KSBB Fall Meeting and International Symposium

 P0713   T Cell-derived Nanovesicles for Cancer Immunotherapy 

 
Jihye HONG1, Byung-Soo KIM1,2 
1Interdisciplinary program for Bioengineering, Seoul National University, Seoul, Korea, 2School of Chemical and 
Bioengineering, Seoul National University, Seoul, Korea 
Corresponding Author Email : byungskim@snu.ac.kr 
 
Although T cell therapy is a remarkable breakthrough in cancer immunotherapy, the therapeutic efficacy is limited 
for solid tumors. A major cause of the low efficacy is T cell exhaustion by immunosuppressive mechanisms of 
solid tumors, which are mainly mediated by programmed death-ligand 1 (PD-L1) and transforming growth factor-
beta (TGF-β). Herein, we present T cell-derived nanovesicles (TCNVs) produced by the serial extrusion of 
cytotoxic T cells through membranes with micro/nanosized pores that inhibit T cell exhaustion and exhibit 
antitumoral activity maintained in the immunosuppressive tumor microenvironment (TME). TCNVs, which have 
programmed cell death protein 1 (PD-1) and TGF-β receptor (TGF-βR) on their surface, block PD-L1 on cancer 
cells and scavenge TGF-β in the immunosuppressive TME, thereby preventing cytotoxic T cell exhaustion. In 
addition, TCNVs directly kill cancer cells via granzyme B delivery. TCNVs successfully suppress tumor growth 
in syngeneic solid tumor-bearing mice. Taken together, TCNV offers an effective cancer immunotherapy strategy 
to overcome the tumor’s immunosuppressive mechanisms. 
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Although the demand for information extraction tremendously increases in the field of bioinformatics, 
conventional language model approaches based on general domain corpora are not optimal specifically for 
biomedical information research. We developed a novel pretraining method for language model capable of 
understanding in-depth topics using specific corpora data for biomedical information extraction. Experimental 
methodology information was extracted from research articles on atherosclerotic rat models as a case study. The 
language model was fitted to the case domain by additional training of BioBERT model with 70,000 literature 
data. SQuAD 1.1 and BioASQ7b datasets were cross-validated for fine-tuning, and five sets of Question-
Answering (QA) data were generated for ten research articles each. Fine-tuning with the SQuAD 1.1 dataset 
enhanced the accuracy of the QA task, indicating that the QA dataset volume is a crucial factor. Our model 
outperformed other conventional language models in F1 (62.9), exact match (44.9%), and semantic match (69%) 
scores. Pretraining of this language model with domain-specific data enhances context awareness for biomedical 
information extraction. 
 
Keywords : bioinformatics, information extraction, natural language processing, language model 
 
References 
1. J. Lee, W. Yoon, S. Kim, D. Kim, S. Kim, C. H. So and J. Kang, Bioinformatics. 35, 1234-1240 (2020). 
2. G. Tsatsaronis, G. Balikas, P. Malakasiotis, I. Partalas, M. Zschunke, M. R. Alvers, D. Weissenborn, A. 

Krithara, S. Petridis, D. Polychronopoulos, Y. Almirantis, J. Pavlopoulos, N. Baskiotis, P. Gallinari, T. 
Artiéres, A.-C. N. Ngomo, N. Heino, E. Gaussier, L. Barrio-Alvers, M. Schroeder, I. Androutsopoulos and 
G. Paliouras, BMC Bioinformatics. 16, 138 (2015). 

 
  

593



Convergence of Biotechnologies in the 4th Industrial Revolution Era2021 한국생물공학회 추계학술발표대회 및 국제심포지엄
2021 KSBB Fall Meeting and International Symposium

 P0715   Development of a Loop-mediated Isothermal Amplification (LAMP) Assay for 
Diagnosing Candida auris 

 
Dong June YANG1, Kyu-Sung LEE2, Min ji YANG3, Jeonghun NAM3, Da Hye LIM4, Chae Seung LIM4, Woong 
Sik JANG5 
1Dept. of Medical Device Management and Research, SAIHST, Sungkyunkwan University, Seoul, Korea, 2Dept. of 
Urology, Samsung Medical Center, Sungkyunkwan University School of Medicine, Seoul, Korea, 3Dept. of Song-Do 
Bio-Environmental Engineering, Incheon Jaeneung Univ., Incheon, Korea, 4Dept. of Laboratory Medicine, College 
of Medicine, Korea Univ. Guro Hospital, Seoul, Korea, 5Emergency Medicine, College of Medicine, Korea Univ. 
Guro Hospital, Seoul, Korea 
Corresponding Author Email : plasmid18@korea.ac.kr 
 
A paradigm shift of candidiasis from Candida albicans to non-albicans Candida species has fundamentally 
increased with the advent of Candida auris [1]. The pathogen Candida auris is rapidly gaining clinical 
importance because of its resistance to antifungal treatments and its persistence in hospital environments. 
Therefore, early and accurate diagnosis of candida auris infections is crucial, and however, the fungus has often 
been misidentified by commercial diagnosis method [2]. Currently, blood culture is used as a standard diagnosis 
method to diagnose Candida spp [3]. However, blood culture generally takes 2-4 days. RT-PCR, which is non-
culture-based method, has low sensitivity and specificity [4]. Furthermore, this method takes about 3 hours, 
requiring expensive instruments, and specialized technicians. Loop-mediated isothermal amplification (LAMP) 
is a method for nucleic acid detection with high specificity and sensitivity without the need for specialized 
equipment and high level of skill [5]. Here, we have developed rapid colorimetric candida auris LAMP assay for 
the detection of Candida auris infection. 
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Microneedle (MN) has been desired as a therapeutic device which allow cutaneous administration of various drugs 
with easily and painlessly. Herein, nano-micelle generating dissolvable MN was designed by a biocompatible 
amphiphilic tri-block copolymer. When fabricating with doxorubicin (DOX) in the MN, the hydrophobic 
anticancer drug can be dissolved in an aqueous medium by entrapped in nano-micelles generated by dissolution 
of the MN. The intratumoral administration of the DOX-encapsulated MN can significantly inhibit the growth of 
melanoma in a mouse skin cancer model. Furthermore, owing to its small size (< 50 nm), the nano-micelle can 
efficiently migrate to the sentinel lymph nodes, killing the metastatic skin cancer cells. Therefore, the use of 
locally application of MN can be considered as a promising therapeutic device for the inhibition of metastatic 
melanoma. 
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Many studies have shown that cells are likely to experience genetic or phenotypic variations over generations. 
The only way to prevent this is to keep the cells frozen at extremely low temperatures ( -80℃ to  -196℃). 
However, this cryopreservation method can have a negative effect on cells because it provides cells with an 
extreme environment (high osmotic pressure, physical and chemical stress, etc.). To reduce this negative effect as 
much as possible, CPAs (cryoprotective agents) are used. The most representative CPA is DMSO (dimethyl 
sulfoxide). However, the use of DMSO is somewhat controversial as studies have shown that it may reduce cell 
viability or affect gene expression systems. Therefore, we conducted research to develop preservatives using 
substitute substances other than DMSO. Similar substances were evaluated to select two CPAs as highly 
permeable substances such as DMSO were considered key candidates. These can prevent ice formation and inhibit 
physical damage to cells by removing water from the cells. However, recently, the freeze protection effect of 
antioxidants was confirmed as it has been argued that not only the physical protection of cells but also the chemical 
damage to ROS outbreaks should be controlled. In conclusion, we identified cell-permeable substances that have 
the key effects to replace DMSO, and additionally designed cryopreservation compositions by adding functional 
additives. Like this, we aim to eliminate controversial DMSO when freeze-preserving cells for biopharmaceutical 
production, and to develop products with equal or better freeze-preservation capabilities without using DMSO. 
 
Keywords : cryopreservation, CPAs (cryoprotective agents), DMSO (dimethyl-sulfoxide), antioxidants, ROS 
(reactive oxygen species) 
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Exosomes are extracellular vesicles (EVs) with sizes of about 30-150 nm and have important biological roles in 
intercellular communication and transportation of various biomolecules, including proteins and genetic materials. 
These exosomes have received much attention as a promising biomarker for the diagnosis and treatment of various 
diseases such as diabetic cardiomyopathy and cancer. However, it remains an important challenge to detect 
quickly and precisely exosomes from various body fluids. Therefore, in order to detect separated exosomes, we 
fabricated a liposomal biosensor based on polydiacetylene (PDA) with unique optical properties. PDA is an 
attractive polymer material that exhibits colorimetric and fluorescent transitions in response to external stimuli 
such as temperature, pH, and chemical substances. Since PDA exhibits unique optical properties by biological 
recognition events, an aptamer-conjugated PDA liposome (Apt-PDA) is developed to target EpCAM (Epithelial 
Cell Adhesion Molecule) overexpressed on the surface of cancer-derived exosome. We successfully confirmed 
that the isolated exosomes were detected through the red fluorescence of PDA. Hence, our anti-EpCAM Apt-PDA 
provides a compelling solution for detection of exosomes. 
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Calcium phosphate-based nanoparticles (CaP-NPs) are in demand as carriers in the drug delivery field because of 
their reactivity to pH and high biocompatibility. Plus, we devised a strategy that is specific to cancer cells and can 
reach combinational anticancer therapy through photothermal therapy by using conjugate linking BSA/gold 
nanocluster (BSA-Au NCs), cathepsin B cleavable peptide, GGRRG, and Doxorubicin for CaP nanoparticle 
synthesis. This BSA-Au NCs/GGRRG/DOX CaP-NPs showed marked cytotoxicity in tumor cells overexpressing 
cathepsin B enzyme, while less toxicity in normal cells with little cathepsin B expression. Moreover, it shows a 
higher drug release rate at an acidic pH of 5.0, allowing the drug to quickly reach endosomal escape. These 
nanoparticles were found to have excellent hyperthermal effects in response to near-infrared laser irradiation (808 
nm). Our results demonstrated that the designed nanoparticles exhibit successful tumor-targeting ability and both 
chemo-photothermal therapy are applied to have a strong anticancer effect. 
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Adoptive cell therapy, also known as cellular immunotherapy, has recently attracted attention as a new cancer 
treatment method. Natural killer (NK) cells with the advantage of allogenic transfer are used as a cell therapy 
strategy along with Tumor-Infiltrating Lymphocyte (TIL), Engineered T Cell Receptor (TCR), and Chimeric 
Antigen Receptor (CAR) T Cell. However, for clinical applications, NK cells have problems with low ex 
vivo expansion and NK cell mediated cytotoxicity. 
To enhance NK cell expansion and cell-mediated cytotoxicity, we exposed NK cells to two types of mechanical 
stimuli: vibration and hyper-gravity. Vibration stimulus was calculated by sinusoidal acceleration, and hyper-
gravity stimulus was calculated as g-force. CCK-8 assay was performed to determine whether vibration and hyper-
gravity stimulus affect cell viability. There was no statistically significant decrease in cell viability at all 
intensities. We analyzed changes in the expression of cell-mediated cytotoxicity-related genes (granzyme B, 
perforin, TNF-α, and IFN-γ) and apoptosis related genes (BCL-2, BAX) following exposure of NK cells to two 
types of mechanical stimuli. In both mechanical stimuli, cytotoxicity enhancement and apoptosis inhibitory effects 
were observed. In addition, we are observing the changes in cell-mediated cytotoxicity compared to the control 
group by LDH assay in cancer cells in co-cultures. These findings provide useful insight for improving ex 
vivo expansion of NK cells and enhancing cell-mediated cytotoxicity. 
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Pancreatic cancer is hard to diagnose early and are not easily treated once they spread to other organs. The aptamer 
that have been treated with pancreatic cancer, will be targeted ALPPL2 expressed on the surface of pancreatic 
cancer cell and downregulated the CTHRC1 function by blocking the Smad. We selected the aptamer against 
CTHRC1/ALPPL2 protein. Then, we analyzed the binding structure of the protein-aptamer complex, which is 
confirmed the RNA aptamer bind to the active site of the protein. Aptamers of each binding to CTHRC1/ALPPL2 
were conjugated to produce an aptamer complex with two functions that specifically bind to surface and inhibit 
the growth of pancreatic cancer cell.  
** This research was supported by Basic Science Research Program through the National Research Foundation 
of Korea(NRF) funded by the Ministry of Education(2019R1I1A1A01062365). 
** This work was supported by Korea Institute of Planning and Evaluation for Technology in Food, Agriculture 
and Forestry(IPET) through Crop Viruses and Pests Response Industry Technology Development Program, 
funded by Ministry of Agriculture, Food and Rural Affairs(MAFRA)(321108-04). 
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Vitamin D in the body is a very important factor for bone metabolism and homeostasis of calcium and phosphorus, 
cell differentiation and remission, immunity and hormone regulation. As the association with various diseases 
have been revealed, the demand for test of vitamin D in the body is gradually increasing. Most of the vitamin D 
in the body is complexed with vitamin D binding protein (DBP). Aptamers are oligonucleotides (DNA or RNA) 
that can bind to targets with high affinities and sensitivity. In this study, we developed a DBP-vitamin D complex 
specific aptamer using the SELEX (Systematic Evolution of Ligands of Exponential enrichment) method. In order 
to distinguish the complex from the free DBP, the vitamin D binding site of DBP was identified, and an aptamer 
specific to the vitamin D binding site was selected through molecular docking simulation. In addition, aptamer 
was optimized by removing non-vitamin D binding sites through prediction of aptamer binding to target.  
** This work was supported by the National Research Foundation of Korea(NRF) grant funded by the Korea 
government(MSIT) (No.2021R1F1A1063744). 
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Gene therapy is one of the biopharmaceuticals that can treat diabetes, cancer, rheumatism, and incurable diseases 
by delivering genes such as therapeutic DNA and RNA. To enhance intracellular uptake of nucleotide, nonviral 
gene carrier was developed using cationic polymers, reducible polymers and peptides. However, the use of 
nonviral systems as a gene carrier still requires improvement of toxicity and efficiency. Cellulose 
nanocrystals(CNC) have good biocompatibility and excellent physical properties and are being used in various 
fields including biomaterials, tissue engineering, and drug delivery. In the previous study, we demonstrated 
characteristics, efficiency and applications of Zinc/DNA nanocluster. Thus, we utilized the Zn/DNA nanocluster 
system to develop a gene delivery system using CNC. In this study, a nano self-assembled therapeutic gene 
delivery system was developed using CNC and ZD nanocluster. The formation of the CNC/Zn/DNA complex 
using metallothionein(MT) and heat shock protein 27(HSP27) expression vector was optimized, and its 
transfection efficiency was confirmed. It was also verified the protective effect of CNC/Zn/MT and CNC/ 
Zn/HSP27 complex in the cells exposed oxidative stress after transfection. It may be expected to be a useful gene 
delivery system for the delivery of therapeutic genes. 
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 P0724   LMO2-LDB1 Transcriptional Mediator Activates STAT3 Signaling via GP130-dimerization in 
Glioblastoma Stem Cells 

 
Sung Jin KIM1,2, Cheol Gyu PARK1,2, Sang-Hun CHOI1,2, Seon Yong LEE1,2, Kiyoung EUN1,2, Min Gi PARK1,2, 
Junseok JANG1,2, Hyunggee KIM1,2 
1Department of Biotechnology, College of Life Sciences and Biotechnology, Korea University, Seoul, Korea, 
2Institute of Animal Molecular Biotechnology, Korea University, Seoul, Korea 
Corresponding Author Email : hg-kim@korea.ac.kr 
 
Although the oncogenic role of LIM domain only 2 (LMO2) as a transcriptional regulator is well established, the 
cytosolic functions of LMO2 are not known. Here, we have identified LMO2 as a cytosolic adaptor of signal 
transducer and activator of transcription 3 (STAT3) signaling proteins in glioma stem cells (GSCs) through 
biochemical purification. The interaction between LMO2 and STAT3 signaling proteins, membrane glycoprotein 
(GP130), and Janus kinase (JAK) induces STAT3 activation in a cytokine-independent manner, which activates 
a master regulator of cancer stemness, inhibitor of differentiation 1 (ID1). Furthermore, results from in vitro and in 
vivo studies showed that LMO2-induced ID1 promotes cancer cell migration. Collectively, our findings indicate 
that cytosolic LMO2 induces cytokine-independent STAT3 activation and maintenance of GSC characteristics. 
 
Keywords : LMO2, STAT3, glioblastoma, cancer stem cells, glioma stem cells, cytokine-independent signal 
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CD8+ T cells have been widely used for adoptive cell therapy (ACT) due to their roles in antitumour immunity. 
NIH3T3 is an immortalised mouse embryonic fibroblast cell line, and we previously reported that NIH3T3-
conditioned medium (CM)-educated CTLs dramatically improved CTL-mediated antitumour immunity. Here, we 
further demonstrated that NIH3T3-CM educated CTLs show superior tumour rejection compared to in vivo 
immunised CTLs, injected via intravenously or intraperitoneally. Tail intravenous injection is the most common 
method to perform adoptive cell transfer towards mice. However, the limits are significant: inexperienced 
researcher usually find difficulties to achieve, and the injection volume should always be minimised. Intra-
peritoneal injection can eliminate those limits: it is easier to handle, and injection volume can be more flexible. 
Therefore, we additionally showed that the adoptive cell transfer can be achieved via intraperitoneal injection as 
alternative method if intravenous injection is inferior to perform. 
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Resistance to radiotherapy remains several obstacles in the treatment of high-risk colorectal cancer patients. 
Recent studies have indicated that Neuromedin U (NMU) is over-expressed in various cancers, and contributes 
significantly to cancer growth and development. However, the impact of NMU in colorectal cancer has been rarely 
known. By RNAseq and real-time PCR analysis with colorectal cancer tissues derived from patients, NMU was 
classified as one of differentially expressed genes in radiation resistance of colorectal cancer. In colorectal cancer 
cells, knockdown by NMU siRNA made cells sensitive to radiation and decreased cell biological behavior such 
as proliferation and migration. NMU depletion inhibited nuclear translocation of YAP/TAZ and the expression of 
target genes of YAP/TAZ. On the other hand, NMU overexpression in the cancer cells shows the opposite. 
Therefore, we suggested that NMU is a potential biomarker and therapeutic target of radiation resistance in high-
risk colorectal cancer patients. 
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Glioblastoma (GBM) is a refractory disease which has highly infiltrative characteristic. Over the past decade, 
GBM perivascular niche have been described as a route of dissemination. Here, we investigated that trailed 
membrane structures, namely retraction fibers (RFs), are formed by perivascular enriched extracellular matrix 
(ECM) proteins. By using the anatomical GBM database, we figured out ECM genes are enriched in perivascular 
niche. Among these ECMs, fibronectin (FN) induced RF formation. By disrupting candidate FN-binding integrins, 
integrin α5 was identified as a main regulator of RF formation. De novo RFs were produced at trailing edge, and 
focal adhesions were actively localized in RFs, indicating adhesive force makes RF to remained at the bottom 
surface. Finally, in a microfluidic experiment, migrating cells moved along the residual RFs, suggesting that RFs 
serve a trail for following migrating cells. Altogether, we demonstrated that shedding membrane structures of 
glioblastoma cells are maintained by ECM-integrin adhesion and performed a role as a trail for cell migration. 
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Bone marrow stromal antigen 2 (BST2) is an innate immune molecule involved in anti-viral immune responses 
and is highly expressed on the plasmacytoid dendritic cells (pDCs), a major cell type producing type І IFNs, BST2 
also involved in the regulation of CCR7 and LFA-1 expression on the conventional dendritic cells (cDCs), well 
known professional antigen presenting cells. Because type І IFNs and self-antigen presentation by cDCs are 
important regulating factors in the initiation and progression of autoimmune diseases, we investigated the roles of 
BST2 in the development of autoimmune diseases using collagen-induced arthritis (CIA) model. Compared to 
BST2-hetero (BST2+/-) mice, BST2 deficient (BST2-/-) mice showed significantly lower disease scores and lower 
serum level of collagen-specific immunoglobulins. H&E staining also showed reduce infiltration of inflammatory 
cells in the joints of BST2-/- mice compared to those of BST2-hetero (BST2+/-) mice. Our results suggest that 
BST2 can be a potential therapeutic target for the treatment of autoimmune diseases especially rheumatoid 
arthritis. 
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Glioblastoma is very aggressive and malignant brain tumor and patients’ survival rate is largely worse. There is a 
standard therapy for glioblastoma that is radiation and chemotherapy after surgery. It can help patients live longer 
than before therapy, but that’s all. Glioblastoma stem cells (GSCs) are regarded as a major reason of recurrence 
after standard therapy, so it can be targetable to eradicate tumor. However, to target GSCs, definitive markers of 
GSCs are required because known markers of GSCs are most controversial. Dihydropyrimidinase-related protein 
5 (DRP5) is a mediator of Semaphorin 3A signaling and regulates neurite outgrowth and axon guidance in neural 
developmental process. DRP5 showed specific expression of GSCs and functions for maintaining GSC’s features 
both in vitro and in vivo. Through bioinformatics analysis, we found DRP5 is related to stemness signature such 
as Notch, Hedgehog and Wnt/β-catenin signature and DRP5 regulates target genes of these stemness signatures. 
Our findings suggest that DRP5 is specifically expressed in PN subtype GSCs and it can be regarded as a 
functional marker of PN subtype GSCs. 
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The Jagged-1 (JAG1) is a Notch ligand that contact-dependently activates Notch receptors and regulates cancer 
progression. When Notch receptor activate, NOTCH intracellular domain (NICD) is released through proteolytic 
cleavage and forms transcription complex. Here, we show that JAG1 also releases JAG1 intracellular domain 
(JICD1) and JICD1 forms a transcription complex with DEAD-Box Helicase 17, SMAD Family Member 3, and 
TGFB induced factor homeobox 2. The JICD1 transcription complex binds to the promoter of Sex determining 
region Y-box 2 (SOX2) and regulates transcription of SOX2. JICD1 promotes acquisition of glioblastoma (GBM) 
stem cell properties by JICD1 transcription complex mediated SOX2 expression. JAG1 is highly expressed in 
GBM and induce reverse signal via JICD1 transcription complex. By regulating transcription of SOX2, JICD1 
transcription complex is an important player in the maintenance of GBM properties. The inhibition of JICD1 
transcription complex may be a novel strategy to target Notch signal. 
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A GLP-1 is a kind of therapeutic peptide hormone. However, GLP-1 has a limitation, rapidly degrade in the human 
body due to its own short amino acid sequence. But, By conjugating a protein, the half-life of GLP-1 could be 
dramatically increased. human serum albumin(HSA) has been used to extend the serum half-life of therapeutic 
proteins owing to its exceptionally long serum half-life via the neonatal Fc receptor (FcRn)-mediated recycling 
mechanism. In this study, it was also expected to increase the half-life by conjugating this HSA to GLP-1. 
In a previously published paper, for site-specific conjugation, GLP-1 and HSA conjugation were performed using 
the SPAAC reaction, which is one of Click-Chemistry, and a site-specific HSA-GLP-1 conjugate was successfully 
obtained. However, in the case of protein conjugation using SPAAC, the conjugation yield is low and the reaction 
time is long. In order to overcome these disadvantages, the GLP-1 HSA conjugation was performed using the 
much faster Click-Chemistry reaction, which is reactive group have several times more reactive than SPAAC. For 
the faster reaction, a non-natural amino acid (NNAA) having a appropriate reactive group was introduced into 
GLP-1 through DNA seq mutation and amber codon suppression. 
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In this study, antioxidant and anticancer activities of methanolic extracts from newly isolated freshwater 
microalgae were investigated. First, four microalgal strains in Korea were identified as Mychonastes sp. 246, 
Mychonastes sp. 247, Mychonastes pushpae 248, and Mychonastes sp. 249 through 5.8S-ITS2 gene sequencing 
and their carotenoid contents were analyzed. Then, we accessed antioxidant and anticancer activities of microalgal 
methanolic extracts by DPPH radical scavenging and CCK-8 assay, respectively. We found that the 
genus Mychonastes contained 226~2,607 mg/g, 138~1,594 mg/g, and 126~339 mg/g of b-carotene, lutein, and 
zeaxanthin, respectively. All of the microalgal extracts showed increased antioxidant and anticancer activities in 
a dose-dependent manner. Antioxidant activities of the extracts were 31±7%, 27±8%, 23±7%, and 17±8%, 
respectively, when treated with 50 mg/mL. In addition, the microalgal extracts could effectively inhibit growth of 
all tested A549, BxPC-3, HepG2, and SKOV-3 cancer cells ranged from 16% to 62% when treated with 200 
mg/mL. These results indicated the methanolic extract of four strain of genus Mychonastes could be used as a 
potential natural material as pharmaceutical ingredients. 
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Arginine deiminase (ADI) is an amino-acid degrading enzyme which catalyzes the conversion of L-arginine to L-
citrulline. ADI, originating from Mycoplasma, has been reported to exhibit anti-tumor activity against arginine-
auxotrophic tumors, including melanoma. However, ADI therapy has some limitations such as short serum half-
life, insoluble expression, and intracellular resistance development. Herein, we propose a fusion of 30Kc19α 
protein and ADI to solve these problems. 30Kc19α is a cell-penetrating protein which increases the stability and 
soluble expression of cargo proteins. We constructed pET-23a/ArcA-30Kc19α plasmid, overexpressed ADI-
30Kc19α protein in E. coli system and purified the fusion protein using fast protein liquid chromatography. ADI-
30Kc19α was mainly expressed in soluble form, whereas ADI was expressed in insoluble form. Compared to 
ADI, ADI-30Kc19α showed higher cytotoxicity in melanoma cells after 72 hour treatment. Recombinant ADI-
30Kc19α showed enhanced in vitro stability and penetration into melanoma cells, thus would be a promising 
strategy to improve treatment efficacy in melanoma. 
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 P0734   Sustained Release Microspheres of Anti-VEGF Drugs for the Treatment of Subfoveal Choroidal 
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Among the various material, poly (lactic-co-glycolic acid) (PLGA) is mainly used in the formation of sustained 
release microspheres due to its biodegradability, compatibility, and safety1. 
In this study, we confirmed the treatment ability of AMD, a diease which is caused by vascular endothelial growth 
factor (VEGF) signaling system, by using the PLGA sustained release of microspheres. The anti-VEGF drug, 
Rivoceranib was encapsulated through o/w single emulsion and solvent evaporation method with polymeric 
excipients PLGA. 
In vivo study, the treatment of microspheres of PLGA/rivoceranib significantly inhibits the occurrence and spread 
of new blood vessels in the macular degeneration model. These results suggest that the treatment of sustained 
release microsphere with rivoceranib can be one strategy to treat the wet AMD through drug repositioning. 
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Breast cancer, one of the frequently diagnosed cancer, was ranked second among causes for cancer related death 
in women. Especially, it was low rate of complete treatment due to three types of receptors: estrogen receptor 
(ER), progesterone receptor (PR), and human epidermal growth factor receptor 2 (HER2/neu). Although many 
natural or synthetic drugs were useful for cure of breast cancers, many obstacles, such as low biocompatibility, 
low aqueous solubility, and high toxicity, were occurred inducing side effects containing immunogenicity. 
Therefore, it is need a new nanoplatform to minimize side effects. Exosome was well-known extracelluar vesicle 
that is approximately 50 - 150 nm sized particles and released by variety of cell types and consists of lipid bilayer 
involving various soluble factors such as proteins, DNA, and RNA. Their properties, low immunogenicity, high 
biocompatibility and stable storage were emerged as promising drug delivery vehicles. Present study isolated 
extracellular exosomes from MCF-7 cell culture media and doxorubicin, an antitumor drug, was loaded by two 
types of method, incubation and extrusion. Subsequently, we investigated specific cell selectivity between HaCaT 
and MCF-7 cells. The results indicated that tumor-derived exosomes was useful as a specific drug delivery carrier 
(NRF-2020R1A2C1013069). 
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Specific delivery of anti-tumor drugs (chemical drugs, genetic materials, and proteins) to tumor tissues or cells is 
very important to reduce cytotoxicity and dosage. To find specific tumor-targeting molecules, it will be a very 
important key point in the development of next-generation anticancer drugs. Therefore, we investigated the 
potential of curcumin and its derivatives as a novel cancer-targeting ligand and suitable structure among 
phenylalanine (Ph), cinnamic acid (Ci), coumaric acid (Co), ferulic acid (Fe), and curcumin (Cu) which are 
produced in biosynthesis pathway of curcumin. Dextran grafted with branched polyethylenimine (bPEI) (DP) and 
lysine dendrimer peptide conjugated without (dK) or with PEGylated targeting ligands (dKPh, dKCi, dKCo, 
dKFe, and dKCu) were successfully synthesized and their mixtures formulated in 9.5:0.5, 9:1, and 8:2 w/w ratios 
were used as a targeted gene carrier (DPK, DPKPh, DPKCi, DPKCo, DPKFe, and DPKCu). All tested gene 
carriers showed an excellent DNA-binding capability, DNA protection ability from a nuclease, and exhibited 
condensation ability to compact DNA into uniform nanoparticles. In vitro gene transfection efficiency showed 
that DPKCi, DPKCo, and DPKCu polyplexes were higher than DPK without targeting ligands in MCF-7 and 
SKBr3 breast cancer cells, but not in other cancer cell lines containing SKOV-3, PC3, and DLD-1. Moreover, 
gene transfection of their polyplexes were significantly inhibited after pre-incubation of curcumin or 17α-Estradiol 
in dose-dependent manner. Uptake and endosomal escape of polyplexes was resulted in their targeting 
specificity. In vitro excellent anti-tumor activity of them was due to induced apoptosis via specific delivery of 
psiRNA-hBCL2, which expresses anti-bcl-2 shRNA, and proved by increased caspase-9 and caspase-3. Presented 
results highlighted that curcumin and coumaric acid can specifically target membrane estrogen receptor α and 
target receptor of cinnamic acid is a membrane estrogen receptor α and β. This study demonstrated that DPKCi, 
DPKCo, DPKCu gene delivery system would have great potential for targeted therapy to breast cancer cells, at 
least, MCF-7 and SKBr3 (NRF-2020R1A2C1013069). 
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To enhance the anticancer effect by gene delivery, the present study increased the apoptotic effects by co-delivery 
of antimicrobial peptide (HnMc antimicrobial peptide which may be able to induce mitochondrial apoptosis ) 
using a gene platform grafted with cationic peptides (Hexa-histidine-linear octa-arginine (HLR) or haxa-histidine-
dendrimer octa-arginine (HDR)) to chitosan. In addition, to improve transfection efficiency of delivery carrier to 
Her2/neu-positive cancer cells, we conjugated dendrimeric Her2/neu-targeting peptide (Her2(d2)). The multi-
functionalized gene carriers were comprehensively characterized for their chemical structures, sizes, and gene 
binding capacity as well as blood and cytotoxic compatibility. DNase protection assay was resulted that HLR-
grafted WSC polymers were more predominant than HDR-WSC polymers. Fluorescent microscopy and flow 
cytometry analyses investigated that the Her2(d2) and HLR or HDR-cografted WSC (H-HLR-WSC or H-HDR-
WSC, respectively) were superior in cellular uptake and gene expression in HER2-positive breast cancer cell, SK-
Br-3, while those of them were similar to HLR-WSC and HDR-WSC without Her2(d2) was similar in HER2-
negative cell, MDA-MB-231. The multi-functionalized chitosan proposes that it has a great potential to be used 
as a targeted gene carrier in cancer therapy and clinical applications (NRF-2020R1A2C1013069). 
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 P0738   Specific Targeting Gene Delivery to Cancer Cells Overexpressing Transferrin Receptor 
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Recently, gene delivery system having targeting function at the specific tissue has been newly designed and tried 
the application for gene therapy in wide range of cancers. Gambogic acid(GA) is evaluated as a ligand binding 
with transferrin receptor using HCT116, colon cancer cell line. Targeted gene carrier, GPgWSC(GA-PEG-WSC-
bPEI) tested in this study was successfully synthesized using water soluble chitosan (WSC), branched 
polyethylenimine (bPEI) and PEGylated gambogic acid (GA) as targeting ligand. GPgWSC (GA-PEG-WSC-
bPEI) were prepared with 0.5, 1, 2% of GA ratio and complexed with psiRNA-hBCL2, silencing BCL2 mRNA. 
By results of 1H NMR spectrum, it was checked that GPgWSC was successfully synthesized. From the 
electrophoresis tests, it was identified that GPgWSC has an excellent binding capability with psiRNA-hBCL2 and 
exhibited the condensation ability to compact psiRNA-hBCL2 into uniform nanoparticles. And also, GPgWSC 
was non-toxic in mammalian cells and erythrocytes in the presence of psiRNA-hBCL2. In vitro gene transfection 
efficiency of GPgWSC was higher in HCT116 than in LoVo and MCF-7 cell line. It means that HCT 116 cell line 
overexpresses transferrin receptor binding with gambogic acid used as ligand in this study. GPgWSC showed the 
superior anti-tumor activity due to apoptosis induced as inhibition the expression of BCL-2 protein through 
specific delivery of psiRNA-hBCL2. To confirm the targeting ability of gambogic acid, the competition assay 
was performed by pre-treatment of transferrin protein using GPgWSC/pEGFP complex. GFP expression of 
GPgWSC polyplex was significantly inhibited by pre-incubation of transferrin protein. This result indicates that 
gambogic acid is a potent targeting molecule for transferrin receptor. Above all, this study is a first report that 
gambogic acid is able to be useful as a novel and efficient targeting ligand for transferrin-receptor overexpressing 
at tumor cells (NRF-2020R1A2C1013069). 
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In vitro transcribed (IVT) mRNA is considered as a new gene regulation tool for therapeutic application with its 
rapid expression and low immunogenicity. Natural killer (NK) cells have attracted attention due to 
proinflammatory and cytotoxic function toward solid tumors. Genetically-modified NK cells show high viability 
and tumor targeting ability but there are few reports on optimal IVT mRNA transfection conditions for NK cells. 
We formulated polymeric nanoparticles between cationic polymer, PAsp(DET/CHE) and firefly-luciferase (F-
Luc) mRNA. The polymer contains two moieties; DET triggers endosomal escape and CHE stabilizes particles. 
We introduced the mRNA nanoparticles into KHYG-1, human NK cell line at various transfection conditions of 
dose (50-500ng), N/P ratio (N/P 2-15), and incubation time (4-72hr). Through luminescence measurements, the 
most effective condition showed 1000-fold higher intensities than negative controls. This study provides 
optimal ex vivo transfection conditions for NK cells, which intrinsically exhibit low translation efficacy of mRNA. 
Ultimately, we will advance the next generation cancer therapy using NK cells overexpressing therapeutic 
receptor mRNA. 
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Obesity is a public health problem characterized by increased body weight due to abnormal adipose tissue 
expansion. Natural products with adipogenesis-regulating potential are highly recommended as therapeutic agents 
for obesity treatment. The present study evaluated the synergistic antiadipogenic and anti-lipogenic efficacy of 
standardized rebaudioside A, sativoside, and theasaponin E1 (RASE1) formulationin-vitro inHUVECsusing3T3-
L1preadepocytes, and in-vivo with high fat and carbohydrate diet-induced obesity mice model. Orlistat was used 
as positive control while cells and animals not treated with samples were normal controls. Adipose tissues, liver, 
and blood were analyzed after animal dissection. Results demonstrated that Steviaextracted compounds and green 
tea seed saponin E1 had comparatively higher anti-obesity effects when combined. RASE1 inhibited HUVEC 
proliferation and tube formation in a dose dependent manner by suppressing VEGFR2, NF-kB, PIK3, andCatenin 
beta-1 expression levels. RASE1 significantly inhibited 3T3-L1 adipocyte differentiation and lipid accumulation 
by downregulating adipogenesis and lipogenesis promoting genes. RASE1oral administration significantly 
reduced mice body weight, body fat-pad weights, blood cholesterols and triglycerides levels, ALT, AST glucose, 
insulin, and various adipokines levels compared to untreated controls. RASE1 suppressed adipogenic and lipid 
metabolism gene expressions in mice adipose and liver tissues. Moreover, RASE1 combination enhanced AMP-
activated protein kinase levels in liver and adipose tissues, and in serum adiponectin. Collectively, these results 
revealed that RASE1is a potential therapeutic formulation for treating or preventing obesity. 
 
Keywords : metabolic disorder, synergistic, RASE1, adipokines, AMPK, lipid metabolism 
 
References 
1. Fox, C.S.; Massaro, J.M.; Hoffmann, U.; Pou, K.M.; Maurovich-Horvat, P.; Liu, C.Y.; Vasan, R.S.; Murabito, 

J.M.; Meigs, J.B.; Cupples, L.A. et al. Abdominal visceral and subcutaneous adipose tissue compartments: 
Association with metabolic risk factors in the Framingham Heart Study. Circulation 2007, 116, 39-48. 

2. Fabbrini, E.; Sullivan, S.; Klein, S. Obesity, and nonalcoholic fatty liver disease: biochemical, metabolic, and 
clinical implications. Hepatology 51, 679-689, 2010. 

3. Muir, L.A.; Neeley, C.K.; Meyer, K.A.; Baker, N.A.; Brosius, A.M.; Washabaugh, A.R.; Varban, O.A.; Finks, 
J.F.; Zamarron, B.F.; Flesher, C.G. Adipose tissue fibrosis, hypertrophy, and hyperplasia: Correlations with 
diabetes in human obesity. Obesity 2016, 24, 597-605. 

 
  

619



Convergence of Biotechnologies in the 4th Industrial Revolution Era2021 한국생물공학회 추계학술발표대회 및 국제심포지엄
2021 KSBB Fall Meeting and International Symposium

 P0741   A Comprehensive in vivo and in vitro Investigation of Antibacterial Effects of Green Tea Seed 
Isolated Saponins Against Pathogenic Bacteria 

 
Muhammad Imran KHAN1, Muhammad Zubair KHAN1, Jin Hyuk SHIN1, Ye Won SHIM1, Seong Whan CHO1, 
Tia Sun SHIN2,3, Min Yong KIM3,4, Jong Deog KIM1,3 
1Department of Biotechnology, Chonnam National University, Yeosu, Korea, 2Department of Food Science and 
Nutrition, Chonnam National University, Gwangju, Korea, 3Research center on Anti-Obesity and Health Care, 
Chonnam National University, Yeosu, Korea, 4Department of Refrigeration Engineering, Chonnam National 
University, Yeosu, Korea 
Corresponding Author Email : pasteur@jnu.ac.kr 
 
In present study we investigated the in vitro and in vivo anti-bacterial activities of saponins from green tea seed. 
Green tea seeds were crude extract was prepared in 70% ethanol by continuous reflux in heating mantel for 5 
hours. Green tea seeds saponins mixture contained various saponins were extracted from the crude ethanolic 
extract of green tea seed via column chromatography using macropourus resin (D101). Two fractions of saponins 
i.e., Fr1 and Fr2 our isolated from saponins mixture by Preparative HPLC. Antibacterial activities of the saponin 
mixture and isolated fractions were investigated against Escherichia coli (ATCC 25922), Streptococcus 
mutans (ATCC 25923) and six servers of Salmonella. in vitro antibacterial activities were determined by disc 
diffusion method and growth inhibition in liquid culture using 96-well plate. Minimum inhibitory concentrations 
(MIC) were measured of the saponins mixture and fractions against each bacteria strain. The results shown that 
the green tea extracted saponins mixture and isolated fraction possesses antibacterial effects. Growth inhibition 
of various bacteria was observed in dose dependent manner. Five weeks grown chicken were used for in vivo 
antibacterial activities divided in three groups as control, infected and treatment group. The qRT- PCR analysis 
of the blood and feces samples of the different groups animals shown the presence of bacteria in the infected group 
while reduced expression levels of the bacterial gens were found for the samples of treatment group while no 
bacteria were found in the samples of control group as these animals were not infected with bacteria and used as 
reference. 
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Alzheimer disease (AD) is neurodegenerative disorder and principal type of dementia. Formation of extracellular 
senile plaques and cytoplasmic neurofibrillary tangles (NFT) in brain due to the abnormal production and 
aggregation of amyloid beta (Aß) and tau proteins are the major molecular cause of AD. Paired helical filaments 
(PHF) are formed due to hyperphosphorylation of tau leads to formation of NFT which accumulate, and aggregates 
causing pathological conditions and eventually cause neuronal death. Tau phosphorylation is controlled by several 
genes and proteins. Several kinesis such as GSK3 beta, CDK5 and CAMII, etc are involved in phosphorylation 
of tau and phosphatases such as PH1A, PH1B etc are involved in dephosphorylation of tau, the imbalance of 
which leads to hyperphosphorylation and finally NFT. In this study we elucidate the effects of theasponin E1 on 
the activities andgene’s expression level of kinases and phosphatases involved in the phosphorylation and 
dephosphorylation of tau. The ther-apeutic neuroprotective effects of green tea seed isolated theasaponin E1 was 
examine using SHY-5Y cell lines and HTB2 glial neuron cells. Effect of thaesaponin E1 on the expression level 
of tau generating and phosphorylation promoting genes were investigated by RT- PCR, ELISA, and western 
blotting. Cells were cultured in EMEM media supplemented with 10% FBS in 6-well plate and in-cubated at 37°C 
in a CO2 incubator. Cells were treated with different concentrations of E1andwere processed for checking the 
enzymatic activities, RNA, and proteins extraction. Our results demonstrated that theasaponin E1 significantly 
reduced Aβ concentration and tau hyperphosphorylation in dose-dependent manner by suppressing expression 
level of GSK3 β, CDK5, CAMII, MAPK, EPOE4(E4), PICALM. E1 also enhance expression level of PH-1A and 
TREM2 etc. ELISA and western blotting results shown reduction in APP and Aß and p-tau. Thea saponin also 
reduce the inflammation by suppressing the Nf-kB pathways and reducing the inflammatory cytokines i.e., IL-
1beta, IL-10, TNF-alpha etc. dose dependently. The overall results revealed that E1 significantly reduce Aβ and 
p-tau level hence possesses neuroprotective effects. 
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Poria cocos Wolf (P. cocos Wolf) is used to treat chronic gastritis, edema, nephrosis, gastric atony, acute 
gastroenteric catarrh, dizziness, emesis and vomiting. Triterpenoids are a class of natural compounds produced 
by P. cocos Wolf that contain acyclic 30-carbon precursors. In this study, we investigated the effect of 
triterpenoids (PA, Pachymic acid; DA, Dehydroeburicoic acid; HA, 3-hydroxylanosta-7,9(11),24-trien-21-oic 
acid) on human 5-hydroxytryptamine 3A (5-HT3A) receptor channel activity, which is one of the ligand-gated 
ion channel families. The two-electrode voltage-clamp technique was used to examine 5-HT3A mediated current. 
The inhibitory effect of triterpenoids on 5-HT-induced inward current (I5-HT) occurred in a concentration 
dependent and reversible manner. Finally, inhibition of I5-HT by triterpenoids occurred in a non-competitive 
manner, while inhibition by HA and PA showed more voltage-dependency. Taken together, these results indicate 
that triterpenoids may regulate the expressed 5-HT3A receptors in Xenopus oocytes. Furthermore, this regulation 
of the ligand-gated ion channel activity by triterpenoids may be one of the pharmacological actions of Poria cocos 
Wolf. 
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Antibiotic resistance is one of the greatest global public health problems, especially with regard to Gram-negative 
bacteria (GNB). Increasing attention has been attracted to the dissemination of antibiotic resistance in the 
environment, especially through water. This study investigated on the distribution rate and antibiotic resistance of 
carbapenem-resistant GNB in community wastewater. Wastewater samples were taken at sequentially located 6 
sites of sewage pipe line from a tertiary hospital wastewater treatment plant (WWTP) to a community WWTP. A 
total of 210 carbapenem-resistant GNB were isolated from wastewater at 6 sampling sites. The isolates belonged 
to Pseudomonas spp. (29.0%), Klebsiella pneumoniae (26.7%), Aeromonas hydrophilia 
(20.5%), Enterobacter kovei (18.6%), Raoultella ornithinolytica (3.3%), Kluyvera georgiana (1.4%), 
and Aeromonas caviae (0.5%). Interestingly all carbapenem-resistant A. hydrophilia strains harboring blaGES-5 

gene were isolated only from the site near a hospital WWTP whereas carbapenem-resistant enterobacteriaceae 
carrying blaNDM-5 and blaGES-5 were mainly isolated from the influent and effluent of a community WWTP, 
suggesting microbial sources. This study showed the dissemination of carbapenemase-producing bacteria in the 
community wastewater. 
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Parathyroid hormone (PTH), along with vitamin D and hormones called calcitonin, regulates the body's 
metabolism of calcium and phosphorus. If there is a problem with calcium regulation in the body, parathyroid 
hormone is analyzed through various tests. However, there are difficulties in testing due to the various 
physiological characteristics of PTH. In this study, PTH-specific aptamers were selected by performing SELEX. 
Finally, the binding affinity between the target protein and the aptamer was analyzed through SPR to select three 
optimal aptamers. It was confirmed that PTH was detected by western blotting grafted with the selected aptamer. 
In addition, a model in which the selected aptamer and PTH bind was analyzed through docking simulation, and 
it was confirmed that the selected aptamer binds to different sites of PTH.  
** This work was supported by the National Research Foundation of Korea (NRF) grant funded by the Korea 
government (MSIT) (No.2021R1F1A1063744). 
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There are increasing demands for conductive materials in biophysical environment, especially for bioelectronics 
device applications including neural and cardiac stimulation and recording, electroceuticals, and neural 
prostheses. In order to overcome the mismatch caused by the difference in physical properties and charge carriers 
between conductive materials and biological tissues, there have been lots of trials to bridge this interface [1]. 
Herein, we will review the development of conductive hydrogels for biophysical applications. To construct 
conductive hydrogels, conductive components are doped or blended with hydrogel matrix materials. Specifically, 
this review focuses on conductive hydrogels using nature-inspired materials including silk fibroin [2] and gelatin 
[3]. These nature-inspired conductive hydrogels have good biocompatibility, proper Young’s modulus and 
toughness suitable for designing interface between electronic devices and biological tissues. 
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While next-generation sequencing (NGS) costs have fallen in recent years, cost and complication of computation 
remain substantial obstacles to the use of NGS in bio-medical care and genomic research. The rapidly increasing 
amounts of data available from the new high-throughput methods have made data processing without automated 
pipelines infeasible. Integration of data and analytic resources into workflow systems provides a solution to the 
problem, simplifying the task of data analysis. To address the challenge, we developed a cloud-based workflow 
management system, Bio-Express, to provide a fast and cost-effective analysis on massive genomic data. We 
implemented complex workflows making optimal use of high-performance compute clusters. Bio-Express allows 
users to create multi-step analyses using drag and drop functionality, and modify parameters of pipeline tools. 
Users can also import the Galaxy pipelines into Bio-Express. Bio-Express is a hybrid system, which enables users 
to use both analysis programs for the traditional tools and the MapReduce-based big data analysis programs in a 
single pipeline simultaneously. Thus, the execution of analytics algorithms can be parallelized, which can speed 
up the whole process. We also developed a high-speed data transmission solution, GBox, to transmit a large 
amount of data at a fast rate. GBox has a file transferring speed up to 10 times than normal FTP and HTTP. 
Computer hardware for Bio-Express is 660 CPU cores and 800Tb, which enable 500 jobs to run at the same time. 
Bio-Express is a scalable, cost-effective, and publicly available web service for large-scale genomic data analysis. 
Bio-Express supports reliable and highly scalable execution of sequencing analyses workflows in a fully 
automated manner. Bio-Express provides a user-friendly interface to all genomic scientists to try to select right 
results from NGS platform data. The Bio-Express cloud server is freely available for use from 
https://closha.kobic.re.kr/. 
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Cancer metastasis is the primary reason of tumor-associated deaths. By replicating the precise microenvironment 
of the lymphatic metastasis in vitro, a microfluidic chip containing lymph vessel-blood vessel-tissue (LBT) 
channels was fabricated to provide useful platform for understanding cancer cell migration, colonization, and 
invasion. The middle of the channels were filled with collagen-based hydrogel to mimick the tissues in vivo. 
HUVECs and HLECs were cultivated to form a layer on the side of the hydrogel in the LBT chip. Using this LBT 
chip, the inflammatory cytokine, interleukin 6 (IL-6), and their communication in the lymphatic metastasis were 
successfully confirmed. The IL-6 treatment to various subtypes of breast cancer cells induced epithelial-
mesenchymal transition (EMT) and enhanced the tissue invasion ability (8-fold). Furthermore, the human vein 
endothelial cells growed toward the lymph-vessel channel and the VEGF secretion from human lymphatic 
endothelial cells was observed after IL-6 treatment. This fabricated LBT chip can be applied to study the 
intercellular communication as well as the tumor microenvironment under the variety of extracellular stimuli such 
as inflammatory cytokines, hypoxia, nutrient deficiency, and stromal reactions. 
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Ferroptosis is an iron-dependent, non-apoptotic programmed cell death. Cellular senescence contributes to aging 
and various age-related diseases through the expression of a senescence-associated secretory phenotype (SASP). 
Senescent cells are often resistant to ferroptosis via increased ferritin and impaired ferritinophagy. In this study, 
we investigated whether treatment with JQ1 could remove senescent cells by inducing ferroptosis. We treated 
bleomycin-indueced senescent human dermal fibroblasts(HDFs) with JQ1 and determined whether JQ1 has 
senolytic effects with ferroptosis. At a certain range of JQ1 concentrations, JQ1 treatment reduced the viability 
and decreased SASP expression of senescent cells but did not reduce that of non-senescent cells, indicating that 
JQ1 treatment can selectively eliminate senescent cells. Subsequently, JQ1 treatment reduced the expression of 
ferroptosis-resistance genes and induced lipid peroxidation only in senescent cells. It suggested ferroptosis 
occurred in JQ1’s senolytic pathway. So, these data indicate that JQ1 can eliminate senescent cells via ferroptosis. 
This study suggests ferroptosis as a new mechanism of senolytic therapy. 
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 P0803   Local and Sustained Delivery of Senolytic Drug Inhibits Disc Degeneration and Restores Disc 
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Intervertebral disc (IVD) degeneration (IVDD) is a common cause of chronic low back pain. As conventional 
treatments provide only symptomatic relief, there is a strong demand for more effective treatments of IVDD. One 
clinically relevant mechanism of IVDD pathology is disc cell senescence. Thus, removing senescent disc cells 
with senolytic drug could be an effective treatment for IVDD. Meanwhile, systemic administration of senolytic 
drug can cause systemic toxicity and repeated injections of drug into the IVD may increase morbidity. Therefore, 
a drug delivery system that releases senolytic drug locally for an extended period of time is prepared. This study 
shows that senolytic therapy with local and sustained drug delivery can inhibit IVDD and restore IVD integrity. 
ABT263, a senolytic drug, is loaded in poly(lactic-co-glycolic acid) nanoparticles (PLGA-ABT) and injected 
intradiscally into an injury-induced IVDD rat model. The strategy reduces expressions of pro-inflammatory 
cytokines and matrix proteases, inhibits progression of IVDD, and even restores the IVD tissues. The senolytic 
therapy with local and sustained drug delivery can be a promising treatments for IVDD. 
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Regenerative medicine and tissue engineering have been developed by human mesenchymal stem cells (hMSCs) 
with self-renewal and multipotency. However, the in vivo differentiation of hMSCs to an undesirable cell type 
decreases clinical efficacy. There is a clinical need to develop a method to prevent the unwanted differentiation 
and to resolve clinical unmet needs. Genetic engineering may direct hMSCS to appropriate differentiation with 
improved clinical efficacy. One of the major challenges for genetic modification is an inefficient and unsafe gene 
delivery system. This research synthesized bioinspired calcium phosphate (CaP)-based nanoparticles stabilized 
with a catechol-derivatized hyaluronic acid (dopa-HA) conjugate as a non-viral gene carrier for gene transfection 
to hMSCs for inducing differentiation in a desired cell type. Since bone marrow-derived hMSCS express CD44 
receptors on their cell surface, and HA is a specific ligand for CD44, dopa-HA/CaP achieved higher intracellular 
uptake in hMSCs than branched polyethylenimine (bPEI, MW 25 kDa) with no cytotoxic effects. Dopa-HA/CaP 
nanoparticles formed a stable complex with a plasmid DNA encoding bone morphogenetic protein 2 (BMP-2 
pDNA) and microRNA 148b (miRNA-148b). In addition, they were successfully accumulated in hMSCs and 
induced osteogenesis via increasing level of BMP-2, bone-forming growth factor, and suppression of Noggin, an 
antagonist for BMP-regulated osteogenic differentiation. 
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Recently, the potential toxicity of nanomaterials has attracted a great number of attention, because materials in 
nano-scale dimensions frequently display substantially dissimilar properties compared to manufactured materials 
with the same composition and may have unpredicted adverse effects on cells and tissues. A wide range of 
inorganic or organic nanoparticles with diameters of a few hundred nanometers have been reported to cause 
oxidative injury, inflammatory responses, cellular cytotoxicity, or genotoxicity. A major mechanism responsible 
for these adverse effects is thought to relate oxidative stress, which is often the result of excess intracellular 
reactive oxygen species (ROS). In this study, we developed an antioxidative transfection system minimizing 
cellular oxidative stress for enhanced transfection. 
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Small interfering RNA (siRNA) contributes to RNA interference(RNAi) by inhibiting target gene expression in a 
sequence-specific manner. siRNA delivery system have become increasingly popular for cancer therapy. In this 
study, we used a low molecular weight polyethylenimine (PEI, 1.8 kDa) conjugated with deoxycholic acid (DA). 
A DA-PEI conjugate was further modified with 4-fluorothiophenol (4-FTP) (4-FTP-DA-PEI) to enhance systemic 
siRNA delivery. The thiophenol group would be involved with disulfide bonds between the polymer chains and 
siRNA modified with free thiols (thiol-siRNA) to form and π-π interactions between the pendent aromatic groups 
and coprostane ring of the bile acid. The stabilized TP-DA-PEI conjugate with thiol-siRNA achieved developed 
intracellular uptake, serum stability, and transfection efficiency. Furthermore, it shows high accumulation of TP-
DA-PEI/thiol-siRNA polyplexes and significant tumor growth inhibition effect in tumor-bearing mice after 
systemic administration. 
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Biomaterials mimicking the extracellular matrix (ECM) for cartilage tissue engineering have been broadly studied. 
Among those ECM-like biomaterials, chondroitin sulfate (CS), which is the main component of the cartilage 
ECM, has been paid attention. However, current CS-based hydrogel systems with unsuitable degradation kinetics, 
insufficient mechanical property, and lack of integration remain challenging. In this study, we utilized mussel-
inspired catechol (CA) chemistry to overcome such limitations. Engineered CA functionalized CS hydrogel (CS-
CA) showed tunable physical and mechanical properties, and excellent tissue adhesion. Furthermore, the 
chondrogenic differentiation of human adipose-derived mesenchymal stem cells was promoted by incorporating 
decellularized cartilage tissue dice. Finally, the transplantation of autologous cartilage dice using tissue-adhesive 
CS-CA hydrogels enhanced cartilage integration with host tissue and neo-cartilage formation. Our study showed 
a great potential of the CS-CA hydrogel system for cartilage tissue engineering. 
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While bio-inspired adhesive hydrogels have been applied to various biomedical application, hydrogels 
functionalized with phenolic moieties are limited their application for bone tissue engineering due to lack of their 
mechanical strength and osteoconductivity. In this study, we utilized not only the versatile chemical interactions 
of phenolic moieties but also osteoconductive biomaterials to overcome such limitations. Osteoconductive hybrid 
hydrogel patches were engineered by incorporating inorganic minerals into phenolic hyaluronic acid. The 
engineered hybrid hydrogel patches exhibited improved mechanical strength, reinforced physical properties, and 
prolonged the release of bone morphogenetic protein-2 from hybrid patches. With increased osteoconductivity, 
hybrid patches with minerals enhanced the osteogenic differentiation of human stem cells and promoted new bone 
formation in a critical-sized calvarial defect. Our study demonstrates a translational potential of engineered 
hydrogels for bone regeneration in medical field. 
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Immunomodulation in the local tissue microenvironment plays an important role in macrophage polarization that 
includes its phenotypic expression and pro-healing function. Here, we demonstrate that a lymph node extracellular 
matrix (LNEM) derived from porcine lymph node tissues can sufficiently mimic natural lymph node tissue and 
provide optimal biochemical and biophysical cues for immunomodulation in both two-dimensional (2D) coating 
system and three-dimensional (3D) hydrogel system. The LNEM with intricate extracellular matrix environment 
leads to strengthened immunomodulatory effects and a 3D hydrogel system proves to be more effective than 2D 
coating system. The 3D LNEM induces macrophage elongation and enhances M2-type marker expression. Also, 
the secretion of anti-inflammatory cytokines are increased and phagocytic function is enhanced in macrophages 
cultured in 3D LNEM. Finally, the implantation of an LNEM hydrogel in a mouse volumetric muscle loss model 
facilitates the recruitment of host macrophages to the site of injury and enhances macrophage polarization towards 
the M2 phenotype, which is ideal for tissue regeneration. Therefore, our findings suggest that 3D immune system-
mimicking biomaterials can stimulate M2 macrophage phenotype polarization and give rise to highly functional 
macrophages, making it a useful platform for tissue modeling and wound healing. 
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Cisplatin is a commonly used chemotherapy drug but has a critical nephrotoxic side effect that connected to severe 
acute kidney injury (AKI). Pre-treatment of hypoxia using PHD inhibitor induce activation of hypoxia-inducible 
transcription factor (HIF) and also has a protective effect from AKI, suggesting the possibility of using PHD 
inhibitor as a HIF stabilizer.) [1,2] Therefore, to further use PHD inhibitors as a method of protecting against 
toxicity of cisplatin, it is essential to study the correlation between the degree of HIF pre-activation and reduction 
of nephrotoxicity by cisplatin. 
In this study, to evaluate the protective effect of PHD inhibitors related to HIF-1a activation, FG-4592(PHD 
inhibitor)(5,25uM), and CoCl2 (10,100uM) with Na2SO4 (0.4M) was pre-treated in Proximal tubular epithelial 
cells (HK-2) followed by cisplatin (20,40uM). CCK-8 and LDH assay was performed to determine the extent of 
the toxicity reduction caused by PHD inhibitors. To compare actual HIF-1a trancscriptional activity with gene 
expression, EMSA and RT-qPCR are implemented. In addition, genes associated with apoptosis and kidney 
injuries are analyzed by RT-qPCR. These findings may help to overcome the limitations of cisplatin use by 
expanding the applicability of PHD inhibitors to alleviate cisplatin-induced nephrotoxicity. 
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Natural killer (NK) cells are responsible for the effector function against tumors in innate immune system, 
predominantly mediated by the secretion of lytic granules containing granzyme and perforin at immunological 
synapses. However, strategies for NK cell-immunotherapy still should be developed due to the existing immune 
evasion of tumors by protecting cells from granule uptake and being resistant to NK cell-mediated killing. In this 
study, we designed a direct current electrical stimulation (ES) system using platinum electrodes as a strategy for 
enhancing cytotoxic activity and half-life of NK cells for efficient immunotherapy. ES effects have been studied 
in tissue engineering for bone healing and stem cells by targeting calcium signaling on cell differentiation and 
migration. Exposure to electrical field could induce changes in calcium flux and mediated pathway, which could 
be also indispensable for exocytosis of cytotoxic enzyme and tumor killing in NK cells. Cultured KHYG-1 cells 
were exposed to 1hr direct current ES (voltage range from 0.2 to 1.0V/cm) and effect of stimulation was analyzed 
by cell viability, NK cell-mediated cytotoxicity, and gene expression level of related genes. Gene expression level 
of GZMB was 1.36-fold and 1.58-fold higher without any effects on cell viability, following exposure to ES with 
0.5V/cm and 1.0V/cm, respectively. These findings provide the useful insight regarding the strategies for 
improving NK cell-mediated cytotoxicity through calcium-dependent exocytosis of lytic granules without any 
genetic modification, which need to be further studied as one of the new immunotherapy methods. 
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Silk nanofiber scaffolds have proven its great potential in mechanical properties, biodegradability, biocom-
patibility, and fabrication versatility. Especially, 3D nanofibers maximize porosity, spatial room for cell/ 
biomolecule accessibility, and diagnostic sensitivity. Nevertheless, to achieve 3D nanofiber has had challenges in 
fabrication due to its demanding electrospinning conditions. For this reason, some successful cases are limited to 
synthetic polymers, which are resistant to harsh temperature, pH, voltage environment. Here, the 3D 
electrospinning with natural polymers was attempted by mixing silk protein with starch. Protein-polysaccharide 
combination provides high similarity to physiological 3D extracellular matrix, high chemical versatility, with 
inherent cell interaction. This 3D fiber showed enzyme-controlled degradability in vitro, which is differentiated 
from the synthetic ones. This system is a simple but straightforward approach that does not require complicated 
gadgets, pre- or post-processes, and harsh conditions. However, the flattened scaffold morphologies are still 
observed, so it is necessitated to generate stereoscopically stable 3D scaffolds. 
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Cellulose materials have various advantages such as high surface area, mechanical strength, and biodgradability. 
For this reason, cellulose materials are widely applied in the biomedical application. In particular, cellulose 
materials are utilized in biomedical application such as wound healing and tissue engineering using 3D printing. 
Among cellulosic materials, we made a photo-curable bioink using bacterial cellulose(BC). BC was produced 
by Gluconacetobacter hansenii and was modified into a bio-ink material through a two-step process of carboxy 
methylation and methacrylation. Modification of the fabricated material was confirmed by FT-IR, NMR and TGA 
analysis. I2959 was added to modified methacrylated carboxymethyl cellulose (CMC-MA), which was cured 
using UV after printing. The optimal concentration of CMC-MA bioink was determined by considering the water 
absorption capacity of each ink concentration, and the produced CMC-MA bioink was printable and 
biodegradable. For application to the biomedical field, it was confirmed that there was no effect on the viability 
of cells both before and after printing and curing by cytotoxicity test. In conclusion, we have developed a BC-
based bioink that can be widely applied in the biomedical application due to its advantages such as non-toxic, 
biodegrable and printable. 
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Mussels are effectively operated by creating an acidic environment when adhering with 3,4-dihydroxy-l- 
phenylalanine (DOPA)-thiol redox chemistry for underwater bonding. Similarly, in dental adhesives, phosphoric 
acid-based etching is used for dentin-bonding materials. In view of the similarity between dental adhesives and 
underwater mussel adhesives, the combination of DOPA and thiol chemistry with acid etching can be used to 
overcome one of the most critical issues in dentin medical adhesives. The proposed adhesion method produces 
high adhesion strengths compared to those currently used in dentin and zirconia adhesives. Here, we extend and 
evaluate dentin and zirconia dental adhesives by mixing with mussel (DOPA)-thiol redox chemistry and acid 
etching. 
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Previously, mussel adhesive protein (MAP)-based microneedle platform has been developed, which is the 
minimal invasive method, and it allows to attach to biological tissues by virtue of superior adhesive property. 
Using this platform, it was possible to heal vascular/gastrointestinal wounds or to deliver drug transdermally to 
target tissues. However, the previously developed MAP-based microneedle was difficult to use for highly motile 
or tough tissues, such as the heart due to its low mechanical strength. To overcome this shortcoming, double-
layered structure to polyethylene glycol (PEG)-MAP network was utilized in this research, with a higher 
mechanical strength than the previous microneedle. In addition, through lysine cross-linking, more adhesive 
microneedle was achieved. Through sodium dodecyl sulphate-polyacrylamide gel electrophoresis (SDS-PAGE), 
it was possible to check the bond of the MAP-PEG macromolecule, which indicated high molecular weight. The 
MAP-PEG microneedle patch was formed evenly compared to the previous microneedle patch. Moreover, the 
mechanical strength was measured through the tissue insertion test, and it was confirmed that it was more than 
twice as high as the previous microneedle. Finally, it was found that cytotoxicity of MAP-PEG microneedle was 
very low through confirming 95% or more cells in the live state. 
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The supply of terpenes is often limited by their low extraction yield from natural resources, such as plants. Thus, 
microbial biosynthesis has emerged as an attractive platform for the production of terpenes. Many strategies have 
been applied to engineer microbes to improve terpene production capabilities; however, functional expression of 
heterologous proteins such as cytochrome P450 enzymes (P450s) in microbes is amajor obstacle. This study 
reports the successful pairing of cognate chaperones and P450s for functional heterologous expression in 
Saccharomyces cerevisiae. This chaperone pairing was exploited to facilitate the functional assembly of the 
protopanaxadiol (PPD) biosynthesis pathway, which consists of a P450 oxygenase and a P450 reductase redox 
partner originating from Panax ginseng and Arabidopsis thaliana, respectively. We identified several chaperones 
required for protein folding in P. ginseng and A. thaliana and evaluated the impact of the coexpression of the 
corresponding chaperones on the synthesis and activity of PPD biosynthesis enzymes. Expression of a chaperone 
from P. ginseng (PgCPR5), a cognate of PPD biosynthesis enzymes, significantly increased PPD production by 
more than 2.5-fold compared with that in the corresponding control strain. Thus, pairing of chaperoneswith 
heterologous enzymes provides an effective strategy for the construction of challenging biosynthesis pathways 
in yeast. 
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Microspheres are useful in various fields because they can deliver active pharmaceutical ingredients and 
sustainably release them. However, the acidic byproduct produced by the biodegradable polymer causes 
inflammation and cytotoxicity. Here, magnesium hydroxide (MH) was encapsulated in microspheres capping with 
ricinoleic acid (RA) for use as an acid neutralizing regulator. The encapsulation efficiency of RA capped MH 
(RA-MH) was higher than that of the pristine MH. Furthermore, the microspheres containing RA-MH have 
excellent acid neutralization effect compared to the control. We have demonstrated that the cytotoxicity of the 
microspheres containing RA-MH was improved by the acid neutralization in in vitro test. Also, the anti-
inflammatory effect was also evaluated the secretion the anti-inflammatory cytokines. As a result, we believe that 
microspheres containing RA-MH can be applied to drug delivery and tissue engineering for various diseases 
treatment. 
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Cellulose-based films are potential alternatives for synthetic polymer films due to their inherent biocompatibility 
and biodegradability. In this study, to prepare cellulose-based composite films, cellulose was blended with various 
biopolymers by co-dissolution in 1-ethyl-3-methylimidazolium acetate, followed by coagulation with ethanol. 
Various cellulose-based films were obtained by blending bacterial cellulose, cyclodextrin, dextran, starch, 
agarose, agar, arabic gum, carrageenan, chitosan, tragacanth gum, xanthan gum, xylan, lignin, gelatin, collagen, 
and silk. According to the blended biopolymer type, the cellulose-based films showed different physicochemical 
properties including surface morphology, thermal properties, optical properties, and 
hydrophilicity/hydrophobicity. These distinct characteristics of the cellulose-based films affected the adsorption 
efficiency for dyes and proteins and the cytotoxicity for TCMK-1 normal kidney cell. Hence, the cellulose-based 
films blended with biopolymers have potentials as novel basic materials for biosensors, biomedical, 
bioelectronics, and biocatalysts owing to their controllable properties depending on blended biopolymer type. 
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Lettuce (Lactuca sativa) is widely used as a model plant due to advantages such as early flowering, easy 
transfection, tissue culture, and regeneration. Lettuce laticifers forming a pipe-like structure along the vasculature, 
and the cytoplasmic content of laticifers is latex. In lettuce latex, terpenoids (natural rubber and sesquiterpene 
lactone) is synthesized and accumulated as major metabolites. For the heterologous terpenoids production, the 
lettuce laticifer is suitable tissue because of the enriched terpenoids precursors. However, the lettuce laticifer-
specific promoter has not been characterized yet. Here, we identified the promoter of cis-prenyltransferase isoform 
3 (LsCPT3) and CPT-binding protein isoform 2 (LsCBP2), the essential genes in natural rubber biosynthesis. 
From β-glucuronidase (GUS) staining and histochemical sectioning of GUS-stained stem, we proved that 
the LsCPT3 and LsCBP2 promoter enabled to drive GUS expressions exclusively in laticifers. 
The LsCBP2 promoter was about 400 folds stronger than the LsCPT3 promoter in laticifers. 
The LsCBP2 promoter is useful for the latex cell engineering in lettuce.  
** This work was supported by the National Research Foundation of Korea (NRF) grant funded by the Korea 
government (MSIT) (No. 2021R1A5A8029490). 
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A Microneedle (MN) is a micron-sized needle that can penetrate directly through the epidermal layer to the skin 
tissue without pain. As a therapeutic agent, MNs are widely used in transdermal drug delivery system (TDDS) 
because they are convenient, reduce side effect, and painless. Many kinds of MNs have been applied for deliver 
anti-cancer drug, gene or protein. In recent years, Dissolving MNs (DMNs) are studied for targeting cancer cells. 
Using dissolving MNs not only improves the drug bioavailability, but also reduces the first-pass effect on the 
liver. Imidazoquinoline is used for anti-allergic and anti-viral immune-modulator in a way to regulate immune 
response. In this study, we report pluronic-based DMNs which could form nano sized micelles with the 
hydrophobic molecule. Here, resiquimod (R848) and ovalbumin (OVA) were encapsulated in the DMNs to treat 
cancer. Treatment with DMNs containing adjuvant (R848) and antigen (OVA) to the skin of EG7-OVA tumor-
injected mice, induced a significant level of antigen-specific humoral and cellular immunity, resulting in 
significant anti-cancer activity. 
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Levan is found in various plants and microorganisms, mainly composed of sucrose linked by β-(2→6) glycosidic 
bonds and has characteristics such as biocompatibility and adhesion. Furthermore, levan is a substance known to 
have anti-inflammatory, antioxidant, and anti-cancer properties. Coaxial electrospinning is an effective, fast and 
controlled technique to construct core-shell nanostructures into nanofibers. In this study, the core-shell type 
nanofibers with increased flexibility and durability were manufactured using cellulose acetate (CA). Levan with 
adhesive and bioactive properties was used as sheath fluid and the CA was used as a core fluid for flexibility and 
fiber stabilization to manufacture nanofiber matrix. The levan based core-shell nanofiber matrix composed of non-
crosslinked and crosslinked by citric acid treatment was confirmed morphology analysis, mechanical properties 
and adhesion ability. In present work, the levan-based core-shell type nanofiber showed uniform morphology, 
excellent adhesion and mechanical properties. It has shown the possibility of functional materials required in fields 
such as bioengineering and tissue engineering. 
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Alisma Rhizome is a known tradition medication, which has been used for its diuretic, hypolipidemic, anti-
diabetic, and anti-inflammatory purposes for thousands of years. The primary compounds of Alisma Rhizome are 
protostane type triterpenes, such as Alisols A, B or C. We previously demonstrated that Alisol derivatives (Alisols 
A, B, and C) have inhibitory effects on 5-hydroxytryptamine 3A (5-HT3A) currents.1 In this study, we tested the 
effects of a new triterpene, Alisol-F, on human 5-HT3A and nicotinic acetylcholine (nACh) receptor channel 
currents by using Xenopus oocytes expressing these channels. Co-application of Alisol-F inhibited 5-HT3A and 
nACh receptor-mediated inward peak currents. The inhibitory effect of Alisol-F on 5-HT and ACh-induced 
inward peak currents occurred in a reversible and concentration-dependent manner. for the 5-HT3A and nACh 
receptors, respectively. In addition, the inhibition of I5-HT and IACh by Alisol-F occurred noncompetitive and 
voltage insensitive manner. Taken together, these results show that Alisol-F may regulate 5-HT3A and nACh 
receptors channel expressed in Xenopus oocytes. 
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There have been needs for in vitro lung models to rapidly develop new drug or to analyze the association between 
harmful factors (i.e. virus, fine dust, and chemicals) and various lung diseases. In particular, alveolus, the smallest 
unit in which gas exchange occurs in the lung, is very thin tissue composed of three layers: vascular endothelial 
cells, basement membrane, and epithelial cells. Our research group succeeded in fabricating inkjet-printed alveolar 
model with thin and three-layered structure. We have used collagen as the basement membrane material. However, 
due to its weak physical properties, shrinkage and degradation of the collagen hydrogel have occurred during the 
long-term culture of tissues. In this study, we blended collagen type Ⅰ, gelatin methacryloyl, and polyacrylamide 
to fabricate hydrogels with good cell affinity and high mechanical properties. The blended hydrogel had higher 
mechanical properties than collagen hydrogel. Most of the cells in blended hydrogel were alive after 
encapsulation, but cell spreading could not be observed like in the collagen hydrogel. Additional study will be 
conducted for improvement of biocompatibility. 
 
Keywords : In vitro lung model, alveolus, hydrogel, inkjet printing 
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 P0901   UTR (Untranslated Region) Optimization to Improve Recombinant Interferon-β1a Productivity 
in CHO Cells under Mild Hypothermia 

 
Jieun KIM, Yuntae HWANG, Duk Jae OH 
Department of Integrative Bioscience & Biotechnology, Sejong University, Seoul, Korea 
Corresponding Author Email : djoh@sejong.ac.kr 
 
The well-characterized Cold Shock Proteins(CSPs), Cold Inducible RNA binding Protein(CIRP) and RNA 
Binding Motif3(RBM3) are highly expressed in mammalian cells under mild hypothermia. They are known as 
RNA Binding Proteins (RBP) interacting with specific sequences in untranslated region(UTR) and increasing 
their expression level by controlling mRNA stability and translation efficiency. 
Here, we hypothesized that production of recombinant protein could be increased when the motif of 3’UTR 
interacting with CSP are inserted into the 3’UTR of the expression vector. The expression vector containing the 
specific untranslated region(UTR) of the genes, which are reported to increase gene expression by interacting with 
CIRP or RBM3, were constructed and transfected into CHO cells. The results showed that the specific motif in 
3’UTR of thioredoxin(TXN) increased the IFN-β1a production in CHO-K1, and that of eIF5A(eukaryotic 
initiation factor5A) increased the production of it in CHO-S. Moreover, the productivity of IFN-β1a was further 
enhanced under mild hypothermic culture condition. 
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 P0902   Evaluation of Biological Performance in a Newly Developed Single-use Bioreactor, the CELBIC 
System 
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Since the SUB(Single-Use Bioreactor)s have several advantages compared with the conventional stainless steel-
based bioreactors, such as flexibility in scale, low risk of contamination, reduced labors for cleaning/ sterilization, 
and validation/regulation issues, the usage of SUBs for cell culture has been increasing continuously, as the bio-
industry of biopharmaceuticals (proteins, antibodies, cell therapies and gene therapies products) has expanded 
dramatically during recent decades. 
In this study, a newly developed cell culture system, the CELBIC system, driven by multi-directional rocking 
movement is introduced and evaluated its physical and biological performances as a cell culture device. 
Three recombinant cell lines, CHO DG44, CHO-S, and CHO-K1, producing proteins were used for experiments, 
and cell cultures were carried out in four different working volumes of 1 liter, 5 liters, 50 liters, and 250 liters. 
Those cell cultures as the biological evaluation were performed under the conditions chosen from the results of 
evaluation of physical performances of the CELBIC system. For comparison, Erlenmeyer flasks and STR 
bioreactors representing a conventional cell culture device were used as control groups. Productivity was analyzed 
through ELISA and HPLC analysis methods. 
In the CELBIC system, cell cultures could be carried out successfully. In addition, cell growth performances were 
equal or superior to those of the control groups. From the results of biological evaluation, it was found that the 
CELBIC system is a SUB system easy to scale-up and able to cultivate cells specialized in suspension culture for 
producing proteins. 
It is considered that the CELBIC system can be an appealing alternative as a culture device across the 
biopharmaceutical fields including research and industry.  
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 P0903   Development and Evaluation of a 50mL Scale Single-use Multi-bioreactor System with Control 
Functions for Dissolved Oxygen, pH, and Temperature 
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A variety of biopharmaceuticals such as antibodies, proteins, and gene/cell therapeutics have been developed in 
recent decades and demands for them have increased dramatically every year. To meet such demands, it is 
essential to cultivate cells that produce biopharmaceuticals in large-scale bioreactors and it is very important to 
optimize culture conditions for massive production of biopharmaceuticals. Scale-down model, using multi- and 
small size (less than 100 mL) bioreactors, has been an effective tool for applying DOE (Design of Experiment) 
and QbD (Quality by Design) for process optimization of large-scale cell cultures. In this study, a newly developed 
single-use multi-bioreactor system that can control pH and DO (Dissolved Oxygen) with optical sensors, and 
culture temperature of each bioreactor which is expandable to 24 bioreactors is introduced. And the evaluation of 
biological and physical performances of this single-use multi-bioreactor system are explored. Ultimately, this 
research implies that the newly developed cell culture system can be a practical tool for optimization of cell culture 
process in the biopharmaceutics industry. 
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 P0904   Fluidized Bed Culture System Using Microcarriers for Adherent Cells 
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Adherent cells are the most common type of animal cells. They are used in many fields such as cell therapy, 
regenerative medicine, and the production of biological products. Thus the demand for them is also growing 
significantly. But the typical stationery (two-dimensional, 2-D) cell culture system is not suitable for large-scale 
culturing of anchorage-dependent cells due to a limited surface area for cell attachment and lack of control for the 
culture environments. To overcome these issues, we used microcarriers with a high surface-to-volume. Most cell 
cultures using microcarriers are cultivated in bioreactor systems. However, the impeller of the bioreactor required 
to maintain homogenous culture conditions causes turbulent flows and high shear forces, which induce negative 
effects on the cells being cultured. Therefore, we tried to cultivate adherent cells using a non-impeller type 3-D 
culture system with liquid flows for floating and mixing of beads, fluidized bed. 
In the fluidized bed cell culture system, the cells well adhered to the microcarriers until the end of the culture, and 
the cells grew well. The fluidized bed cell culture system can be simply scaled up just by increasing the volume 
or size of the column so it can be an option for mass culture of adherent cells. 
 
Keywords : microcarrier cell culture, fluidized bed culture system, 3-D cell culture system 
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 P0905   Directed Evolution of AAV Vectors for Efficient Gene Delivery to Primary Retinal Cells 
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Adeno-associated virus (AAV) is non-pathogenic parvovirus which has been used in several clinical trials because 
of safety and long-term gene expression1. Therefore, AAVs are showing great potential as gene therapy vectors 
for a wide range of retinal diseases. Retinal disease can be the cause of blindness, and retinal pigment epithelial 
cells are known to be involved in the pathogenesis of such diseases. However, a main challenge to gene therapy 
is that functional genes may not be able to transduce large enough target tissues to provide therapeutic effect. To 
overcome this limitation, improving tropism is important and in vitro selection can be an alternative. 
 
Keywords : adeno-associated virus, directed evolution, retinal cell 
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 P0906   Capsid Engineering for Astrocyte Targeting AAV: Rational Design 
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Gene therapy is a novel medical technology that can improve the root cause of a disease. The number of 
pharmaceutical companies working on gene therapy development is increasing worldwide. AAV, which is leading 
platform for delivering genes to target tissues, has a relatively simple genetic structure and is therefore suitable 
for vector engineering1. Recombinant AAV through vector engineering is to humans and is not integrated into the 
host chromosome, so its safety has been non-pathogenic recognized as a therapeutic gene delivery system2. One 
of AAV capsid engineering technologies for delivering therapeutic genes is rational design. Rational design is a 
method to improve tropism between target cells and vectors by fabricating the capsid structure of AAV vectors 
by inserting cell-specific peptide sequences. Here, we aim to advance the field of gene therapy through the 
development of an Astrocyte-specific AAV vector using a rational design. 
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 P0907   2pACA and NAD+ Enhance Cell Growth and Productivity of Antibody-producing CHO Cells 
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Chemically defined media (CDM) are preferred to produce monoclonal antibody (mAb) in Chinese hamster ovary 
(CHO) cells in the aspect of downstream purification and culture process control [1]. However, developing 
optimal CDM is very challenging due to the large number of media components (50-100 compounds) and varied 
nutritional demands in different cell lines (ie. clonal variability) [2]. Furthermore, while a few well-performing 
CDM are commercially available, their compositions are proprietary. In an effort to establish a rapid CDM 
development platform, we tested the effect of two vitamin derivatives, 2-phospho ascorbic acid (2pACA) and 
nicotinamide adenine dinucleotide (NAD+) on mAb-expressing CHO cells adapted in our in-house CDM. The cell 
growth, determined by integral viable cell density (IVCD), increased by 24%, 22%, and 27% in the 2pACA-
treated, NAD+-treated, and both 2pACA and NAD+-treated cultures, respectively, compared to the nontreated 
culture. In addition, the mAb titer increased by 52%, 45%, and 71% in the 2pACA-treated, NAD+-treated, and 
both 2pACA and NAD+-treated cultures, respectively, suggesting a substantial synergistic effect on the mAb 
specific productivity with the 2pACA and NAD+ treatment. These results are probably due to the antioxidant 
effect of 2pACA with high reductive capacity and the improved efficiency of cellular energy metabolism by 
NAD+. 
 
Keywords : Chinese hamster ovary (CHO) cells, monoclonal antibody (mAb), chemically defined media (CDM), 
2-phospho ascorbic acid (2pACA), nicotinamide adenine dinucleotide (NAD) 
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 P0908   Suspension BHK-21 Cell Line Development for Production of Foot-and-mouth Disease Antigen 
in Large-scale Bioreactor 
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The baby hamster kidney-21 (BHK-21) cell line is a continuous cell line used to propagate foot-and-mouth disease 
(FMD) virus for vaccine manufacturing. Suspension cultures enable rapid growth in bioreactors, large-scale and 
cost-effective vaccine production with serum-free medium. Here, we report the successful suspension BHK-21 
cell line development, which reached to 9.21×106 cells/mL viable cell density on day 3 in chemically defined 
medium (CDM). The suspension-adapted BHK-21 cells showed lower cell adhesion properties to five types of 
extracellular matrix (ECM) proteins than adherent BHK-21 cells. Also, most ECM and cell adhesion related genes 
were significantly down-regulated in suspension BHK-21 cells, which contributed to suspension adaptation and 
changes in cell morphology. In addition, CDM led to increased FMD virus production yields in the batch culture, 
even at a cell density of only 3.5×106 cells/mL. Finally, the virus titer was 11×106 TCID50/mL and the 146S 
antigen concentrations were 2.1 μg/mL in the 200L bioreactors using suspension BHK-21 cells. This platform 
technology improved virus productivity, indicating its potential for enhancing FMD vaccine production. 
 
Keywords : Baby hamster kidney cells, Foot-and-Mouth Disease virus, Suspension cell culture, Extracellular 
matrix, Vaccine manufacturing, Bioreactor 
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 P0909   Development of Gut-mucus Chip Mimicking Intestinal Mucosa for Intestinal Absorption Study 
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The intestinal mucosa acts as a barrier to protect the intestinal cells from foreign substances and interferes with 
drug delivery. The Caco-2 based cell culture model is a standard in vitro model system for testing drug uptake. 
However, it is difficult to say that it reflects the actual delivery of drugs in the intestine because it does not consider 
the effect of the mucous membrane. Here, we developed a microfluidic embedded chip using Caco-2 cells coated 
with mucin protein. It was observed that the coated mucin layer was maintained under the flow conditions. In 
addition, the role of the mucus layer as a barrier in the flow environment was confirmed through the study of the 
absorption of the fluorescent material according to the presence of mucin. And the intestinal mucosa adhesion rate 
of particles was compared by applying non-intestinal mucosa-adhering polymer particles and intestinal mucosa-
adhering polymer particles to this system. Caco-2 cells coated with mucus provide a more physiologically realistic 
intestinal epithelial environment to study absorption processes. It is hoped that the mucin-coated gut chip could 
potentially be used as a new, more accurate in vitro model of the gut. 
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 P0910   Scale-up Study of the Non-structural Protein Removal Method Using Chloroform for Foot-and-
mouth Disease Vaccine Production 
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Foot-and-mouth disease (FMD) is an economically important and highly infectious viral disease in most parts of 
the world and is predominantly controlled by immunization strategy. The removal of nonstructural proteins 
(NSPs) is an important process of FMD vaccine because vaccinated and naturally infected animals can be 
distinguished by the presence of NSP antibodies in FMD serological surveillance. Polyethylene glycol method is 
conventionally used to eliminate the NSPs from the FMD vaccine antigens. However, since this method leaves 
residual NSPs, we established a method to remove NSPs by chloroform treatment. The NSPs were not detected 
in treatment with more than 2% chloroform in the FMD virus (FMDV) culture supernatant. It was verified that 
the chloroform treated FMD vaccine eliminated NSPs by animal immunization. For industrial application, the 
mixing volume of the FMDV culture supernatant and chloroform was scaled-up. In a 2 liter bioreactor, 2% of 
chloroform and 2,000rpm of impeller speed were established as an optimal mixing condition. Using an electronic 
mixer, 2% of chloroform and 350rpm of agitator speed were established in a volume of 20 liters.In conclusion, a 
method for removing NSPs with minimum concentration of chloroform was developed. Furthermore, by scaling 
up this, it is expected that FMD vaccine manufacturers could be able to easily produce high-purity FMD vaccines. 
 
Keywords : Foot-and-Mouth Disease (FMD), Foot-and-Mouth Disease Virus (FMDV), Non-structural Proteins 
(NSP) 
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 P0911   Pilot-scale Production of Foot-and-mouth Disease Vaccine Antigen and Its Protective Efficacy in 
Pig 
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Foot-and-mouth disease (FMD) is a highly contagious disease of cloven-hoofed animals throughout the world. 
Korea has maintained a vaccination policy since 2010 and imported FMD vaccines from foreign manufacturers. 
Despite the vaccination policy of the government, FMD outbreaks occurred continuously since 2014. Therefore, 
a novel local vaccine that could cover various topotypes of viruses was required. The two virus strains of 
O/Boeun/SKR/2017 and A/Yeoncheon/SKR/2017 were cultured up to the pilot scale based on the optimized 
conditions set up on the flask scale. The FMDV particles (146S) of 2 ㎍/mL or more were obtained in the virus 
culture supernatant using a 100 L bioreactor. The concentrated viruses were mixed with an adjuvant into a bivalent 
vaccine consisting of 15 ㎍ per strain. The experimental bivalent vaccine showed a broad spectrum of high 
neutralizing antibody titers against heterologous viruses including type O Cathay strain and type A Asia topotypes. 
Its 50% protective dose was determined as 12.5 for O/Boeun/SKR/2017 and 15.6 for A/Yeoncheon/ SKR/2017. 
Taken together, we expect that the bivalent vaccine could protect successfully against FMDV type O and type A 
circulating in South Korea and neighboring countries. This is the first report that the candidate vaccine strains 
were scaled up and its protective efficacy was determined in pigs prior to industrial-scale production. 
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 P0912   Isolation of SARS-CoV-2 Neutralizing Antibodies from a Human Synthetic Library 
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Since the emergence of the COVID-19 infection in Wuhan, China, in 2019, SARS-CoV-2 has become a pandemic 
resulting in a tremendous global threat due to its unprecedented rapid spread and its variants. Here, we used phage 
display to develop human monoclonal antibodies that neutralize SARS-CoV-2. A human synthetic Fab phage 
display library was panned against the RBD and five Fabs showed neutralizing activities on in vitro assays based 
on the Fabs’ activities antagonizing the interaction between RBD and ACE2. The five fabs reformatted with IgG 
were significantly increased their apparent affinity while maintaining non-aggregation properties and thermal 
stability. Furthermore, two of the mAbs (D12 and C2) significantly showed neutralizing activities on pseudo-
typed and authentic SARS-CoV-2. Among them, the C2 IgG showed highly neutralizing activity against SARS-
CoV-2 pseudovirus based variants. Given their desirable properties and neutralizing activities, we anticipate that 
these human anti-SARS-CoV-2 mAbs would be suitable reagents to be further developed as antibody therapeutics 
to treat COVID-19, as well as for diagnostics and research tools. 
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 P0913   High-throughput Cell Culture Platform 
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When producing protein medicines from the production cell line, the composition of the growth of cells and 
protein production as well as changes in quality factors occur, and optimization of cell culture medium is a 
necessary process step to ensure targeted protein quality and high productivity. The cell culture media screening 
platform's cell culture medium screening is performed in the steps of basic media screening, feed media screening, 
and flask confirm. The Cell culture media screening platform is a high-throughput cell culture system (HTS) that 
can search hundreds of different types of badges in a small space, and based on Design of Experiments (DoE), the 
optimal culture rpm and culture volume of HTS was established. This cell culture medium selection is selected 
by applying 100 basic culture mediums and 30 types of feed mediums through a business agreement with 
multinational culture medium manufacturers. Cell line & Media Development Team expects to raise the level of 
bio-medicine development in Korea by addressing the request of the client agency to develop culture medium 
optimized for cell owners at a rapid and efficient cost. 
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Transforming Growth Factor-β1 (TGF-β1) is a multifunctional cytokine involved in various biological activities, 
including differentiation, proliferation, apoptosis and matrix formation in a cell. The demand of TGF-β1 
continuously increases in the biomedical field due to various functions of TGF-β1. Vector engineering is a 
fundamental approach to meet the demand by enhancing the production yield of recombinant proteins. In an effort 
to produce high amounts of the TGF-β1 for industrial application, we have constructed a mammalian expression 
system based on a modified pIRES vector with a murine dihydrofolate reductase (mDHFR) gene inserted for 
MTX-mediated gene amplification system. The signal sequence of TGF-β1 was replaced with that of human 
azurocidin, and a histidine tag was inserted immediately after the signal sequence to facilitate protein purification. 
In addition, woodchuck hepatitis virus post-transcriptional regulation element (wPRE) sequence was incorporated 
at the 3' end of the TGF-β1 expression cassette for enhanced protein expression. As expected, the expression level 
of TGF-β1 was increased using engineered vector with wPRE sequences compared to that standard vector. This 
simple and efficient approach can be used in biomedical industry for the mass production of recombinant protein. 
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Mammalian cell culture is most common industrial process for the production of recombinant proteins. However, 
higher cell density and titer are still limited due to factors such as excessive metabolites production, nutrients 
limitation, and high osmolality. Lactate is the major product from glucose metabolism, and lactate accumulation 
has been demonstrated to inhibit growth rate and negatively affect antibody production in mammalian cells. To 
partly overcome this factor, we investigated a simple method using pH control in Chinese hamster ovary (CHO) 
cells. We performed CHO-DG44 fed-batch cultures under pH conditions (6.9 and 7.0) using rocking bioreactor. 
As a result, cells grown under low pH condition produced lactate approximately 70% lower than cells grown 
under high pH condition. We also found that peak viable cell density (PVCD) and final antibody titer were 
increased in fed-batch culture under low pH condition. Taken together, our results demonstrate that fed-batch 
culture under pH of 6.9 improves the PVCD and titer in CHO cell culture.Mammalian cell culture is most common 
industrial process for the production of recombinant proteins. However, higher cell density and titer are still 
limited due to factors such as excessive metabolites production, nutrients limitation, and high osmolality. Lactate 
is the major product from glucose metabolism, and lactate accumulation has been demonstrated to inhibit growth 
rate and negatively affect antibody production in mammalian cells. To partly overcome this factor, we investigated 
a simple method using pH control in Chinese hamster ovary (CHO) cells. We performed CHO-DG44 fed-batch 
cultures under pH conditions (6.9 and 7.0) using rocking bioreactor. As a result, cells grown under low pH 
condition produced lactate approximately 70% lower than cells grown under high pH condition. We also found 
that peak viable cell density (PVCD) and final antibody titer were increased in fed-batch culture under low pH 
condition. Taken together, our results demonstrate that fed-batch culture under pH of 6.9 improves the PVCD and 
titer in CHO cell culture. 
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High environmental temperatures observed during the summer month reduce bovine reproduction and fertility. In 
this study, we examined the effect of maternal thermal stress on the number of immature oocytes retrieved by 
OPU procedure from Jersey heifers and their subsequent embryo developmental competence. Total 57, 69, 81 
immature oocytes were retrieved from same donors (n = 3) in May (spring), June (early summer) and July 
(summer), respectively. Blastocyst rates were 33.3, 34.8 and 24.8% in spring, early summer and summer, 
respectively. Interestingly, we observed that the number of retrieved oocytes from donors were higher under 
extreme hot temperature (summer) than moderated temperature (spring). In contrast, blastocyst rates were lower 
under the hot weather. It is presumed that the reason for the increased number of retrieved oocytes in summer is 
associated with increased FSH levels by reduced progesterone levels due to impaired corpus luteum. And reduced 
embryo developmental competence in hot weather is thought to be associated with disruption of nuclear and 
cytoplasmic maturation. Taken together, our result suggest that maternal thermal stress affects the number of 
retrieved oocytes from dairy heifers and embryo developmental competence. 
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In this study, we investigated conception rates after timed embryo transfer (ET) with frozen-thawed in vivo 
produced embryos from Holstein and Jersey cattle between 2008 to 2021 by four seasons at our dairy centre 
located in Cheonan-si, South Korea. Frozen-thawed embryos (Holstein; 416, Jersey; 169) were transferred to 
Holstein heifers (age = 12.5 to 31 mo). The conception rate of ET results by breed, Holstein-derived embryos 
(37.7%) tended to be higher than Jersey embryos (35.5%). It is presumed that the reason for the lower conception 
rate in Jersey-derived frozen embryos than Holstein is associated with high intracellular lipid content, causing 
increased damage to embryos during cryopreservation. The conception rate of ET results by four seasons, summer 
(34.9%) and autumn (34.4%) significantly lower than spring (38.7%) and winter (39.6%) (P < 0.05). Interestingly, 
according to the previous study, conception rates in summer decreased by 20-30% compared to other seasons in 
artificial insemination (AI), whereas ET decreased by approximately 7% compared to other seasons in this study. 
It may be advantageous to ET instead of AI in commercial dairy farms under summer heat stress conditions.  
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The Severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2), the identified cause of COVID-19, is 
regarded as an urgent problem throughout the world. Most neutralizing antibodies against SARS-CoV-2 focus on 
interfering with the contact between the spike (S) protein of the virus and its receptor, human angiotensin-
converting enzyme 2 (hACE2). Here, we established a cell line expressing S protein of SARS-CoV-2 Wuhan type 
on its surface, as a substitute for an authentic virus, and immunized human IgG1 knock-in (hIgG1 KI) mice with 
previously mentioned cell line after irradiation to induce potent antibody responses. B cells were harvested from 
mice that received irradiated cell line and were measured by ELISA for serum titers of antigen-specific antibodies. 
The resulting positive and high antigen-specific antibody-producing B cells were further used in the hybridoma 
experiment. Positive clones from the hybridoma experiment were identified and thus, we suspect we have 
developed neutralizing antibody candidates that may be further studied and possibly be used as therapeutic agents 
against COVID-19. 
 
Keywords : SARS-CoV-2, chimeric antibody, hybridoma 
 
  

669



Convergence of Biotechnologies in the 4th Industrial Revolution Era2021 한국생물공학회 추계학술발표대회 및 국제심포지엄
2021 KSBB Fall Meeting and International Symposium

 P0919   Establishment of Potent Neutralizing Antibodies against SARS-CoV-2 

 
Chaeyoon HA, Minjung CHOI, Se-ho PARK 
Department of Life Sciences, Korea University, Seoul, Korea 
Corresponding Author Email : sehopark@korea.ac.kr 
 
SARS-CoV-2 is infected through the interaction between the spike protein of the virus and human angiotensin-
converting enzyme 2 (hACE2), the receptor molecule of the host cell. Thus, most therapeutic antibodies have 
been developed to prevent the interaction between these two molecules. Despite the continuous development of 
therapeutic antibodies, there are only a few antibodies that effectively inhibit SARS-CoV-2 infection. In this study, 
we developed spike protein-specific antibodies to make effective SARS-CoV-2 therapeutic antibodies. We 
selected several hybridomas which are specific for Spike S1 protein. Then, potential clones were chosen by 
comparing S1 protein-specific affinity levels between selected hybridomas. To confirm whether these clones work 
as neutralizing antibodies, we tested the blocking effect by using SARS-CoV-2 pseudovirus to infect hACE2 
expressing cells. As a result, total of 7 potent anti-S1 antibodies were obtained. Consequently, we expect these 7 
clones to serve as therapeutic antibodies. To find whether it can inhibit infection in response to authentic SARS-
CoV-2, in vitro and in vivo experiments are planned as further experiments. 
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To prevent a massive outbreak of Foot-and-mouth disease (FMD), many countries stick to vaccine policy for 
domestic animals. For the vaccine potency, the content of intact FMD virus (FMDV) particles (146S antigens) is 
crucial, and sucrose density gradient (SDG) fractionation has been known for the gold standard as a quantification 
method of 146S antigens. Recently, a few previous studies, regarding the quantification method for the 146S 
antigens using HPLC, were introduced. However, its application was also confined to the purified samples to date. 
Therefore, we aimed to develop the optimal pretreatment methods for the quantification of FMDV 146S antigens 
using HPLC in the crude or less purified samples. Crude cell infection supernatant (CCIS) and semi-purified 
sample with PEG precipitation (PEG-P) were used. After quantification by either SDG or HPLC, the 146S antigen 
peak fraction was analyzed for its purity. Chloroform pretreatment was essential to remove non-specific signals 
in CCIS, whereas it caused loss of 146S antigens without distinctive removal of non-specific signals in PEG-P. 
Plus, benzonase pretreatment was required to improve the resolution of the target peak in the chromatogram for 
both CCIS and PEG-P. We verified that the combinational pretreatment of chloroform and benzonase is optimal 
for the CCIS, while the sole pretreatment of benzonase is the best for the PEG-P. 
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The development and optimization of cell culture media are crucial steps for higher growth and productivity in 
Chinese hamster ovary(CHO) cell-based manufacturing process. In the industrial market, the demand for 
chemically defined media(CDM) is increasing due to good reproducibility.  
In this study, we showed the initial process to develop CDM through optimization of the composition and 
screening key components on Plackett-Burman design(PBD). First, we optimized the concentration of amino acids 
and energy sources in the previously developed in-house medium, SJ-PFM 2.0, then, a CDM was proposed. The 
PBD was adopted to screen significant components for higher growth and productivity, leading to vitamins and 
polyamines. After further optimization of concentration for key factors, the newly formulated CDM showed 3.3 
fold increased IVCD and 6.3 fold improvement of IFN-β productivity. 
This study suggested that the optimization of glucose and amino acids was crucial. Moreover, PBD was an 
efficient way for screening effective composition to develop CDM for CHO cells.  
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Oryctes rhinoceros nudivirus (OrNV) causes severe disease in arthropods, including rhinoceros beetle and Korean 
horn beetle. In this study, hydrogen peroxide (H2O2) was pre-treated to OrNV infected sf9 cells and incubated for 
72 hours prior to qPCR analysis. The treatment of H2O2 enhanced OrNV replication in SF9 cells by 9.1-fold 
compared to untreated cells, indicating that oxidative stress facilitated by H2O2 supports the replication of OrNV. 
Moreover, OrNV was injected through the lymphatic blood in the dorsal side of 3rd instar beetle larvae, and the 
change in body weight was monitored for two weeks. The rate of decrease in weight of the virus-infected larvae 
was relatively lower than mock-infected group, suggesting that OrNV infection could either interfere lipid 
metabolism by reducing fatty acid oxidation. We also observed extension of lipid droplet in fat body tissue by 
TEM analysis. To recapitulate, the study demonstrated the roles of oxidative stress on the virus replication and 
the effect of the virus replication on lipid metabolism. Further study will be carried out for the confirmation of the 
role of the regulating genes. 
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Foot-and-mouth disease (FMD) is a highly contagious viral disease affecting cloven-hoofed livestock that has a 
significant economic impact. Among seven serotypes of FMD virus (FMDV), type O is the most prevalent in 
Korea. Rapid and accurate diagnosis is critical to limit the distribution of FMD. Here we explored a porcine 
antibody repertoire from FMDV type O-vaccinated pigs to select out type O-specific antibodies and test their 
feasibility in competitive ELISA (cELISA) for serological detection of antibody against FMDV type O in the 
susceptible animals. A phage-displayed scFv library was constructed using cDNA from peripheral blood 
lymphocytes (PBLs) of the vaccinated pigs and porcine antibody specific primer sets. The phage library was 
subjected to panning against inactivated FMDV type O antigen which was either directly coated on an 
immunotube or captured by an FMDV antibody with pan-serotype specificity. The selected porcine antibodies 
could successfully detect FMDV type O antibodies in both serum samples from vaccinated cattle and virus-
challenged pigs with better sensitivity than a mouse monoclonal antibody (MAb)-based commercial FMDV type 
O antibody detection kit. 
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