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 S111   Design of Biomaterials for Inflammatory Diseases 

 
Kam W LEONG 
Department of Biomedical Engineering, Columbia University, New York, NY, USA 
Corresponding Author Email : kam.leong@columbia.edu 
 
Inflammation plays an important role in responding to danger signals arising from damage to our body and in 
restoring homeostasis. Controlling the inflammatory response is a major strategy in managing diseases such as 
cancer, autoimmunity, and wound healing. While conventional drug therapies are the norm in tackling 
inflammation, biomaterials are increasingly proposed to join the battle. Through drug delivery strategies, 
biomaterials potentiate the efficacy of anti-inflammatory drugs by improving bioavailability and diminishing side-
effects. Applied in inhibitory or scavenging strategies, they reduce inflammation by removing the pro-
inflammatory factors. For instance, the scavenging approach may be applied to inflammatory diseases such as 
rheumatoid arthritis, psoriasis, multiple sclerosis and systemic lupus erythematosus, which are increasingly linked 
to inappropriate and chronic activation of inflammatory cells. A central event in the pathogenesis of these diseases 
appears to be an aberrant activation of innate immune sensors, most prominently the Pattern Recognition 
Receptors (PRRs), by nucleic acids that are released from dead and dying cells. In this presentation, I will discuss 
the application of nucleic acid-binding polymers in the configuration of either soluble polycation or cationic 
nanoparticle to scavenge these nucleic acids as a molecular strategy to combat inflammation. 
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 S112   Bacterial Response to Oxidants and Antibiotics: Novel Strategies from Actinobacteria 

 
Jung-Hye ROE 
School of Biological Sciences, and Institute of Microbiology, Seoul National University, Seoul, Korea 
Corresponding Author Email : jhroe@snu.ac.kr 
 
Among the three domains of life, bacterial domain exhibits widest diversity in genomic information, and hence 
metabolic and regulatory pathways. Studies from a limited number of model organisms, therefore, can only reveal 
very limited snapshots of the vast complex life phenomena of bacteria adapted to diverse living environments. In 
addition to studies from Escherichia coli representing proteobacteria, and Bacillus subtilis representing firmi-
cutes, works from Streptomyces coelicolor representing actinobacteria have revealed many ingenious strategies 
that this group of bacteria adopt to survive and prosper under various stressful conditions. Streptomycetes are 
producers of more than 50% of known natural antibiotics. Not only displaying outstanding versatility in producing 
diverse secondary metabolites, they also harbor ingenious ways to respond to endogenous as well as exogenous 
chemical stresses that include oxidants and antibiotics they encounter in their life cycle in soil environment. In 
this talk, novel strategies that streptomycetes and actinobacteria employ to survive under oxidants and antibiotics 
will be presented. Some of these features are conserved across actinobacteria that include corynebacteria and 
mycobacteria, shedding light on solving industrial and medical problems caused by these bacteria. 
 
Keywords : redox, antibiotics, chemical stress, regulatory circuits, antibiotic resistance 
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 S113   Chirality and Complexity of Self-Assembled Nanostructures with Strong Chiroptical Activity 

 
Nicholas A. KOTOV 
University of Michigan, Biointerfaces Institute, Ann Arbor, MI, USA 
Corresponding Author Email : kotov@umich.edu 
 
The observation of strong circular dichroism for nanoparticles and their assemblies have developed into a rapidly 
expanding field of chiral inorganic nanostructures. These studies encompass a large family of mirror-asymmetric 
3D constructs from metals, semiconductors, and ceramics, with multiple chiral geometries with characteristic 
scales from Ångströms to millimeters. Their chiroptical properties cover multiple bands in electromagnetic 
spectrum [1–3] and reach record g-factors [1,2,4]. What also emerged in the recent studies is the possibility to 
form very complex bio-similar structures using nanoscale components with chirality at both molecular and 
nanometer scales. This talk will address the question about the relationship between chirality and complexity 
which is academically intriguing and technologically relevant. Synthetic methods, theoretical approaches and 
spectroscopic techniques enabling one to deciphering the underlying relations between chirality and complexity 
will be described taking an example of hierarchically organized particles with twisted spikes and other 
morphologies from polydisperse Au-Cys nanoplatelets [1]. The complexity of these supraparticles is higher than 
biological counterparts or other complex particles as enumerated by graph theory (GT). The design principles 
elaborated for Au-Cys nanoplatelets have been extended to engineering of other complex nanoassemblies such as 
coordination complexes between Cd and peptides and peptide assemblies, where new chiroptical phenomenon – 
chiral phonons - was observed [3]. 
These findings open a pathway to a large family of particles with complex architectures and unusual chiroptical, 
chemical, and biological properties. Their applications include polarization-based drug discovery platforms for 
Alzheimer syndrome [2], materials for chiral photonics and drug testing [3], and chiral antiviral vaccines [4]. 
 
References 
1. Jiang, Z.-B. et al, Science, 2020, 368, 642-648. 
2. Jun Lu, et al, Science, 2021, 371, 1368-1372. 
3. Choi. W, Nature Photonics, 2022, published March 21. 
4. Xu. L, Nature, 2022, 601, 366-373. 
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 S114   Materials and Protein Engineering for Modulating Immunity and Tolerance 

 
Jeffrey A HUBBELL 
Pritzker School of Molecular Engineering, University of Chicago, Chicago, IL, USA 
Corresponding Author Email : jhubbell@uchicago.edu 
 
Adaptive immune responses are triggered particularly powerfully in the lymph nodes and in the lymphoid tissues 
associated with mucosae. We are developing nanomaterials to exploit interstitial flow from the site of 
administration to the lymph nodes, using the nanomaterials to carry both antigen and adjuvant biomolecules. We 
are particularly interested in therapeutic vaccination in cancer, and we have determined that the tumor-draining 
lymph node is a particularly opportune lymphoid target for cancer vaccination. We are exploiting nanoparticles 
formed by emulsion polymerization and formed by self-assembly from block polymer amphiphiles and water-
soluble polymers as these delivery vehicles for both antigen and adjuvant molecules, creating multifunctional 
platforms that can be adapted to a wide variety of antigens. 
In addition to inducing adaptive immune responses, so-called inverse vaccination to induce antigen-specific 
tolerance is of high interest. We are exploring biological and polymer approaches to deliver protein antigens in a 
tolerogenic manner, including targeting antigen to the surfaces of erythrocytes after injection, based on the premise 
that apoptosis cell debris is cleared tolerogenically, along with exogenous antigen cargo it may carry. We have 
shown the ability to induce antigen-specific anergy as well as T regulatory responses, working in models of 
autoimmunity and of immune response to protein drugs. The liver is a target of particular interest, and we are thus 
developing polymers that can target antigen, tolerogenically, to particular cell populations in the liver. 
 
Keywords : vaccine, immunity, inverse vaccine, tolerance, antigen, delivery 
 
References 
1. Wilson, D. S. et al. Nature materials 18, 175-185 (2019). 
2. Gray, L. T. et al. Biomaterials 121159 (2021) 
3. Wilson, S. D. et al. Nature Biomedical Engineering 3, 817-829 (2019). 
4. Damo, M., Wilson, D. S., Watkins, E. A. & Hubbell, J. A. Front Immunol 12, 555095 (2021). 
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 S311   3-Hydroxypropionic Acid and its Derivatives as a part of Carbon-Neutralization and Green 
Technology 

 
Hangduk ROH, Ashok SOMASUNDAR, Kyusoon SHIN 
Noroo Bio R&D Center, Noroo Holdings Co., Ltd, Anyang, Korea 
Corresponding Author Email : ksshin197@gmail.com 
 
Global warming and environmental pollution are no longer political agenda that may leave only to future 
generation. Extensive efforts have started worldwide to reinstate the environment so far. Taking Battery Electric 
Vehicles (BEVs) as an example, EU enforced strict regulation on the concentration of CO2 in the vehicle exhaust 
emissions to facilitate the spread of non-petroleum powered cars. Another example is biodegradable or 
biologically prepared materials. 
Noroo Holdings has been developing technologies and trying to incorporate environmentally friendly technology 
into its product and business to keep up with the ‘green’ stream and improve its ESG value. In this talk, we will 
introduce the activity of research and business development in Noroo Holdings in association with 3-
hydroxypropionate and its derivatives as part of an intensive effort among its Carbon Neutralization activities. As 
well as 3-hydroxypropionate, Noroo holdings is also working on the development of biodegradable polymers. 
Owing to its high durability and stability, polymers such as ordinary plastics have become environment pollutants 
and used tremendous amounts of fossil fuels and petroleum-origin materials, and thus development of biode-
gradable polymers are highly essential to replace conventional petroleum-based plastics and protect environment. 
Just as global big companies have developed their own biopolymers such as polyhydroxyalkanoate, Noroo is 
preparing polymers with repeat unit of 3-hydroxy propionate. We will discuss the properties of 3-
hydroxypropionate, its derivatives, and polypropanoate. 
 
Keywords : 3-Hydroxypropionate, biodegradable polymers, polyhydroxyalkanoates, plastic pollutants 
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 S312   The Bio-based Building Block of Biodegradable Polymer and Its Potential 

 
Taeho KIM 
LG Chem CTO R&D, Future Technology Center, Eco-friendly Biomaterial PJT, Seoul, Korea 
Corresponding Author Email : barcathth@lgchem.com 
 
The global demand for biodegradable plastic is growing as plastic waste is accumulated and environmental 
regulations are becoming stricter around the globe. In addition, the global “Net-zero” transition requires chemical 
companies to develop carbon-neutral or less carbon-emission products. Despite such needs, poor flexibility and/or 
opaqueness of existing biodegradable materials limit the range of applications. Moreover, the technical hurdles in 
mass production of bio-based building block hinder chemical producers from commercialization of those 
products. This project focused on the development of bio-intermediates which can be used in biodegradable plastic 
as a building block, and in the conversion into value chemicals as a precursor. The biodegradable plastic which is 
both flexible and transparent can be produced by co-polymerization of two different bio-intermediates, both of 
which are 100% bio-based. One of the components augments the flexibility without compromising transparency, 
and the adjustment of blending ratio allows the customization of polymer property. As a result, the copolymer 
exhibits a wide range of elongation from 20 to 200% while maintaining the transparency over 90%. Furthermore, 
the material biodegrades more than 90% within 120 days, meeting the industrial composting standard. The bio-
intermediate can also be applied in superabsorbent as well as adhesives and varnish that the bio-based 
superabsorbent is as good as petro-based product in terms of water-absorbing performance. This work offers an 
advanced solution of bioplastics with development of the bio-based monomer which has various potential 
applications. 
  
Keywords : Biodegradable, bio-based building block, precursor 
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 S313   Current Status of PHA Technology Development and Commercialization Strategy 

 
Jeung Yil PARK 
CJ CheilJedang, White BIO Research Institute, Suwon, Korea 
Corresponding Author Email : jeungyil.park@cj.net 
 
썩지않는 플라스틱의 범람과 이산화탄소의 무분별한 발생에 의한 지구 온난화 및 기후 변화, 미세플

라스틱의 위협으로부터 보호하기 위한 세계의 우려와 규제가 심화되는 가운데, 유럽의 ’18 년 89 개국 

141 개 비닐봉투 사용제한 시행, ’21 년 해양 플라스틱 쓰레기 10 대 품목 규제 확대 등, 사용되고 버려

지는 플라스틱에 대한 관심이 높아지고 있습니다. 

특히 이산화탄소 저감을 위한 바이오 플라스틱의 대두와, 매립 또는 자연환경에서의 완벽한 분자 단

위로의 생분해되는 고분자의 요구 및 매립이나 버려진 플라스틱의 생분해 되는 과정에서의 이산화탄

소, 메탄가스의 포집을 통한 고분자의 생합성 및 중합 등이 최근 플라스틱 소재와 재료 개발 측면에

서의 화두입니다. 

생분해의 기준도 엄격해지면서 산업 생분해에서 홈, 해양생분해에 이르는 트렌드의 변화는 실험실이 

아닌, 실생활과 자연에서 완벽한 리사이클링을 요구받고 있고, 지구 대기층을 보호하기 위하여 이산화

탄소 저감에 기인한 바이오 플라스틱의 적용과 일반 플라스틱에 대한 바이오매스 함량도 증가되는 트

렌드(40 → 50%) 입니다. 

CJ 에서는 바이오의 한 축인 White BIO, 즉 고분자 플라스틱을 균주 발효를 통해 바이오 생분해되는 

PHA 를 Metabolix 로부터 기술특허를 확보한 이래로 완성도를 높인 연구 개발을 추진해왔으며 양산 대

량 생산을 목전에 두고 있습니다. 

PHA는 미생물 발효를 통해 세포 내에 Hydroxybutyrate 등이 생합성, 축적되어 만들어지며, 토양, 홈, 해

양 생분해성이 가장 우수한 바이오 고분자로서 다양한 생활제품에 응용이 되어질 것으로 기대되며, 

지구를 살리고 생명을 구하는 첫걸음이 될 것으로 기대하고 소개하고자 합니다. 

  
Keywords : PHA, biopolymer, biodegradable plastics, waste plastic 
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 S314   Development and Commercialization of Biomass Based Isosorbide 

 
Hoon RYU1, Junseop IM2, Gwang-seok SONG2, Seunghyun YOO2 
1Samyang Innochem Corporation, Seoul, Korea, 2Samyang Corporation, Daejeon, Korea 
Corresponding Author Email : hoon.ryu@samyang.com 
 
최근 폐플라스틱 이슈와 플라스틱 제품의 환경 규제로 인하여 많은 기업에서도 ESG 경영이 날로 화

두가 되고 있다. 또한 “친환경”이 소비 트렌드로 떠오르면서 친환경 플라스틱에 대한 관심과 수요가 

증가하고 있다. 친환경 플라스틱은 크게 바이오 기반의 원료를 활용하여 탄소 중립을 실현하는데 목

적이 있는 바이오매스 기반 플라스틱과 사용 후 폐 플라스틱의 이슈를 해결할 수 있는 생분해성 플라

스틱으로 크게 나눌 수 있다. 이 중에서 바이오매스 기반의 플라스틱은 이를 제조하기 위한 원료 확

보가 중요하기 때문에 그 수요와 관심도 증가하고 있다. 

바이오매스 기반의 원료는 국내외 다양한 업체에서 다양하게 연구와 상업화가 진행되고 있는데 그 중

에서도 Isosorbide 는 바이오매스 기반의 원료로서 여러 플라스틱의 단량체나 첨가제, 각종 화합물 등에 

사용되고 있으며, 기존 석유계 기반 원료를 사용한 것에 비해 유리 전이 온도나 기계적 물성 등을 향

상시킬 수 있어 그 용도가 더욱 넓어질 전망으로 보인다. Isosorbide 는 삼양그룹에서 연구 개발부터 진

행하여 독자적인 합성 기술을 구축하였고, 이를 바탕으로 하여 2021 년 국내 최초로 Isosorbide 의 상업 

공장을 완성하여 사업을 진행하고 있다. 이번 발표에서는 바이오매스 기반 원료의 상업화 사례로서 

Isosorbide 의 연구 개발에서부터 상업화에 이르기까지의 과정과 그 용도를 개발하기 위한 다양한 적용 

사례에 대해 소개하고자 한다. 

  
Keywords : isosorbide, biodegradable plastics, biomass, waste plastic 
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 S315   Development of High-functional Biodegradable Packaging Materials based on Nanocellulose 

 
Sangchul RHO 
ANPOLY Inc., Pohang, Korea 
Corresponding Author Email : anpoly@anpolyinc.com 
 
As the use of plastics has skyrocketed due to COVID-19, the amount of plastic waste has also increased 
astronomically. Accordingly, countries and companies are announcing various policies to reduce plastics and 
focusing on the development of alternative materials for plastics. 
Biodegradable plastics, one of the alternative materials for plastics, have the advantage of being 100% 
biodegradable, but have low mechanical strength, low oxygen barrier and moisture barrier properties, and high 
price, so there are limitations in replacing plastics. 
Nanocellulose refers to a natural polymer with a one-dimensional diameter and a fiber length of 100 nm. 
Nanocellulose is spotlighted as a future strategic material that can replace various synthetic polymers such as 
plastics due to its excellent mechanical and optical properties, biodegradability, and biological safety. 
We have developed a new biodegradable plastic material, CelluStic®, with excellent mechanical strength and 
oxygen barrier properties using nanocellulose. The film made of CelluStic® increased the mechanical strength by 
more than 20% compared to the PBAT/PLA film and had high oxygen barrier properties. 
Nanocellulose is expected to be widely used in various industrial fields as well as food packaging materials that 
require high oxygen barrier properties 
 
Keywords : nanocellulose, CNF, biodegradable, packaging 
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 S411   Bespoke Biomaterials: Towards Personalized Tissue Mimics 

 
Sarah C. HEILSHORN 
Materials Science & Engineering, Stanford University, California, USA 
 
Each individual is unique, yet pharmaceutical companies design the same therapies for all of us using lab mice. 
In the future, the biofabrication of personalized tissue mimics offers the exciting possibility of individualized 
therapies. However, current biofabrication methods are greatly hampered by a lack of materials that are 
simultaneously biofunctional and reproducible. A cell’s behavior is directly influenced by its surrounding 
microenvironment; thus, ideally each cell type would be cultured in its own customizable biomaterial. To fulfill 
this need, my lab designs bespoke biomaterials that can be tailored to fit a range of applications. In one demon-
stration, I present a family of biomaterials that support the growth of patient-derived organoids, i.e. three-
dimensional cell aggregates that demonstrate emergent, tissue-like behavior. While organoid cultures have the 
potential to revolutionize our understanding of human biology, current protocols rely on the use of Matrigel, a 
complex, heterogeneous material with large batch-to-batch variations. In contrast, our double-network hydrogels 
are formulated with recombinant biopolymers that can be fine-tuned to display a reproducible range of 
biochemical and biomechanical properties. In a second example, I present a new family of bioinks that enable 
cell-based 3D bioprinting. We name this family of materials UNIversal, Orthogonal Network (UNION) bioinks, 
because they utilize a versatile crosslinking mechanism that is cell compatible and works to form a cohesive 
interface between disparate biopolymers. We envision that these two technologies will be used together in the 
future to create personalized tissue models of individual patients. 
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 S412   Protein-based Biomaterials for Cartilage Engineering and Surgical Adhesive Applications 

 
Julie LIU 
Davidson School of Chemical Engineering, Purdue University, West Lafayette, IN, USA 
 
For cartilage engineering applications, we developed hydrogels containing a blend of collagens I and II, and these 
hydrogels promote in vitro cartilage differentiation and in vivo cartilage repair. Furthermore, the addition of 
collagen-binding chondroitin sulfate molecules increases in vitro cartilage differentiation.  
For surgical adhesive applications, we designed protein-based adhesives containing two domains: a structural 
domain that provides flexibility and an adhesive domain that provides the ability to adhere in wet environments. 
Our material demonstrates high cytocompatibility (>98% viability) and significant bulk adhesive strength when 
dry (approximately 1 MPa). Furthermore, due to coacervation that occurs at physiological conditions, the material 
can easily be applied underwater and provides the strongest bonds of any rationally designed protein when used 
completely underwater. The unique properties of this new family of materials are ideal for application as a soft 
tissue surgical adhesive, as well as coatings for cell attachment or scaffolds for tissue engineering.  
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 S413   Synthetic Biominerals for in situ Bone Formation 

 
Nathaniel HWANG 
School of Chemical and Biological Engineering, Seoul National University, Seoul, Korea 
Corresponding Author Email : nshwang@snu.ac.kr 
 
Bone remodeling process relies on complex signaling pathway between osteoblasts and osteoclasts and control 
mechanisms to achieve homeostasis of their growth and differentiation. Despite previous achievements in 
understanding complicated signaling pathways between cells and bone extracellular matrices during bone 
remodeling process, a role of local ionic concentration remains to be elucidated. Here, we demonstrate that 
synthetic whitlockite (WH: Ca18Mg2(HPO4)2(PO4)12) nanoparticles can recapitulate early-stage of bone 
regeneration through stimulating osteogenic differentiation, prohibiting osteoclastic activity, and transforming 
into mechanically enhanced hydroxyapatite (HAP)-neo bone tissues by continuous supply of PO4

3− and 
Mg2+ under physiological conditions. In addition, based on their structural analysis, the dynamic phase 
transformation from WH into HAP contributed as a key factor for rapid bone regeneration with denser hierarchical 
neo-bone structure. Our findings suggest a groundbreaking concept of ‘living bone minerals’ that actively 
communicate with the surrounding system to induce self-healing, while previous notions about bone minerals 
have been limited to passive products of cellular mineralization 
  
Keywords : bone, whitlockite, tissue engineering, biomaterials, hydroxyapatite 
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 S414   Therapeutic Applications of Prussian Blue Nanoparticles 
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Prussian blue (PB) is an iron-based coordination compound produced by oxidation of ferrous ferrocyanide salts 
with an empirical formula FeIII

4[FeII(CN)6]3·xH2O. PB was used as a dark blue pigment historically. PB containing 
gelatin capsule, Radiogardase®, has been approved by the US Food and Drug Administration (FDA) in 2003 as 
an oral antidote for radioactive/non-radioactive cesium and/or thallium exposure, using the strong affinity of PB 
to these heavy metal ions. Recently, PB nanoparticles and their analogs have been tried in various biomedical 
applications based on their additional interesting physicochemical properties. PB nanoparticles have been applied 
for the theragnosis of cancers using their photodynamic, photothermal, and photoacoustic characteristics as well 
as MRI and scintigraphy sensitivities. PB nanoparticles also have nanozyme activities, similar to enzymes such 
as superoxide dismutase, peroxidase, and catalase. So, PB nanoparticles possessing antioxidant and anti-
inflammatory properties by effectively scavenging various reactive oxygen species can be applied for the 
regeneration of damaged tissue associated with inflammation. 
 
Three cases of therapeutic applications of PB nanoparticles done in my lab will be introduced. 1) A multifunctional 
nanoparticle system prepared by physical aggregation among PB, serum albumin, and indocyanine green (ICG) 
could provide dual-mode MR and NIR fluorescence imaging as well as combined photothermal and photodynamic 
(PTT-PDT) therapy in response to a single NIR laser [1]. 2) PB nanparticles could accelerate the healing process 
in an infection-mimicking cutaneous wound model [2]. 3) PB nanoparticles could protect transplanted 
mesenchymal stem cells (MSCs) from oxidative stress-mediated apoptosis and thereby improve the therapeutic 
effect of the cells in a liver ischemia-reperfusion (I/R) injury model [3]. 
  
Keywords : phototherapy, nanozyme, antioxidant, anti-inflammatory, wound healing, stem cell 
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Recent technical advances are leading to a rapid transformation of the chemical palette available in cells, thus 
making it conceivable to produce nearly any organic molecule of interest - from biofuels to biopolymers to 
pharmaceuticals. However, these feats require the ability to “hijack” native cellular machinery and metabolism 
and navigate the complexity inherent in cellular regulation. This talk will cover examples of how microbial 
systems and enzyme can achieve the goal of sustainable chemical production and waste valorization. Examples 
include rewired cells for polymer precursors, unconventional carbon utilization, and platform strain engineering 
for products such as polyketides and lipids. Throughout the talk, there will be a focus on the fundamental 
principles necessary to rewire metabolism and expedite the design-build-test-learn-deploy cycle of engineering. 
  
Keywords : Metabolic engineering, synthetic biology, biotechnology, bioproduction 
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 S422   Synthetic Genetic Systems for Rapid Mutation and Continuous Evolution 
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My laboratory engineers genetic systems that go beyond what nature’s genetic systems can do. We are especially 
interested in creating genetic systems that dramatically accelerate the speed of evolution and that record transient 
information as interpretable mutations in DNA. We apply these systems to the generation of useful biomolecules 
and therapeutics; the study of molecular evolution; and cell and developmental biology. I will discuss recent work 
on our orthogonal DNA replication system for the continuous evolution of biomolecules in vivo. 
  
Keywords : synthetic Biology, directed Evolution, protein Engineering, enzyme Evolution 
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 S423   Yeast Engineering for Fermenting Pectic Sugars Derived from Citrus Waste 
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Fruit juice wastes represented by citrus peels are high in pectin, a complex polysaccharide consisting mainly of 
D-galacturonic acid and L-rhamnose with side chains composed of L-arabinose and D-xylose. What these pectic 
sugars have in common is that industrial microorganisms cannot metabolize them. To develop a platform yeast 
strain that can metabolize these pectic sugars and produce bio-based chemicals, their heterologous pathways were 
identified and functionally expressed in Saccharomyces cerevisiae. For pathways that cannot stand alone due to 
redox imbalance issue, appropriate co-substrates were screened. Using an metabolomic approach, their metabolic 
bottlenecks were identified and resolved by balancing the pathways. Finally, the pectic sugar-metabolizing 
platform yeast was applied for the production of mucic acid, an industrially important dicarboxylic acid. These 
results suggest a potential of citrus waste upcycling as a useful biomass for yeast-based biorefinery. 
 
Keywords : mucic acid, adipic acid, bio-based nylon, citrus peel, pectin, galacturonic acid 
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 S424   Engineering Smart Microbial Chassis for the Production of High Value-added Terpenoids 

 
Ju Young LEE 
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Metabolites are often unable to permeate cell membranes and are thus accumulated inside cells 1. We investigated 
whether engineered microbes could exclusively secrete intracellular metabolites because sustainable metabolite 
secretion holds a great potential for mass-production of high-value chemicals in an efficient and continuous 
manner 2,3. In this study, we demonstrated a synthetic pathway for a metabolite trafficking system that enables 
lipophilic terpene secretion by yeast cells. When metabolite-binding proteins are tagged with signal peptides, 
metabolite trafficking is highly achievable; loaded metabolites can be precisely delivered to a desired location 
within or outside the cell. As a proof of concept, we systematically coupled a terpene-binding protein with an 
export signal peptide and subsequently demonstrated efficient, yet selective terpene secretion by yeast (~225 mg/L 
for squalene and ~1.6 mg/L for β-carotene). Other carrier proteins could also be readily fused with desired signal 
peptides, thereby tailoring different metabolite trafficking pathways in different microbes. To the best of our 
knowledge, this is the first and most efficient cognate pathway for metabolite secretion by microorganisms. 
  
Keywords : synthetic biology, biotechnology, organelle engineering, terpenoid 
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 S431   Harnessing Biomaterials to Study and Control Immune Function 
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Our research combines immunology and biomaterials to understand the interactions between synthetic materials 
and immune tissues, and to design more selective therapeutic vaccines for cancer and autoimmunity. This 
presentation will highlight our recent efforts toward these goals combining materials science and bioengineering 
tools, cell culture, animal models, and samples from human patients. In one example I will discuss new degradable 
polymer depots that could improve the selectivity of immunotherapies for cancer and autoimmunity locally 
reprogramming the function of lymph nodes – tissues that coordinate immune function. A second area will present 
the lab's efforts to self-assemble immune signals into modular nanostructures. This rational design approach 
allows activation of programmable combinations and levels of the immune pathways triggered. Modular control 
over these aspects of immune signaling could help improve the efficacy of vaccines for cancer and infectious 
disease, and enhance the efficiency of vaccine translation. 
 
Keywords : Immune engineering, cancer, autoimmunity, biomaterials 
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 S432   Biomedical Application of Polypeptide for Cancer Immunotherapy 

 
Yeu Chun KIM 
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Cell-penetrating peptides (CPPs) have been widely used to deliver nucleic acid molecules. Generally, CPPs 
consisting of short amino acid sequences have a linear structure, resulting in a weak complexation and low 
transfection efficacy. To overcome these drawbacks, a novel type of CPP is required to enhance the delivery 
efficacy while maintaining its safe use at the same time. 
Herein, artificial cationic helical peptides possess an enhanced cell-penetrating property. However, their cell-
penetrability is not converted by cellular environmental changes resulting in nonspecific uptake. pH-sensitive 
anion-donating groups were added to a helical polypeptide to simultaneously achieve tumor targeting and pro-
apoptotic activity. The mitochondria-destabilizing helical polypeptide undergoing pH-dependent conformational 
transitions selectively targeted cancer cells consequently disrupting mitochondrial membranes and subsequently 
inducing apoptosis. In addition, we report an artificial apoptosis-inducing polypeptide that destabilizes the 
mitochondrial membrane and transports calcium ions into the cytosol, thereby synergistically creating severe 
oxidative conditions. The oxidative stress highly activates an apoptotic signaling cascade, and also inhibits cell 
migration and invasion in vitro and in vivo. The suggested strategy for simultaneous mitochondrial disruption and 
perturbed calcium homeostasis demonstrates the applicability of polypeptide-based therapeutics as potent 
apoptosis-inducers in cancer therapy. 
Immunogenic cell death (ICD) is distinguished by the release of tumor-associated antigens (TAAs) and danger-
associated molecular patterns (DAMPs). This cell death has been studied in the field of cancer immunotherapy 
due to the ability of ICD to induce antitumor immunity. Herein, endoplasmic reticulum (ER) stress-mediated ICD 
inducing fluorinated mitochondria-disrupting helical polypeptides (MDHPs) are reported. The fluorination of the 
polypeptide provides a high helical structure and potent anticancer ability. This helical polypeptide destabilizes 
the mitochondrial outer membrane, leading to the overproduction of intracellular reactive oxygen species (ROS) 
and apoptosis. In addition, this oxidative stress triggers ER stress-mediated ICD. The in vivo results show that co-
treatment of fluorinated MDHP and anti-Programmed death-ligand 1 antibodies (αPD-L1) significantly regresses 
tumor growth and prevents metastasis to the lungs by activating the cytotoxic T cell response and alleviating the 
immunosuppressive tumor microenvironment. These results indicate that fluorinated MDHP synergizes with the 
immune checkpoint blockade therapy to eliminate established tumors and to elicit antitumor immune responses. 
  
Keywords : cancer immunotherapy, drug delivery, cell-penetrating peptides (CPPs) 
 
 
 
  

Advanced Biotechnology for Human Society2022 한국생물공학회 춘계학술발표대회 및 국제심포지엄
2022 KSBB Spring Meeting and International Symposium

25
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Immunotherapy has been proposed as a promising therapeutic method for cancer treatment. To enhance host 
immune responses against cancer, antigen presenting cells such as dendritic cells (DCs) need to be activated and 
matured using tumor-associated antigens and adjuvants, which induces cascading adaptive immune responses 
including cytotoxic T cells targeting tumor cells. Recently, we found that mesoporous silica materials with 
controllable nanosized pores have a potential to be used as nanocarriers to deliver antigen and adjuvant for 
provoking antigen-specific and systemic immune responses against cancer. On the other hand, rod-shaped 
mesoporous silica microparticles can be spontaneously stacked in the subcutaneous space after injection and 
generate interparticle pores that could be served as cellular microenvironments to recruit and activate DCs, 
eventually leading to cancer suppression in antigen-specific manner. Furthermore, combining antigen-carrying 
vaccine nanoparticles or antigen-coding DNA vaccine with the DC-recruiting injectable scaffolds significantly 
enhance therapeutic cancer vaccine efficacy. These findings suggest that porous materials with appropriately 
controlled physicochemical properties could be used as an efficient therapeutic vaccine platform for cancer 
immunotherapy. 
 
Keywords : porous material, cancer vaccine, dendritic cell, T cell 
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 S434   Enhancing Tumor Perfusion Using Orally Active Heparin to Improve  
the Efficacy of Immunotherapy 
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Corresponding Author Email : cju0667@jnu.ac.kr 
 
Limited tumor perfusion results in restricted drug delivery and accelerates hypoxia, which is detrimental to overall 
antitumor immunity. Here, we demonstrated that cancer associated thrombosis (CAT) could be one of the major 
factors, which significantly limits tumor perfusion while facilitates hypoxia by partially or completely blocking 
the tumor blood vessels. Reversely, we also verified that prevention of CAT by administering orally available low 
molecular weight heparin (STP3725) substantially improved tumor perfusion and alleviated hypoxia. We 
confirmed that treating STP3725 significantly potentiated the efficacy of oxaliplatin and gemcitabine by 
enhancing the drug delivery and distribution in the tumor tissue in B16F10 and Aspc-1 tumor models. 
Furthermore, we identified that administering STP3725 altered tumor microenvironment into immuno-supportive 
one by augmenting effector lymphocytes population, decreasing hypoxia related immunosuppressive cytokines 
and myeloid derived suppressor cells (MDSCs) in B16F10 and CT26 xenograft tumor models. By treating 
STP3725 together with anti-PD-1 antibody in the same models, we discovered that these favorable changes 
markedly benefited the anti-tumor efficacy of anti-PD-1 antibody by both promoting the population of tumor 
infiltrated effector lymphocytes and ameliorating the function of cytotoxic T lymphocytes. Collectively, our 
findings establish the rationale for a new potential combination strategy, which could be broaden to a combination 
of anticoagulation therapy with other chemotherapeutic and immunotherapeutic agents. 
 
Keywords : cancer-associated thrombosis, tumor perfusion, novel oral anticoagulant, hypoxia, tumor micro-
environment 
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 S441   High-throughput Screening System of Monoclonal Antibody from Single Rabbit and Human B 
Cells by Cell-free Protein Synthesis System 
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We have developed the "Ecobody technology," a novel monoclonal antibody acquisition system that can rapidly 
obtain a single B cell-derived antibody gene including an antigen-binding fragment (Fab)1,2). First, B cells are 
obtained from animal or human blood or lymph nodes, and the B cells that bind to the antigen of interest are 
concentrated using a cell sorter or magnetic beads. Then, the Fab regions of the L and H chains of the antibody in 
each cell is amplified by RT-PCR and PCR. The amplified DNA fragment is modified to include the DNA 
sequences necessary for expression in the E. coli cell-free protein synthesis system, followed by synthesizing Fab 
in microwells by cell-free protein synthesis system and multiple assays like ELISA, immunostaining etc. Since 
all process can be easily automated through a simple sequence of adding and mixing reagents, this technology can 
dramatically increase the throughput of monoclonal antibody acquisition. 
Several key technologies are involved in Ecobody technology especially in the expression of Fab by cell-free 
protein synthesis system. We found that inserting a short peptide tag sequence, SKIK, immediately after the N-
terminal start codon markedly increase the amount of light and heavy chain of antibody,3) and the amount of Fab 
synthesized in cell-free protein synthesis system are almost constant, facilitating the following screening process. 
Furthermore, the addition of a paired leucine zipper sequence to the C-terminus of the CL and CH of the Fab 
significantly promotes the association of the two chains in the cell-free protein synthesis system.4) Mainly due to 
these two effects, Fab antibodies can be synthesized directly in reconstituted E.coli cell-free protein synthesis 
system (the PURE system) from DNA amplified from a single B cell mRNA of various animal in a few days. 
Aiming for social implementation of this technology, iBody Corporation (https://www.ibody.co.jp/) has been 
established in February 2018 as a start-up from Nagoya University and started its activities. Currently, the 
company is developing human monoclonal antibodies from healthy human and patient samples for antibody drugs 
while conducting contracted rabbit monoclonal antibody discovery. 
  
Keywords : human monoclonal antibody, rabbit monoclonal antibody, cell-free protein synthesis system, single 
B cell 
 
References 
1. Ojima-Kato, T. et al. Sci. Rep. 7, 13979 (2017). 
2. Ojima-Kato, T. et al. Seibutsukougakukaishi, 99, 62-67 (2021). 
3. Ojima-Kato, T.et al. J. Biosci. Bioeng. 123, 540 (2017). 
4. Ojima-Kato, T.et al. Protein Eng. Des. Sel. 29, 149-157 (2016). 
 
 
  

Advanced Biotechnology for Human Society2022 한국생물공학회 춘계학술발표대회 및 국제심포지엄
2022 KSBB Spring Meeting and International Symposium

29



 S442   Cell-free Synthetic Biology: An Emerging Bioengineering Strategy 
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Advances in gene editing technology and DNA sequencing technology have endowed the biologist with 
unprecedented power to program cells at will. The ability of synthetic biology to engineer biological functions 
hold great promise for applications ranging from life sciences to biofuel research. For the most part, synthetic 
biology is still tied to the living cell. One major advantage of using the living cell is its self-reproduction. However, 
the daunting complexity of living cells and the barriers of cell membrane make engineering difficult, and therefore 
make synthetic biology face four insurmountable challenges: hard to standardize, unwieldy complexity, 
incompatibility, and variability. From the standpoint of synthetic biology, it is most desirable for these problems 
to be overcome using a systematic and standardized set of solutions. To address these challenges, we adopt a cell-
free synthetic biotechnology strategy. 
Cell-free synthetic biology is emerging as a powerful interdisciplinary approach aimed to harness and expand the 
capabilities of natural biological systems without using intact cells. Our research lies on developing and applying 
cell-free systems and synthetic biology technologies to engineer DNAs, RNAs, proteins, pathways, and networks 
for addressing most daunting challenges in the biomanufacturing. To this end, our current research interests center 
on four distinct yet related areas, including unnatural modification of biomolecules by unnatural amino acids, 
biotransformation with maximal conversion efficiency, buildup of DNA-RNA-protein regulated artificial cell, 
and development of fully automated biomedical diagnostics and therapeutics. 
  
Keywords : cell-free synthetic biology, protein engineering, artificial cell 
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Molecular translation systems provide a genetically encoded framework for protein synthesis. Engineering these 
systems to incorporate non-canonical amino acids into peptides and proteins has opened many exciting 
opportunities in chemical and synthetic biology. From a chemical engineer’s perspective, I will describe i) our 
recent efforts to expand the genetic code using ribozymes for the synthesis of bio-based products that extend 
beyond natural limits and ii) my investigation into engineering the translational apparatus. I will then discuss our 
goals and strategies to deepen fundamental understanding of the origin of life and enable new classes of functional 
materials such as precision polymers, therapeutics, and biosensors. 
 
Keywords : protein translation, ribosome, translational machinery, cell-free biology 
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 S444   In Vitro Transcription/translation Based Enhanced Immunosensor for Ultrasensitive Detection of 
Biomarkers 

 
Ju-Young BYUN 
Bionanotechnology Research Center, Korea Research Institute of Bioscience and Biotechnology (KRIBB), 
Daejeon, Korea 
Corresponding Author Email : bjy8349@kribb.re.kr 
 
Highly sensitive and accurate measurements of protein biomarkers are crucial for early diagnosis and disease 
monitoring. Among the various detection methods, enzyme-linked immunosorbent assay (ELISA) is the most 
widely used, reliable detection method in clinical and medicine fields. Although ELISA is the most commonly 
used method for the detection of antigens, it is not suitable for detection of some antigens at extremely low 
concentrations. To overcome the low sensitive of ELISA, a variety of detection techniques merged with the 
traditional sandwich ELISA have developed to improve the detection sensitivity. The detection method that is 
reliable, simple, robust, sensitive, and universal is required to facilitate a distinct amplification of the detection 
signal in ELISA. Herein, a versatile and straightforward strategy is developed utilizing in vitro transcription/ 
translation system to amplify the signal detection. In principle, by generating multiple enzyme molecules or 
fluorescence light-up RNA aptamers from a DNA conjugated to a target-bound antibody, an enhanced 
immunoassay can provide a much more amplified signal than a conventional ELISA. In contrast to conventional 
enzyme-conjugation methods, this method allows the generation of far more amplified detection signals, thereby 
markedly increasing the sensitivity of detection enough to analyze a target present in aM concentrations. 
 
Keywords : cell-free protein synthesis, expression immunoassay, transcription immunoassay, ELISA, biomarker, 
ultrasensitive detection, light-up aptamer, signal amplification 
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 S451   Magneto-Activation of Natural Killer Cells for the Treatment of Solid Tumors 
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One of promising immunotherapy approaches is NK cell immunotherapy. NK cells are innate lymphoid cells and 
providing various immunity cytokine. Especially, NK cells selectively kill cancer cells without the tumor-specific 
antigens that is required in cytotoxic T lymphocyte therapeutics. This feature of NK cells allows safe and effective 
cancer cell killing.1 Development of NK cell adoptive transfer immunotherapy (ATI) is an important area for the 
cancer treatment. Various strategies to enhance the efficacy of NK cells have been studied. Ex vivo treatment NK 
cells with IL- 12/-15/-18 or IL-15 or IL-2 has been used to improve the proliferation, and cytotoxic effects of NK 
cells. However, the high cost for the multiple cytokine pretreatment and a prolonged NK cell culturing/expansion 
procedure has been challenging for the NK cell ATI. Here we proposed a new strategy of magnetic field responsive 
nanoparticles mediated NK cell activation.2 Convenient magneto-mechanical activation of NK cells ex vivo and 
image guided local NK cell delivery are demonstrated. Potential application of the activated NK cells was 
suggested with an established clinical local infusion procedure in hepatocellular carcinoma. 
  
Keywords : NK cells, immunotherapy, nanoparticles, nanobiology 
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Cellular functions can be engineered by internalizing external biomolecules, such as DNA, mRNA, siRNA and 
protein molecules, CRISPR/Cas9 ribonucleoproteins, or nanomaterials into cells. Conventionally, viruses, lipid 
nanoparticles, and electroporators have been extensively employed in the intracellular delivery of the external 
biomolecules. However, these approaches suffer inconsistent and low genome editing efficiency, cytotoxicity, 
biostability, high cost, and/or low scalability. To address these, we have developed a series of novel microfluidic 
intracellular delivery platforms for efficient cellular engineering. In general, a microchannel-derived intrinsic flow 
rapidly deformed the cells, creating membrane nanopores. Consequently, the external cargo molecules in the 
vicinity were internalized via convection-based rapid solution exchange across the cell membrane. We 
demonstrate highly effective functional macromolecular delivery into various immune cells, including human 
primary T and NK cells. Further, we demonstrate that CRISPR-Cas9 method exhibited enhanced genome editing, 
high cell viability and biostability compared to the benchtop techniques, providing a practical and robust cellular 
engineering approach.  
 
Keywords : microfluidic intracellular delivery, genome editing, cell engineering, mechanoporation, droplet 
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Potential Prostate Cancer Biomarkers 
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Although urinary exosomal microRNAs (miRNAs) have recently emerged as potential biomarkers, clinical 
applications are still limited due to their low concentration in small volumes of clinical samples. Therefore, the 
development of a non-invasive, specific diagnostic tool, along with profiling exosomal miRNA markers from 
urine, remains a significant challenge. Here, we present hydrogel-based hybridization chain reaction (HCR) for 
multiplex signal amplification to detect urinary exosomal miRNAs from human clinical samples. We succeeded 
in identifying small amounts (~amol) of exosomal miRNAs from 600 μL of urine with up to ~35-fold 
amplification and enhanced detection limits by over an order of magnitude for two miRNA biomarker candidates, 
hsa-miR-6090 and hsa-miR-3665. Furthermore, we proposed ratiometric analysis without requiring normalization 
to a reference miRNA and validated the clinical diagnostic potential toward differentiating prostate cancer patients 
from healthy controls. Our hydrogel-based HCR could serve as a new diagnostic platform for a non-invasive 
liquid biopsy before burdensome tissue biopsy of various diseases, including prostate cancer screening, 
complementing the PSA test. 
  
Keywords : urinary exosome, miRNA, hydrogel microparticle, diagnostics, prostate cancer 
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Long double-stranded RNAs (dsRNAs) are duplex RNAs that can induce an immune response when present in 
mammalian cells. These RNAs are associated with viral replication, but recent evidence suggests that human cells 
naturally encode endogenous dsRNAs. Similar to their viral counterparts, cellular dsRNAs are recognized by 
innate immune response proteins such as Protein Kinase R (PKR). Upon binding to dsRNAs, PKR undergoes 
dimerization and autophosphorylation. Activated/Phosphorylated PKR (pPKR) then regulates translation and 
provides cue to multiple signaling pathways. 
 
Our laboratory investigates the regulation and function of cellular dsRNAs through their interaction with innate 
immune response proteins such as PKR. Recently, we showed that a major class of PKR-interacting RNAs is 
provided by mitochondrial RNAs. Mitochondrial RNAs can form intermolecular dsRNAs owing to bidirectional 
transcription of the circular mitochondrial genome and regulate PKR phosphorylation and signaling. Moreover, 
we found a close association between mitochondrial RNA expression and the progression of various human 
diseases where PKR overactivation was reported, such as osteoarthritis and autoimmune disease. In this 
presentation, we discuss our recent efforts to investigate the role of mitochondrial RNAs in the pathogenesis of 
human diseases and the therapeutic potential of targeting these RNAs. 
 
Keywords : innate immune response, double-stranded RNAs, RNA therapy, osteoarthritis, autoimmune disease 
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In recent years, it has become apparent that only less than 1% of the microbes can be cultured by conventional 
culture methods. The remaining microbes are called “microbial dark matter”1) since they are arduous to cultivate 
due to the lack of knowledge about the unknown but required growth conditions. These microbes are expected to 
have potential uses in academic and industrial fields; and to this end, comprehensive genome analysis needs to be 
actively conducted, although the practical use of such microbes cannot be elucidated only by base sequencing. As 
per bioengineering point of view, there is a need for new technologies of screening, isolation, cultivation, 
preservation, and evaluation of their industrial applications. 
I would like to propose a method that enables the cultivation of unculturable microbes by reviewing the basic 
concepts and methods that have supported microbiology until now. The shake flask culture is one of the most 
common conventional culture methods. Shake-flask cultivation in Erlenmeyer flasks with breathable culture plugs 
was first developed in 1932 and is still used all over the world. However, the culture environment in the flasks 
has not been fully clarified. 
In this presentation, I will talk about my recent research (2-6) regarding the analysis of the characteristics of 
fundamental techniques (shake flask culture and agar plate culture) and its application in the development of new 
culture methods. 
 
Keywords : agar plate medium, microbial dark matter, shake flask culture 
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A critical step in the process of converting renewable resources into valuable biomaterials is the proper enzymatic 
process to provide fermentable sugars. Thus, the designed microbes based on enzyme complexes are a key 
biological technology for biorefinery. Corynebacterium glutamicum is one of attractive designed microbes for 
production from essential primary metabolites to high-valued chemicals such as l-cysteine, taurine, carnosine, 
heme, porphyrin and biliverdin, because it can produce various amino acids and is being used in industry. Thus, 
designing metabolic pathways of this industrial microbe to tailor the final product production is a key 
biotechnology and can be alternative process for large-scale and high-yield production. In conclusion, 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. 
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Quorum sensing (QS) is a cell-cell communication mechanism that allows bacterial populations to coordinate 
gene expression in response to cell density. The majority of the QS systems thus far described in gram-negative 
bacteria rely on N-acyl-l-homoserine lactone (AHL) as signaling molecules. AHL-mediated QS regulates the 
expression of many genes, which is responsible for bioluminescence, production of pigments and antibiotics, 
biofilm formation; and many other factors that are important for pathogenicity. In general, AHL-negative mutants 
show defects in pathogenicity; hence, it is expected that disrupting or manipulating the QS signals could inhibit 
the expression of virulence and infection of host cells. Many AHL-degrading genes have been cloned and 
characterized from bacteria, fungi, mammalian cells, and metagenomic libraries constructed from environmental 
soil samples. AHL-degrading enzymes have been divided into two functional groups. AHL-lactonase, which 
catalyzes AHL ring opening by hydrolyzing lactones, and AHL-acylase, which hydrolyze the amide bond of AHL. 
In this study, we tried to obtain novel AHL-degrading genes from the environmentally isolated bacteria. 
 First, AHL-degrading bacteria were screened from a total of 406 isolates from 24 different the potato leaves. 
Phylogenetic analysis revealed the presence of two novel AHL-degrading bacteria, Microbacterium 
testaceum and Solibacillus silvestris in the potato phyllosphere1. For cloning the novel AHL-degrading gene 
from M. testaceum StLB037, a new screening system was constructed using Vibrio fischeri lux-based screening 
system. As the results, aiiM gene, which shows high homology with the α/β hydrolase fold family from 
actinobacteria, showed high AHL-degrading activity2. HPLC analysis revealed that AiiM works as an AHL-
lactonase that catalyzes AHL ring opening by hydrolyzing lactones. The aiiM gene homologues were identified 
in the other eight AHL-degrading Microbacterium strains, which were isolated from the various potato leaves. 
The similarity of the chromosomal locus of aiiM gene is associated with the phylogenetic classification based on 
16S rRNA. We also searched for the homologues of the reported AHL-degrading genes in the complete genome 
sequences of S. silvestris StLB046. One predicted ORF, designated as ahlS, showed a certain degree of similarity 
to known AiiA-like AHL lactonases from Bacillus cereus group. Purified AhlS showed high AHL-degrading 
activity and catalyzes AHL ring opening by hydrolyzing lactones3. Expression of aiiM or ahlS in plant 
pathogen Pectobacterium carotovorum subsp. carotovorum attenuated maceration of the potato slices. These 
results indicated that the expression of AiiM and AhlS contributed to the self-degradation of AHLs and the 
interruption of expression of pectinase and pathogenicity, which were regulated by AHL-mediated quorum 
sensing. AHL-degrading bacteria were also screened from a total of 413 isolates from the potato roots. Based on 
their 16S rRNA gene sequences, most of these isolates were assigned to the genus Chryseobacterium4. AHL-
degrading gene was screened using the lux-based screening system from the genome of Chryseobacterium sp. 
StRB126. As the results, aidC gene, which shows homology to several metallo-β-lactamase proteins from 
Bacteroidetes, has been cloned as the AHL-degrading gene4. AidC functioned as an AHL-lactonase catalyzing 
AHL ring opening by hydrolyzing lactones. This is the first report of AHL-degrading gene from Cytophaga-
Flavobacteria-Bacteroides (CFB) group which includes the genus Chryseobacterium. 
 In this presentation, we also show the recent studies about AHL-degrading bacteria and enzymes from 
environmental resources except for plant. 
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Yeasts offer sustainable and economical ways to produce fuels and chemicals. Metabolic engineering and 
synthetic biology have accelerated the development of engineered yeasts capable of producing non-native 
chemicals. However, the production titers and yields remain suboptimal. Here, we discuss our engineering efforts 
to improve the performance of engineered yeasts in the synthesis of bioproducts. First, we introduced and 
optimized a heterologous pathway enabling biosynthesis in yeasts. The metabolic flux was then redirected toward 
the biosynthetic pathway by incorporating secondary sugar or acids as substrates. The directed evolution of an 
enzyme further improved the cell performance and is becoming a more powerful engineering tool with the help 
of structure-guided engineering strategies and machine learning-based prediction of enzyme activity. These efforts 
would improve the potential of engineered yeasts in the industrial production of fuels and chemicals in a more 
sustainable way. 
 
Keywords : yeast engineering, bioproducts, Saccharomyces cerevisiae, Yarrowia lipolytica, directed evolution 
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Worldwide crisis on fossil fuel depletion and environmental pollution as well as impact toward climate change 
have diverted our attention towards the utilization of renewable sources for biobased fuels. Agricultural biomass 
is one of the most abundant renewable sources generated every year. Consisted of high polysaccharides 
composition of cellulose or starch or both, this type of biomass has high potential to be used as a source of energy 
to replace our dependent on fossil fuel. Biobutanol, a 4-carbon alcohol has been noted as one of the potential fuel 
that can be used as alternative to gasoline. It can be produced through acetone-butanol-ethanol (ABE) fermentation 
by anaerobic bacteria mostly Clostridium sp. Although the production of biobutanol is possible to be produced 
from agricultural biomass, the yield of biobutanol is considerably low to penetrate the industrial production and 
compete with the fossil fuel price. Therefore, various strategies have been explored to improve biobutanol 
production, with the aims of increasing the yield and reducing the processing cost. Simultaneous saccharification 
and fermentation (SSF) able to increase biobutanol yield and at the same time reduce the processing steps by 
combining saccharification and fermentation in one process. To further improve, sequential substrate and enzyme 
feeding has been introduced that capable to increase the sugar concentration and reduce the enzyme loading by 
50% for cellulase and 80% for amylase. This approach could reduce the production cost since enzyme is one of 
the major cost in the production of biobutanol. Notably, ABE fermentation is also producing biohydrogen in the 
early stage of fermentation. Recovery of this biohydrogen can add value to the whole production operation. 
Overall, biobutanol production from renewable biomass has high potential when implemented with a suitable 
approach of bioprocessing. 
  
Keywords : bioenergy, biobutanol, biohydrogen, climate change, fermentation 
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Electrochemical and photoelectrochemical synthesis is a promising technology for the efficient use of clean but 
intermittent renewable energy resources. In principle, various chemicals can be produced in a sustainable manner 
through (photo)electrochemical reduction using water as a cheap and clean source of electrons. However, 
oxidation of water is a challenging task and acts as a bottleneck for the practical application of solar- and power-
to-chemical energy conversion due to slow kinetics originating from its complex four-electron transfer process. 
In addition, it requires the use of expensive catalysts and causes reliability issues. In this presentation, we report 
that various types of biomass can be used as cheap and efficient electron sources. In particular, electrons can be 
readily extracted from biomass using phosphomolybdic acid (PMA), which can act as a catalyst for oxidative 
depolymerization of biomass and an electron mediator. PMAs can be reduced upon oxidation of biomass and then 
oxidized on an anode at a potential much lower than that for water oxidation. Furthermore, value-added chemicals 
such as vanillin and acetovanillone are produced as byproducts upon oxidative depolymerization of lignin. As a 
result, this approach allows efficient (photo)electrochemical production of hydrogen at acidic pHs and brings 
additional economic benefits from byproducts. 
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Photosynthetic microalgae and cyanobacteria can fix CO2 and transfer to various carbon-based materials, such as 
carbohydrates, lipids, and proteins1. Therefore, applications of microalgae have been globally interested in various 
industrial and environmental areas for production of valuable materials and reducing carbon emission, 
respectively1,2. However, the microalgal-based applications are faced to address high cost and energy demands 
for cultivation, conversion, and harvesting3. In the present study, we applied the adsorption-based technology to 
green microalga Haematococcus sp. for efficient cultivation, material induction, and harvesting processes. 
Various materials including chitosan and polyethyleneimine (PEI) were applied in different microalgal growth 
states, and it was found that the efficiencies of cell cultivation, induction, and harvesting processes could be 
enhanced depending on applied adsorbent materials. Especially, the harvesting process using adsorption 
technology was successfully applied for removal of cyanobacterial species, Microcystis aeruginosa which can 
occur harmful algal blooms in fresh water. In addition, the almost of removed M. aeruginosa cells could be 
recovered without any loss of lipid content in the cells from used adsorbents through simple desorption process. 
In an adsorption technology, sufficient adsorbents can be designable considering application environments using 
various materials, and additional processes and energy and chemical are not required4. Therefore, the adsorption-
based technology could be one of solutions to efficiently control microalgal-based processes in industrial and 
environmental uses. 
 
Keywords : microalgae, adsorption, CO2 fixation, Cyanobacterial species, bioengineering, harmful algal bloom 
(HABs), adsorbnet 
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Microalgal biomass has been intensely studied for the materials to produce biodiesel using their lipid. However, 
the market for biodiesel is expected to shrink considerably because of changes in policies on internal combustion 
engines all over the world. Also, their economic feasibility compared to conventional fossil fuels has not secured 
the competitive and the production amount has never reached to industrial scale. 
In this circumstance, in this study, the future pathway for algal biomass has been discussed with three items. 
Firstly, drop-in biofuels (transformed alkane fuel) would be a new form of the lipid-based product. For the high 
energy density required area, the battery could not be a alternative, therefore drop-in biofuel could be the only 
carbon-neutral alternative. Also, algal refinery based on CO2 reduction rather than high lipid production could be 
the primary target. So far, for the higher productivity of lipids from algal biomass, excessive amount of CO2 was 
supplied, however, in this condition, most culture systems dissipate at least 50% of supplied CO2 into the 
atmosphere. As a renewable carbon capture and utilization, algal cultivation system should improve the ability of 
CO2 reduction efficiency. Last of all, novel renewable refinery process for whole-cell biomass should be 
developed. Though lipid-based algal biorefinery has been developed well, still, there are remaining 50~60% of 
total biomass called lipid extracted algae (LEA) composed of carbohydrate, protein, and others. Therefore, there 
should be additional optimization on the whole-cell biorefinery processes for the balanced utilization of biomass 
and for the harmonized production of the final merchandise. Ideally, it would be another type of refinery process 
conducting utilization of carbohydrate, protein, and lipid at the same time.  
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Bioscience, Wallace H. Coulter Department of Biomedical Engineering, Institute for Electronics and 
Nanotechnology, Georgia Institute of Technology, Atlanta, GA, USA 
Corresponding Author Email : ytkim@gatech.edu 
 
Treatment of medulloblastoma (MB), the most common malignant childhood brain tumor, includes surgery, 
radiation, and chemotherapy. In particular, the sonic hedgehog subtype of medulloblastoma (SHH MB) is 
associated with treatment failure and poor outcome in older children and those with metastatic disease. Radiation 
continues to be main treatment for MB, in part due to the limited ability of conventional chemotherapies to 
effectively cross the BBB; however, this therapy results in significant deleterious off-target effects on the 
childhood brain. This talk presents a novel design of BBB-penetrant biomimetic nanoparticles decorated with a 
targeting ligand (CD15) and loaded with a SHH inhibitor (LDE225). We demonstrate the dual targeted delivery 
and enhanced therapeutic effect of eHNP-A1-CD15-LDE225 via scavenger receptor class B type 1 (SR-B1) and 
CD15 on brain SHH MB cells in vitro, ex vivo, and in vivo. Moreover, we show that eHNP-A1 not only serves 
as a stable drug carrier, but also has a therapeutic effect itself through SR-B1 mediated intracellular cholesterol 
depletion in SHH MB cells. Taking advantage of HDL’s primary function of transporting cholesterol in our body, 
we show the use of eHNP-A1 as an efficient cholesterol transporter from the cytoplasm of SHH MB cells to the 
extracellular region. The depletion of intracellular cholesterol in SHH MB cells led to the cytotoxicity observed, 
presumably by inhibiting the SHH pathway, confirming the potential of eHNP-A1-CD15-LDE225 as not only a 
robust delivery vehicle of therapeutic molecules across the BBB, but also as a therapeutic agent itself that could 
also potentially counteract resistance. The enhanced efficacy attributed by eHNP also suggests the potential of 
minimizing the systemic dose of other chemical drugs that are detrimental if non-specifically released during the 
circulation. Through the facilitated and targeted cellular uptake of drugs and direct therapeutic role of this 
engineered biomimetic nanocarrier in SHH MB, our multifunctional nanoparticle provides intriguing therapeutic 
promise as an effective and potent nanomedicine for the treatment of SHH MB. With the successful in 
vivo validation of the platform using our eHNPs, this study suggests a new viable strategy by which to deliver 
many other chemical drugs that are reportedly unable to cross the BBB, have low bioavailability, or systemic and 
off-target effects in CNS therapeutics. 
  
Keywords : Medulloblastoma, nanoparticle, biomimetic, HDL 
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 S482   Therapeutic Effect Found in Human Adult Stem Cells with Specific Light Treatment 

 
Suk Ho BHANG 
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Corresponding Author Email : sukhobhang@skku.edu 
 
In this presentation, we will introduce the optimized parameters for organic light-emitting diode (OLED)-based 
photobiomodulation (OPBM) to enhance the expression of angiogenic paracrine factors in human adipose-derived 
stem cells (hADSCs). We will also show the verified underlying molecular mechanism, which have not been 
reported previously. Importantly, we established the criteria for photobiomodulation (PBM) using a commercially 
available light source and optimized the customized light sources with disparate conditions. Using new OPBM 
strategy, we significantly enhanced the therapeutic angiogenic efficacy of hADSCs, as well as surmounted 
limitations associated with previous PBM studies, that is, (1) the inability to clarify the therapeutic molecular 
pathways, (2) the need to establish remedial protocols, (3) the thermal damage caused by heat from light sources, 
and (4) the challenges associated with the limited duration and area of light irradiation. Our OPBM strategy can 
be easily employed in conventional cell culture systems and may exhibit synergistic therapeutic effects with tissue 
engineering and regenerative medicine strategies based on cell therapies. 
 
Keywords : organic light-emitting diode, photobiomodulation, human adipose-derived stem cells, therapeutic 
effects 
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 S483   Disturbed Flow-targeting Nanovesicles as a New Therapeutic for Atherosclerosis 

 
Jeong-Kee YOON 
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Corresponding Author Email : jyoon342@cau.ac.kr 
 
Irreversibility of the atherogenic cascades highlight the need for early diagnosis and prevention. Disturbed blood 
flow is one of the earliest atherogenic events, inducing endothelial dysfunction and subsequent inflammatory 
responses. Here, we present a human mesenchymal stem cell (hMSC)-derived nanovesicle (NV) with the peptide 
GSPREYTSYMPH (PREY) (PMSC-NVs) that can target disturbed flow sites. The PMSC-NVs were effectively 
produced from hMSCs using plasmid DNA designed to functionalize the cell membrane by displaying PREY on 
the outer surface. We confirmed the potent therapeutic and diagnostic effect using in vivo mouse and porcine 
partial carotid artery ligation model or human microfluidic disturbed flow model, suggesting the potential for 
clinical translation by using models from multiple species. This nanoscale platform is expected to contribute to 
the development of new theragnostic strategies for preventing the progression of atherosclerosis. 
 
Keywords : atherosclerosis, stem cells, nanovesicles, disturbed flow 
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 S484   Regenerative Potential of Tonsil-derived Mesenchymal Stem Cells Using Hydrogel Systems 

 
Yoon Shin PARK 
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Since the discovery of the stem cells and multipotency of mesenchymal stem cells (MSCs), the application of 
MSCs to the field of tissue engineering has been increasing. Despite various research applications, bone marrow-
derived MSCs are in need of other sources of MSCs applications due to its limitations such as the invasiveness of 
sampling, low yield and proliferation rate, and low practicality in clinical applications. TMSCs were isolated from 
tonsillar tissue obtained from a pediatric tonsillectomy. The isolated TMSCs were differentiated into parathyroid 
tissues that secrete parathyroid hormone (PTH) using ActA and Shh. In addition, bone differentiation ability by 
secreted PTH was investigated. For TMSCs, the parathyroid gland and bone differentiation capacity were 
investigated using TMSCs-embedded gelatin-based hydrogel. Here, we would like to present palatine tonsil-
derived MSCs (TMSCs) as novel MSCs with excellent proliferation rate, low immunogenicity, and ease of 
acquisition. In particular, TMSCs are considered to have high application potential because they can be divided 
into not only the mesoderm lineage but also the endoderm lineage and the ectoderm lineage. We found that TMSCs 
exhibit improved differentiation potential, including parathyroid tissue and bone. In particular, when they are 
embedded in polymer-derived hydrogels, they offer therapeutic potential with significantly improved differentia-
tion and regeneration efficiency. Based on the differentiation and therapeutic abilities of TMSCs, various tissue 
engineering applications can be proposed. 
 
Keywords : tonsil-derived mesenchymal stem cells (TMSCs), hydrogel, parathyroid tissue, bone, differentiation 
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 S491   Biological Conversion of Aromatic Compounds Derived from Lignin by Pseudomonas 
putida KT2440 

 
Gregg T. BECKHAM 
Renewable Resources and Enabling Sciences Center, National Renewable Energy Laboratory, Golden, CO, USA 
Corresponding Author Email : Gregg.Beckham@nrel.gov 
 
Lignin is a heterogeneous aromatic polymer that when broken down commonly results in a heterogeneous slate 
of aromatic compounds, thus presenting a challenging substrate for valorization, especially to biochemicals that 
require high purity for use as polymer precursors and in other applications. The concept of biological funneling, 
or the use of a microbial catalyst to convert heterogeneous mixtures of compounds to single target products, has 
emerged as a leading candidate process to valorize mixtures of lignin depolymerization products. This talk will 
cover efforts in our group to realize the concept of biological funneling in the soil bacterium, Pseudomonas 
putida KT2440, which is a robust, genetically tractable host that harbors substantial toxicity tolerance to aromatic 
compounds as well as broad catabolic potential to funnel aromatic compounds to central carbon metabolism. To 
date, we have achieved high titers (~50 g/L), rates (0.5-1 g/L/hr), and yields (~100%) of several aromatic catabolic 
intermediates in this strain from aromatic monomers, engineered the bacterium to be able to cleave aromatic 
dimers, and have improved its bioprocess performance through combinations of metabolic engineering and 
bioprocess development. This talk will cover recent highlights from this work. 
 
Keywords : lignin valorization, Pseudomonas putida KT2440, biological conversion, bioprocess development, 
polymer precursors 
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 S492   Bioprocess Development for the Production of Bioplastic Monomers from Aromatic Compounds 
Derived from Lignin 

 
Dong Hyun KIM 
Department of Marine Food Science and Technology, Ganeung-Wonju Natioanl University, Gangneung, Korea 
Corresponding Author Email : dhkim85@gwnu.ac.kr 
 
Due to the indiscriminate use of fossil fuels, leaving tremendous amounts of greenhouse gases, climate change 
including global warming globally occurs. Thus, to prevent it, the utilization of renewable biomass has been 
receiving much attention to replacing fossil fuels. Among biomass, lignocellulose has been studied to produce 
biofuels and bio-based chemicals. Exist biorefinery using lignocellulose tried to mainly use the carbohydrates 
derived from cellulose and hemicellulose to produce biofuels like bioethanol. However, the effort to produce 
bioethanol from lignocellulose was regarded to be uneconomical. Therefore, to overcome the economical issue, 
many researchers have been trying and utilize carbohydrates as well as lignin that was regarded as byproducts and 
were not utilized and thrown away. Lignin accounts for 20 to 30% of lignocellulose and consists of heterogeneous 
aromatic compounds. For lignin valorization, aromatic compounds derived from lignin were converted to 
bioplastic monomers such as muconate and β-ketoadipate using engineered Pseudomonas putida KT2440. In this 
talk, bioprocess development will be covered to increase the titer, yield, and productivity of target products. 
 
Keywords : lignin valorization, muconate, β-ketoadipate, bioprocess development, engineered Pseudomonas 
putida 
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 S493   Microbial Production of Value-added Chemicals from Aromatic Feedstock through Biological 
Funneling 

 
Jeong Chan JOO 
Department of Biotechnology, The Catholic University of Korea, Bucheon, Korea 
Corresponding Author Email : jcjoo@catholic.ac.kr 
 
There have been tremendous effects to efficiently produce high-value-added chemicals and fuels from used 
feedstock such as lignin or plastic waste. Lignin accounts for 10-35% of woody biomass but has high structural 
complexity and inhomogeneity, which impedes the production of value-added biochemicals. PET waste becomes 
an important carbon resource for the recycling and valorization of plastics. Here, an aromatic compound-
catabolizing strain Pseudomonas putida is metabolically engineered to produce value-added chemicals i.e., 
vanillic acid, catechol, gallic acid, muconic acid, and 2-pyrone-4 6-dicarboxylic acid from lignin-derivatives and 
PET. Value-added chemicals were synthesized from lignin-derived monomers i.e., p-coumaric acid and ferulic 
acid through protocatechuic acid by biological funneling. The same approach was applied to PET upcycling 
because terephthalic acid can be biologically funneled into protocatechuic acid. 
 
Keywords : lignin, PET, biological funneling 
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 S494   Electrochemical Depolymerization of Lignin for Lignin-First Biorefinery 

 
 
Jungki RYU1,2,3, Yuri CHOI1,2,3, Hyeonmyeong OH1,2 
1Department of Energy Engineering, School of Energy and Chemical Engineering, Ulsan National Institute of 
Science and Technology (UNIST), Ulsan, Korea, 2Emergent Hydrogen Technology R&D Center, UNIST, Ulsan, 
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Corresponding Author Email : jryu@unist.ac.kr 
 
Efficient and selective depolymerization of lignin is a prerequisite for practical application of biorefinery by 
lignin-first approaches. Despite numerous efforts devoted in the several decades, it still remains a highly 
challenging task due to the structural diversity and recalcitrance of lignin. Most depolymerization methods rely 
on harsh processing conditions, are found to be effective only for fractionated lignin, and/or result in the formation 
of highly diverse products. In this talk, I will present our recent findings on the selective depolymerization and 
valorization of lignin by electrochemical methods. By using soluble electrochemical catalysts and precisely 
controlled conditions, in lignocellulose, only lignin can be selectively depolymerized, whereas cellulose and 
hemicellulose remain close to intact. The present approach has a relatively low efficiency compared to reductive 
catalytic fractionation methods, which is known as the most efficient method for the fractionation of lignin from 
lignocellulose. However, it allows highly selective production of vanillin and acetovanillone without any 
additional chemicals (e.g., reductant and oxidants). This suggests a high potential of electrochemical methods for 
lignin fractionation for lignin-first biorefinery. Lastly, I will discuss the limitations and future perspectives of the 
suggested methods. 
 
Keywords : biorefinery, lignin-first, electrochemistry 
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 S4101   A Robust Evaporative Deposition-polymerization Approach for Synthetic and Biopolymeric 
Hydrogel Films Containing Micropatterned Artificial Opal Structures 
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Opal-structured thin-film hydrogel materials hold great potential for utility in a wide range of sensing applications. 
However, it remains challenging to manufacture such potent materials in a rapid, inexpensive and reliable manner. 
Existing techniques suffer from long opal deposition times, and often involve complex and arduous steps. In this 
study, we examined a simple micromolding-based evaporation-polymerization method for the fabrication of poly 
(ethylene glycol)-based hydrogel films containing micropatterned opal structures. 
 
Intense and uniform opalescent colors were achieved by a simple evaporative deposition of polystyrene (PS) bead 
solution in patterned micromolds. The observed colors, diffraction spectra and PS bead sizes measured with 
dynamic light scattering (DLS) all correlated well with expected values through modified Bragg equation, 
confirming reliable assembly as well as simple and robust fabrication scheme. 
These micropatterned opal structures were then captured in hydrogel films by simple photopolymerization of a 
UV-curable poly(ethylene glycol) diacrylate (PEGDA) solution. The as-prepared films show high tunability as 
well as responsiveness to various environmental cues such as humidity readily manifested via shifts in color easily 
observable with bare eyes.  
 
Combined with UV-vis reflectance spectroscopy and SEM results, these evidences illustrate the robust, simple 
and reliable nature of our integrated deposition-polymerization approach for controlled fabrication of optically 
active and stimuli-responsive functional materials. We thus envision that the results and the facile approach 
reported here can be extended to many applications including environmental monitoring, medical diagnostics and 
biosensing applications. In this presentation, our recent progress on a range of biopolymer-mediated fabrication 
and responsiveness studies will also be highlighted. 
  
Keywords : artificial opals, biopolymeric hydrogels, biomaterials, micropatterning 
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 S4102   Biodegradable Electroactive Materials for Bioelectronics 
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Natural systems utilize multifunctional biocomposites by a bottom-up assembly of nanomaterials for creating 
hierarchical and multiphasic structures. Inspired by nature, we introduce multifunctional nanocomposites from 
naturally derived materials including conductive melanin-like polydopamine (PDA). While PDA has barely been 
used in bioelectronics because of its low electrical conductivity and poor material functionalities, here we present 
that natural melanin nanoparticles are structured to possess finely tunable electrochemical conductivities, optical 
reflectivity, and casting shape stability with inherent biocompatibility. Furthermore, a process of creating 
electrically conductive PDA has been recently developed in our laboratory and thus we want to present their 
unique functional features in the applications of biosensor and bionic interface. These melanin-like PDA 
composites can be used as essential functional materials in emerging bioelectronic applications such as biotic-
abiotic interfaces, edible sensors and actuators, and eco-green electronics.  
 
Keywords : eco-friendly electronics, biodegradable electronics, conductive biocomposites 
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 S4103   Lipid Conjugates for Artificial Lipid Membranes 
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Numerous intracellular life events, such as drug delivery through cell membranes and interactions between cells, 
are mediated through phospholipid membranes with membrane proteins. However, studies on the roles and 
functions of these cell membranes have often encountered difficulties due to the complexity of the cell membrane, 
and the need for an artificial cell membrane model with high reliability and utility is emerging. 
A new artificial cell membrane system developed to solve this limitation is tethered lipid bilayers with DNA-lipid 
conjugates or polymer-lipids. The DNA scaffold separates the cell membrane from the surface, providing a more 
natural environment for the membrane proteins. The structure of this novel artificial cell membrane model directly 
resembles a neural synapse, so we showed that this model system can be applied to the study of cell membrane 
fusion mechanisms such as the SNARE protein model to successfully induce membrane fusion and material 
delivery. We systematically investigated the influence of DNA conjugates density and characterized the 
membrane binding dynamics of membrane-active peptides on tethered lipid membranes using AH peptide as a 
model. Our work highlights the prospect of modulating membrane-lipid conjugates interactions, which will 
facilitate the creation of model membrane systems with highly tailored functionalities. 
  
Keywords : tethered lipid membrane, DNA-lipids, membrane proteins, membrane-active peptides 
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Very recently, biomolecule or bioconjugated nanostructures have been surpassing different types of applications, 
such as bioelectronic devices. Meanwhile, bioelectronic devices have drawn more attention due to transient 
electronics and implantable electronics, which can open up novel innovations related to internet of things and 
metaverse platform. In this presentation, it can be demonstrated that how biomolecule or bioconjugate 
nanostructures could be integrated into fabrication process of electronic device, especially focusing on memory 
devices. Versatile methods of self assembly monolayer (SAM) formation out of bio-nanostructures will be 
discussed for memory devices, which can eventually facilitate an era of synthetic chemical production of the 
nanostructured biomolecules through biofactory. 
  
Keywords : bioelectronics, nanostructure, SAM 
 
 
 
  

Advanced Biotechnology for Human Society2022 한국생물공학회 춘계학술발표대회 및 국제심포지엄
2022 KSBB Spring Meeting and International Symposium

63



 
 
 
 
 
 
 
 

 
 
 
 
 
 
  

[S4-11] 

Recent Advances in  

Nanobioengineering 

Advanced Biotechnology for Human Society2022 한국생물공학회 춘계학술발표대회 및 국제심포지엄
2022 KSBB Spring Meeting and International Symposium

64



 S4111   Surface-Confined Assembly of Metal-Phenolic Networks for Biointerface Engineering 

 
Hirotaka EJIMA 
Department of Materials Engineering, School of Engineering, The University of Tokyo, Tokyo, Japan 
Corresponding Author Email : ejima@g.ecc.u-tokyo.ac.jp 
 
Polyphenolic molecules such as tannic acid show universal adherent properties. By adding metal ions as cross-
linkers, metal-phenolic network (MPN) films are assembled in a surface-confined manner.1 This MPN film 
deposition can be performed on various substrates, due to the substrate-independent adhesion properties of the 
polyphenol, including inorganic, organic, and biological particles, as well as planar substrates. The 
physicochemical properties of MPN depend on the polyphenolic molecules and metal ions used.2 MPNs are now 
regarded as a versatile coating platform and widely used all over the world to engineer nanomaterials and 
biointerfaces.3 For instance, the MPN coating can even be applied to yeast,4 bacteria,5 algae,6 and mammalian 
cells5 for single cell encapsulation. In these cases, the pH responsive assembly/disassembly of MPN enabled 
mimicking both sporulation and germination processes. The UV absorption peak of TA protect the cell from 
damage caused by photoirradiation, and transport barricading kept cells viable in alcoholic solutions and 
nanoparticle suspensions. Furthermore, the coating also suppressed cell division. Therefore, the MPN-coating 
platform may be useful for living cell-based materials research. 
  
Keywords : tannic acid, metal-phenolic network, catechol, gallol 
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 S4112   Single Nanoparticle-embedded Nanopit Arrays: A New Way to Control Neural Stem Cell 
Differentiation 
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Stem cells are a highly promising source for regenerative therapies due to their intrinsic ability to produce all 
kinds of somatic cells. The generated desired cell types can be used to replace the damaged cells and tissues in 
the human body or to establish in vitro model cell line for drug screening or toxicity assessment. However, 
complex experimental steps to achieve specific cell types in vitro are generally laborious and time-consuming. 
Such complexity in the production process often results in high variations in stem cell differentiation, which may 
be critical in commercializing stem cell-based products. Here, we report a new platform that enables highly 
efficient neuronal cell generation of neural stem cells using single metal–organic framework nanoparticle (MOF)-
embedded nanopit arrays (SMENA). Metal–organic frameworks (MOFs), compounds composed of metal ions 
and organic ligands, have emerged as a promising porous nanomaterial due to the excellent uniformity in their 
crystalline structure and controllable various factors, including structure type, geometry, and size of metal-
containing unit, size of the pore, and size of nanocrystal. To take advantage of these interesting features of MOFs, 
the nanoparticle designed for the long-term release of retinoic acid was synthesized and characterized. By 
optimizing the physical parameters of homogeneous nanohole patterns via interference lithography, we could 
embed single nanoparticles in single nanoholes with 98.3% loading efficiency. The MOF nanoparticles can load 
RA within a short incubation time (<48 h) and were capable of releasing RA for a long period of time (>14 days). 
Remarkably, the neural stem cells (NSCs) cultured on the NFP were successfully converted to neuronal cells 
without adding complex external differentiation factors after two weeks of cultivation. Both neural cell generation 
and maturation were significantly enhanced on the SMENA compared with the control group (i.e., neural cells 
achieved via conventional culture method) based on several neurogenesis markers, including Tuj1, NeuroD1 and 
MAP2. The results indicate that the developed SMENA is useful for simplifying the experimental procedures but 
also effective in guiding neural cell generation from stem cells. The platform can load various types of 
differentiation factors and can thus be used for different stem cell sources (e.g., mesenchymal stem cells and 
pluripotent stem cells). Therefore, it can be concluded that our new sensing platform is potentially useful for 
various stem cell-based applications.  
 
Acknowledgements: This research was supported by the National Research Foundation of Korea (NRF) grant 
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We present a brain-on-a-chip platform in which multiple types of human brain-originated brain cells were 
cocultured in a 3D microenvironment with perfusable brain microvasculature. The brain microvasculature was 
fabricated by using microneedles as templates. The removal of microneedles after the gelation of the collagen 
matrix allowed the formation of collagen channels with the identical diameter of microneedles. By seeding the 
brain microvascular endothelial cells in the luminal surface of the channel and embedding other neural cells in the 
collagen, a 3D brain model was prepared. The brain microvasculature physiology was confirmed through 
transendothelial permeability, immunofluorescence imaging, and cytokine assay. Neuropathology such as brain 
tumor, Alzheimer’s disease, and particulate matter-induced neuroinflammation were recapitulated in the brain-
on-a-chip platform. Pathophysiological features as well as the efficacy of pharmaceutical candidates were 
evaluated in the platforms. We believe that the brain-on-a-chip technology can not only help the unraveling of 
underlying mechanisms of brain diseases but also testing the efficacy of potential pharmaceutic candidates. 
 
Keywords : brain-on-a-chip, mimicking, microvasculature, physiology, pathology 
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 S4114   Controlled Surface Functionalization of Nanoparticles for Targeted Drug Delivery Systems 

 
Jinmyoung JOO 
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Corresponding Author Email : jjoo@unist.ac.kr 
 
Surface modification of nanoparticles with polyethylene glycol (PEG) is widely applied as a passive layer 
formation to reduce protein corona formation. The nonspecific adsorption of serum proteins and opsonization 
process is one of the major concerns disturbing the target receptor recognition. We developed a tailored surface 
functionalization of PEG for mesoporous nanoparticles. Despite of huge potential as a drug delivery carrier, 
mesoporous nanoparticles suffered from incomplete coverage of surface ligands such as PEG molecules, resulting 
in susceptible protein corona nucleation on the naked cavity. A secondary packaging with shorter PEG chains 
enables the conformational transition of PEG ligands from sparse mushroom to stretched brush layer, thus leads 
(1) the outward orientation of targeting moieties to the target receptor, (2) reduced protein corona formation, and 
(3) delayed release of drug payloads by molecular capping on the pores. The simple but robust surface 
functionalization is suggested as a promising anti-opsonization and enhanced targeting (> 5-fold) strategy for 
efficient intracellular delivery of the various porous nanoparticles. Controlled surface grafting of PEG on the 
mesoporous surface will be broadly applied as an anti-opsonization strategy that requires the stealth shealing and 
controlled drug release. 
  
Keywords : polyethylene glycol, drug delivery, gene therapy, mesoporous nanoparticle, surface chemistry 
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 S5001   Synchronizing Soil Microbiota via Plant to Plant No-contact Communication 

 
Hyun Gi KONG1,2, Geun Cheol SONG2,3, Hee-Jung SIM4, Choong-Min RYU2 
1Major of Plant Medicine, Chungbuk National University, Cheongju, Korea, 2Molecular Phytobacteriology 
Laboratory, Infectious Disease, Research Center, KRIBB, Daejeon, Korea, 3Plant Nutrition Laboratory, 
Industrial Microbiology Center, CJ, Suwon, Korea, 4Environmental Chemistry Research Group, Korea Institute 
of Toxicology (KIT), Jinju, Korea 
Corresponding Author Email : cmryu@kribb.re.kr 
 
Various studies have reported that plants survive by interacting with microorganisms in their surroundings. A 
representative non-contact interaction mechanism is the production of volatiles in plants by biological and abiotic 
stimuli. Volatile compounds produced by plants serve as signals to communicate information to surrounding 
plants and promote immunity. Previous studies have shown that the rhizosphere microbiome of plants changes in 
response to changes in the immune response of the host plant. Nevertheless, studies on the direct effect of 
microbial communities on the release of volatiles by plants are limited. A new experimental rig using a plastic 
acrylic box was used to determine whether a change in the rhizosphere microbiome initiated by treating the 
rhizosphere of a plant with plant growth promoting bacteria (PGPB) changes the rhizosphere microbiome of 
surrounding plants through subsequent release. built it. Remarkably, we confirmed that the rhizosphere 
microbiome of spatially separated plants was synchronized. This suggests that the microbial community in the 
plant's rhizosphere can communicate information to surrounding plants through plant volatiles. However, further 
studies of volatile responses between different plant species are needed, and the results of these studies may serve 
as the basis for further studies to understand how the rhizosphere microbial community forms and interacts with 
plants. This study suggested the possibility of a new type of plant-to-plant communication for plant volatiles and 
plant rhizosphere microbes. 
 
Keywords : plant volatile compounds, rhizosphere, microbiome 
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 S5002   The Cooperative Decomposition of Red Seaweed Agar by Two Human Gut Bacteria Confers 
Various Health Benefits 

 
Eun Ju YUN 
Division of Biotechnology, College of Environmental and Bioresource Sciences, Jeonbuk National University, 
Iksan, Korea 
Corresponding Author Email : ejyun@jbnu.ac.kr 
 
Red seaweeds have been prevalent in the diets of Asian communities for thousands of years. Numerous health 
beneficial outcomes associated with red seaweed diets have been claimed, but the scientific molecular 
explanations to support the positive impacts of seaweed diets in aspect to the actions of gut bacteria have not been 
elucidated. Here, we investigated the enzymatic and metabolic cooperations between two human gut symbionts, 
a certain Bacteroides isolated from seaweed-eating humans and a Bifidobacterium with regard to red seaweed 
agarose degradation. We discovered that the complementary cooperative actions of two human gut 
symbionts, Bacteroides plebeius and Bifidobacterium longum ssp. infantis, decompose agarose into 3,6-anhydro-
l-galactose (AHG) and d-galactose. Notably, we revealed the in vitro anti-colon cancer activity of AHG; this 
implies that AHG can be regarded as a crucial molecule conferring beneficial physiological effects on the host. 
Our results suggest that the cooperative degradation of agarose by two human gut symbionts can be considered 
as a possible molecular-level clue of the beneficial effects of red seaweed diets. 
 
Keywords : red seaweeds, prebiotics, 3,6-anhydro-L-galactose, anti-colon cancer 
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 S5003   Attenuation of Gene Expression Couplings Through the Dynamic Allocation 
of Orthogonal ribosomes 

 
Juhyun KIM 
School of Life Science, Kyungpook National University, Daegu, Korea 
Corresponding Author Email : juhyunkim@knu.ac.kr 
 
The cellular resources required for gene expression are limited in bacterial cells. Owing to this, the expression of 
a particular gene can affect the activity of another seemingly unconnected gene and it has been shown that this 
coupling can be described by linear manifolds. These couplings can be easily measured by interrogating a simple 
genetic circuit with two different reporters with, respectively, inducible and constitutive expressions. As a 
consequence of the accumulation of one gene product, the expression of the other gene in the circuit decreases 
following a linear relationship. To mitigate competition for resources, we portioned the ribosome pool using quasi 
orthogonal ribosomes (o-ribosomes) carrying an engineered 16S RNA that specifically recognizes mRNAs 
containing a complementary RBS. We measured couplings in our test circuit making the reporters dependent on 
either host- or o-ribosomes. Interestingly, both a mathematical model and experimental results revealed that gene 
expression couplings were dramatically reduced when the expression of the circuit depends on the o-ribosomes, 
especially in the case of the constitutive reporter being under the control of the o-ribosomes. Besides, we designed 
and implemented a dynamic feedback controller system that increases o-ribosome production as the demand for 
these translational resources increases. We demonstrated that the controller leads to the complete attenuation of 
couplings. This work highlights the potential of dynamic translational resource allocation to minimize the impact 
of cellular limitations in the function of synthetic circuits. 
  
Keywords : Orthogonal ribosomes, gene expression couplings, ribosome binding site 
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 S5004   Electro-fermentation: Bioelectrochemical Metabolic Pathway Regulation for Value-added 
Chemical Production 

 
Changman KIM 
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Controlling microbial redox reactions is a central aspect of metabolic engineering strategies. Recently, successful 
implementation of bioelectrochemical (BES) systems has enabled the control of microbial redox chemistry by 
external control of electron transfer, leading to the field of electro-fermentation. Intracellular electron transfer in 
BES can bring not just the cellular redox change but also significant metabolic flux shift related with 
reduction/oxidation reactions. Electro-fermentation is defined as bioproduction using these electrochemical 
reactions, occurred by direct electron transfer from electrodes to redox-active proteins on the surface of 
exoelectrogens or indirect electron transfer through small molecule mediators [1,2]. Traditional bacterial 
fermentations have been augmented by addition of electrons, accessing products that are thermodynamically 
unfavorable under normal conditions. The process of electro-fermentation promises to augment conversions in 
the biorefinery with renewable electricity. 
 
Keywords : electro-fermentation, bioelectrochemical system, metabolic control 
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 S5005   Multiplex Oligonucleotide Library Purification by Synthesis and Selection 
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Nucleic acids (DNA or RNA) can be designed and assembled into biological systems in a programmable manner 
to create functionalities unseen in nature. As a result, complex oligonucleotide libraries are essential materials for 
various applications, including synthetic biology, therapeutics, and DNA-based data storage. However, the error 
rates in synthesizing complex oligonucleotide libraries can be substantial, affecting their performance for the 
applications. Conventional purification methods, which mainly focus on purifying species based its mobility, 
could not be applied to complex oligo libraries to lower the error rate. Since most errors that occur during the 
synthesis are deletions and insertions, I developed “Multiplex oligonucleotide libraries purification by synthesis 
and selection (MOPSS),” a length-based purification method with single-base resolution. With a customized 
system for coupling the designed number of nucleotides to the template oligos, libraries encoding the 
complementarity-determining regions (CDR) H3 (diversity > 109) were simultaneously purified, and the in-frame 
oligo ratio was increased from 49.6% to 83.5%. 
  
Keywords : synthesis and selection, DNA purification, synthetic biology 
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Membrane-based separations are the most ubiquitous unit operations and play an essential role in the production 
of all biopharmaceuticals. Due to simple operation and lower cost of membrane (or filters), they can be used with 
a large variety of applications including initial clarification of cell culture fluid by both depth filtration and 
tangential flow filtration, biomolecule purification by membrane adsorbers, sterilizing grade filtration and 
bioburden reduction by sterile filter, virus removal by specially designed virus filters and concentration/ 
formulation by ultrafiltration/diafiltration. Recent developments in biomanufacturing are driving new innovations 
in membrane technology to address the needs associated with continuous bioprocessing, single-use flexible 
manufacturing, and the production of more complex biotherapeutics. This presentation will be provided recent 
developments of membrane bioseparations in biopharmaceutical manufacturing processes. 
 
Keywords : membranes, filters, biopharmaceutical manufacturing, downstream process 
 
 
  

Advanced Biotechnology for Human Society2022 한국생물공학회 춘계학술발표대회 및 국제심포지엄
2022 KSBB Spring Meeting and International Symposium

76



 S5007   Surface Engineering for Efficient Capture of Circulating Tumor Cells: From Nanoscale Analysis 
to Clinical Application 
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1Department of Biological Engineering, Inha University, Incheon, Korea, 2School of Pharmacy, University of 
Wisconsin-Madison, Wisconsin, USA, 3Department of Medicine, Duke University, Durham, NC, USA 
Corresponding Author Email : jbu@inha.ac.kr 
 
The utilization of circulating tumor cell (CTC) as an indicator of tumor malignancy can improve patient care with 
the development of a comprehensive isolation device. However, capture of CTCs has halted progress due to poor 
translational results from media trials to human bloods. This paper details the efficacious development of a system 
that achieves highly sensitive CTC capture through a combination of dendrimer-mediated multivalent binding, 
biomimetic cell rolling, and use of antibody cocktails.1 Nano-engineered dendrimers with densely functionalized 
antibodies lowers the kinetic off-rate towards the target molecules, increasing the cell capture sensitivity. 
Moreover, use of an antibody cocktail outperforms the conventional EpCAM-based approach through active 
targeting of CA9, EGFR, and c-MET. The exploitation of selectin-induced cell rolling further improves cancer 
cell detection by reducing the cell velocity in fluidic channels. As a result, the combination of these strategies 
enables to detect CTCs from patients’ samples with higher sensitivity than conventional EpCAM-based approach. 
The results demonstrate potential to ultimately enable personalized medicine using CTCs. 
  
Keywords : liquid biopsy, circulating tumor cells, nanopolymers, dendrimers, multivalent binding effect, 
biomimetics, cancer diagnosis, nanotechnology 
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 S5008   Nanoplasmonic Biosensor for Clinical Application of Liquid Biopsy 
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Due to the desire to achieve ameliorated quality of life and the phenomenon of an ageing population, the healthcare 
paradigm has been shifting from diagnosis and treatment of a disease to prevention of a disease through the 
awareness of ailment. This has implemented a new lifestyle where individuals can better care for themselves. 
Within these social contexts, there has been an increase in demand for an innovative healthcare system that 
involves biosensors. The biosensor is a crucial factor that holds the key to dramatically improving our healthcare 
system. The importance of biosensors is supported by the recent increase in the investment and research 
development of biosensors with the technology from nanotechnology. In order to successfully implant this novel 
technology, we need to develop a cost-effective biosensor with the ability of expeditious real-time diagnosis and 
monitoring of disease. In the case of a plasmonic biosensor that uses metal nanomaterials like gold meets these 
standards mentioned above. Furthermore, hypersensitive Nanoplasmonic biosensor technology makes it possible 
to measure a low concentration of biomolecule known as a biomarker, which enables an early diagnosis to prevent 
aggravation of diseases. In this research, a new type of Nanoplasmonic biosensor platform for clinical diagnosis 
at the molecular levels is suggested that is label-free, highly sensitive, quantitative detection possible. The 
suggested Nanoplasmonic biosensor platform can be used for clinical diagnosis and further biomedical 
applications by quantitatively determining biomarkers in body fluids. 
  
Keywords : nanoplasmonic biosensor, liquid biopsy, clinical application, biomarker 
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 S5009   Antibacterial Therapeutics: Targeting Bacterial Iron Transport Systems 
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Iron is an essential element for survival and metabolism for almost all living organisms. Bacteria have evolved 
specialized iron uptake systems to efficiently acquire iron within their host, competing each other for the vital 
nutrient. Pathogens have developed a number of ways to acquire, transport, and store iron for survival and 
virulence expression. Feo, the ferrous iron transporter, is a major iron transporter in prokaryotes and a potential 
target for anti-microbial and anti-virulence therapeutics. Based on high-throughput screening methodology, we 
discovered two candidate molecules, GW3965∙HCl and PHT-427, which effectively inhibited the in vitro Feo 
enzyme activity, bacterial growth of Staphylococcus aureus, and its virulence expression. Considering the high 
frequency of antibiotic-resistant S. aureus, the inhibitors synergistically enhanced bacterial antibiotic suscep-
tibility. In addition, unlike their effects on bacteria, the inhibitors did not show any toxicity on animal model 
systems. These results indicate that the bacterial Feo system represents a good target for anti-microbial strategies 
and will provide new insight for developing a next-generation antibacterial therapy. 
  
Keywords : antibiotics, ferrous iron transport, Staphylococcus aureus 
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 S5010   Designing High-aspect-ratio Nanostructure Array for Influencing Stem Cell Phenotype 
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Materials with micro-and nanoscale topographies are known to be regulators of cell proliferation and differen-
tiation. Of these topographies, high-aspect-ratio nanostructures have emerged as versatile platforms for facilitating 
drug/biomolecule delivery, and intracellular sensing. 
Here, we present a new approach for the microfabrication of high-aspect-ratio, nondegradable silicon nanoneedle 
arrays that can support the long-term culture of human mesenchymal stem cells (hMSCs). Through a combination 
of different etching processes, we were able to finely control the sharpness of the nanoneedles from 20 to 700 nm. 
This enabled us to investigate the influence of the nanoneedle tip diameter upon the phenotype of interfaced 
hMSCs. High-content, image-based profiling of 100,000 individual cells cultured on different nanoneedle arrays 
revealed that the nanoneedle tip diameter could be used to influence cell shape, nuclear size, and actin alignment 
in a controllable manner. Mechanoresponsive cell behavior, including altered expression of lamins, Yes-
Associated Protein (YAP) target genes and focal adhesion genes, could also be tuned by altering the tip diameter. 
These results were correlated to increased nuclear membrane impingement by the sharp nanoneedles, as shown 
by volumetric imaging using focused-ion beam scanning electron microscopy (FIB-SEM). Our method of 
fabricating high-aspect-ratio nanostructures will be broadly applicable to the design of nanotopographical 
interfaces for biomedical devices, such as bioelectrodes and diagnostic platforms. 
  
Keywords : nanostructure fabrication, stem cell, mechanotransduction 
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 S5011   Engineered-Tissue Microenvironment for Successful Tissue Regeneration 
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Tissue microenvironment plays crucial roles in functional homeostasis and remodeling of damaged tissues. 
Therefore, efficient regeneration largely depends on providing proper mechanical and biochemical 
microenvironment of native tissues. Despite various synthetic and natural polymers have been exploited to 
fabricate tissue-specific or disease-specific microenvironment, there still are tremendous limitations in ultimately 
recapitulating structural and biochemical specificity of native tissues due to complexity. Tissue-mimicking bio-
scaffolds have been highlighted as key mediators to improve regeneration efficacy by providing favorable 
microenvironment to cells participating directly or indirectly in the regeneration. We report tissue-derived 
biomaterial platforms and their engineering techniques for versatile regenerative therapeutics. Not only 
modulating stem cell differentiation, but the engineered tissue extracellular matrix can trigger regenerative 
immune modulation for successful tissue regeneration. Overall, our tissue-microenvironment engineering 
strategies enable development of effective and practical treatment of damaged tissues. 
 
Keywords : decellularized matrix, tissue engineering, hydrogel, stem cell 
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 S5012   Tyrosinase-mediated Extracellular Matrix Crosslinking System for Tissue Engineering 
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Hydrogel system based on enzyme-mediated mild crosslinking reaction has been a promising approach in tissue 
engineering. Inspired by skin melanin synthesis and marine mussel adhesion, tyrosinase-mediated hydrogel 
crosslinking has been exploited as cell-friendly reactions and explicit reaction mechanisms. Hydrogel prepared 
by tyrosinase exhibits appealing properties as a dynamic scaffold for cell delivery and as a bioink for 3D 
bioprinting. Recapitulating the structure of the native extracellular matrix (ECM), innovative tyrosinase-mediated 
hydrogel crosslinking has now shifted to the field of translational medicine. Biomimetic hydrogel with in situ 
tyrosinase crosslinking can be efficiently and easily applicable to the disease model for therapeutic purposes. We 
demonstrate that the novel enzyme-based crosslinking hydrogel has a robust potential in tissue engineering 
and regenerative medicine. 
 
Keywords : tyrosinase, biomaterials, tissue Engineering 
  

Advanced Biotechnology for Human Society2022 한국생물공학회 춘계학술발표대회 및 국제심포지엄
2022 KSBB Spring Meeting and International Symposium

82



 
 
 
 
 
 
 
 

 
 
 
 
  

[S5-2] 

Accomplishment presentation of 

Bioindustry Alliance and  

Cooperation Council for Materials, 

Components and Equipments 

Advanced Biotechnology for Human Society2022 한국생물공학회 춘계학술발표대회 및 국제심포지엄
2022 KSBB Spring Meeting and International Symposium

83



 S5201   Accomplishment Presentation of Bioindustry Alliance and Cooperation Council for Materials, 
Components and Equipments I 
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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 
  
 
 
  

Advanced Biotechnology for Human Society2022 한국생물공학회 춘계학술발표대회 및 국제심포지엄
2022 KSBB Spring Meeting and International Symposium

84



 S5208   Accomplishment Presentation of Bioindustry Alliance and Cooperation Council for Materials, 
Components and Equipments II 
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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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 S571   Computational Approach to Discover Potent Neutralizing Antibody against All SARS-CoV-2 
Variants 
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Computational protein design has become a powerful approach for creating valuable proteins. We have developed 
a computational pipeline to discover antibodies that bind to a pre-defined surface of target proteins. Our approach 
is showcased by the discovery and development of a human neutralizing antibody that binds to the receptor-
binding domain (RBD) of the SARS-CoV-2 spike glycoprotein of all currently circulating variants of the virus, 
including Omicron, with potent affinity (pico- to femto-molar dissociation constants, KDs). Initially, a lead 
antibody was computationally discovered using sequence design protocols in the Rosetta software suite, and 
crystallographically validated to bind, albeit weakly, to a highly conserved surface of the RBD of wild-type SARS-
CoV-2 (Wuhan strain). Subsequently, a tightly binding Ab (KD = 7.2 nM) was developed through experimental 
affinity enhancement. This then served as a template for the quick computational discovery of an antibody that 
binds the RBD of the Alpha variant (with the N501Y mutation) with extremely high affinity (KD < 1 pM). 
Consistent with its measured affinity, D27LEY exhibited a strong in vitro neutralization activity against the wild-
type virus and the Alpha, Delta and Omicron variants. 
  
Keywords : computational antibody design 
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Although, protein engineering techniques such as rational design and directed evolution have found widespread 
applications in improving or altering the intrinsic activities of numerous enzymes. These strategies are primarily 
based on nature's alphabet of twenty canonical amino acids (cAAs). Because of the limited chemical and physical 
repertoire of cAAs, not surprisingly, enzymes recruit reactive cofactors and post-transnationally modify existing 
amino acids in the active site. The advancements in the genetic code expansion allow enhanced protein properties 
by introducing unique functional groups beyond nature’s limited building blocks. To this end, a series of 
orthogonal amino-acyl transfer RNA (tRNA) synthetase (aaRS)/tRNA pairs have been developed to encode 
distinct non-canonical amino acids (ncAAs) in vivo. Over the last two decades, more than 200 ncAAs have been 
genetically encoded in prokaryotes and eukaryotes. Apart from peptide modification and antibody development 
for pharmaceutical use, ncAAs have been widely applied in enzyme engineering research to illustrate the enzyme 
mechanisms, enhance enzyme activity, and even generate new catalytic mechanisms into protein scaffolds. 
Although progress in this field is fast, only a handful of examples have been reported for remodeling enzyme 
active sites by introducing single ncAA resulting in improved activity and substrate scope compared to cAAs. 
This work reports ncAA-based engineering of transaminase. The incorporation of ncAA has significantly 
improved enzyme functionality. These results uncover the great potential of engineering enzymes with ncAAs for 
the efficient synthesis of chiral amines. 
 
Keywords : transaminase, genetic code expansion, enzyme engineering, non-canonical amino acid 
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 S573   When Bio-bigdata Meet Machine Learning (A Machine Learning Model for Classifying G-
protein-coupled Receptors as Agonists or Antagonists) 
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Background: G-protein coupled receptors (GPCRs) sense and transmit extracellular signals into the intracellular 
machinery by regulating G proteins. GPCR malfunctions are associated with a variety of signaling-related 
diseases, including cancer and diabetes; at least a third of the marketed drugs target GPCRs. Thus, characterization 
of their signaling and regulatory mechanisms is crucial for the development of effective drugs. 
Results: In this study, we developed a machine learning model to identify GPCR agonists and antagonists. We 
designed two-step prediction models: the first model identified the ligands binding to GPCRs and the second 
model classified the ligands as agonists or antagonists. Using 4,590 human ligands collected from two well-
curated pharmacological databases, our model classified non-ligands, agonists, and antagonists of GPCRs, and 
achieved an area under the ROC curve (AUC) of 0.795, sensitivity of 0.716, specificity of 0.744, and accuracy of 
0.733. In addition, we verified that 70% (44 out of 63) of FDA-approved GPCR-targeting drugs were correctly 
classified into their respective groups. 
Conclusions: Studies of ligand–GPCR interaction recognition are important for the characterization of drug 
action mechanisms. Our GPCR–ligand interaction prediction model can be employed in the pharmaceutical 
sciences for the efficient virtual screening of putative GPCR-binding agonists and antagonists. 
 
Keywords : GPCR, agonist, antagonist, GPCR-ligand interaction, random forest 
 
 
  

Advanced Biotechnology for Human Society2022 한국생물공학회 춘계학술발표대회 및 국제심포지엄
2022 KSBB Spring Meeting and International Symposium

89



 S574   Single-cell-based Enzyme Screening and Engineering Using Genetically Encoded Biosensors 

 
Kil Koang KWON, Seung-Goo LEE 
Synthetic Biology and Bioengineering Research Center, Korea Research Institute of Bioscience and 
Biotechnology (KRIBB), Daejeon, Korea 
Corresponding Author Email : kkkwon@kribb.re.kr 
 
Novel enzymes are essential to establish green and sustainable catalysis for environment-friendly, safe, and cost-
effective bioprocesses. Function-based enzyme screening, one of the powerful screening method for mining 
industrially useful enzymes, requires the selection of the desired activity from a massive library. In this regard, 
we challenged the screening of desired enzymes from large libraries by developing a single-cell assay system that 
consists of genetically-encoded enzyme sensors and fluorescence-activated cell sorting(FACS). Herein, a phenol-
detecting Tx(DmpR) was employed as a critical tool for enzyme engineering, specifically for the rapid analysis 
of numerous mutants with multiple mutations. Efficacy of the developed technology was probed by two cases: i) 
Engineering of new phenol-lyase from similar protein scaffold; ii) Screening and engineering of D-stereospecific 
amino acid amidase via enzyme-specific amidophenol substrate. Overall, these results showed that the genetically-
encoded biosensors using transcriptional regulators can be powerful toolkits for enzyme engineering and 
metagenome mining. 
 
Keywords : biosensor, genetic circuit, transcriptional regulator, tyrosine phenol lyase, D-amino acid amidase 
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 S581   Development of the Simulated-moving-bed Processes for Large-scale and High-purity Recoveries 
of Medically Utilizable Ingredients from Neoagarooligosacchrides 
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Neoagarohexaose (NA6), which is contained in neoagarooligosaccharides (NAO) coming from the beta-agarase 
hydrolysis of agarose in red algae, is known to have various medical effects. This research thus aimed to develop 
an efficient simulated-moving-bed (SMB) process for continuous-mode separation of NA6 from NAO with high 
purity and high yield, which was named “NA6-SMB” in this presentation. It was found first that the most suitable 
adsorbent for the targeted separation was the ion-exclusion resin of sodium form with 4% crosslinkage. Based on 
such absorbent, the intrinsic parameters of all NAO components were determined, and then utilized in designing 
the NA6-SMB such that the high-purity separation of NA6 could be realized and kept stable throughout a long 
period of SMB operation while maximizing throughput. It was confirmed from simulations and experiments that 
the designed NA6-SMB could produce NA6 at 98.7% purity continuously throughout the long-term NA6-SMB 
processing while keeping its loss below 1%. 
 
Keywords : neoagarooligosaccharides, medical product, simulated moving bed, high-purity separation, 
continuous-mode separation 
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 S582   MARK-BTM, a Fully Automated Portable Immunoassay System for the Quantitative Detection of 
Biomarkers 
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Immunoassay has been one of key technologies for determination of biomarkers in complex biological fluids such 
as blood, urine, and saliva. Rapid diagnostic test (RDT), which is based on lateral flow immunoassay (LFIA), 
allows rapid screening in a low-cost manner, but is neither accurate nor reproducible. Recently, bench-top 
immunoassay systems based on microfluidics and fluorescence have been introduced to the market. However, 
they require expensive optical components intolerant to vibration, as well as additional steps with external 
instruments for sample preparation, thus are not appropriate for the point-of-care testing and self-monitoring of 
disease markers. 
 
We introduce a novel immunoassay system, MARK-BTM, which is based on a magnetic force-assisted 
electrochemical sandwich immunoassay (MESIA). MARK-BTM provides both high accuracy and usability, 
enabling self-tests at the point of care with a drop of blood. When a blood sample is loaded into a tiny cartridge, 
pure plasma is spontaneously separated and flows into the microchannel which contains gold-coated magnetic 
nanoparticles and an electrochemical sensor. Target analytes are actively mixed with the magnetic nanoparticles 
via external magnetic fields, then they form sandwich immuno-complexes on the electrochemical sensor by 
antibody-antigen interactions. Finally, the target analytes are quantified by measuring the electrochemical redox 
signal from the gold-coated magnetic nanoparticles bound onto the sensor electrode. All the processes from 
sample preparation to analysis are automatically conducted in a hand-held reader system. The performances of 
MARK-BTM for quantification of blood biomarkers are validated through clinical studies to compare them with 
those of huge hospital immunoassay systems. We also introduce MARK-BTM COVID-19 Ag, which detects 
SARS-CoV-2 antigens in nasopharyngeal, nasal, and saliva swabs within 15 min with high sensitivity. Here we 
discuss how the MARK-BTM system could be successfully applied for early detection and monitoring of COVID-
19 infections. 
 
Keywords : immunoassay, point-of-care, SARS-CoV-2, electrochemistry, magnetic force, nanoparticles 
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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. Nanocom-
plexes 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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 S584   Investigating the Performance of Machine Learning Methods in Predicting Functional Properties 
of the Hydrogenase Variants 
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Improving a functional property of an enzyme via mutagenesis is still a challenging problem due to vast search s
pace and difficulty of predicting the effects of mutation(s). Machine learning has proven to be proficient in solvi
ng similar problems with unprecedented speed owing to the latest advances in computing power and analytical a
lgorithms. In this study, we investigate the performance of machine learning methods in predicting the H2 produ
ction activity and O2 tolerance of the hydrogenase variants. Experimentally measured activities and tolerance of 
377 variants having single or double amino acid replacements are used to train and test seven types of machine l
earning models. Binary representation of amino acid sequence as well as the series of vectors quantifying physic
ochemical properties of amino acids are employed as features representing each variant. The results show that th
e latter enables higher performance, especially with respect to correlation coefficient and coefficient of determin
ation in addition to the root mean square error. Next, the analysis of model performance with respect to changes 
in the data size and heterogeneity is conducted to provide insights on designing effective mutagenesis library for
 applying machine learning. In this manner, our study reveals the factors affecting the performance of machine l
earning in identifying the enzyme variants with enhanced function.  
 
Keywords : hydrogenase, metalloprotein, protein engineering, O2 sensitivity, machine learning 
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 S585   Microdroplet-based Screening of Highly Productive Microalgal Strains Under Fluctuating Light 
Boosts Outdoor Mass Production of Microalgae 

 
Young Joon SUNG, Sang Jun SIM 
Department of Chemical and Biological Engineering, Korea University, Seoul, Korea 
Corresponding Author Email : simsj@korea.ac.kr 
 
Microalgae are fascinating bio-platforms capable of mitigating CO2 emissions and producing high-value products 
[1]. Nevertheless, their productivity remains insufficient for commercialization and industrialization due to the 
irregularity of sunlight in field culture conditions [2]. To overcome these obstacles, we rapidly selected fast-
growing mutant strains under fluctuating light conditions from a mutant library. We cultivated mutant cells in 
microdroplet photobioreactors allowing various light stimuli to be fully transmitted to individual cells [3] and 
achieved high-throughput sorting of high-density microdroplets via density gradient centrifugation. The mutant 
was applied to 1.6 ton-scale field culture utilizing sunlight and industrial CO2. Consequently, without the 
supplementation of additional growth factors and further cell-culture optimization, the mutant strain exhibited a 
34.38% increase in biomass productivity and a 33.69% increase in lipid content relative to the wild-type strain 
under field conditions. Our proposed microdroplet approach can achieve maximum productivity in outdoor 
culture, which has been a challenging obstacle to microalgae-based CO2 bioconversion. 
 
Keywords : biological conversion of CO2, microalgae, fluctuating light, microfluidic high-throughput screening, 
industrial CO2 
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 S586   Xylitol Production in Escherichia coli from D-xylose through Expression of its Endogenous Gene 
Presumably Encoding for D-Xylose Reductase 
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Currently, industrial xylitol production is via chemical synthesis involving catalytic hydrogenation of xylose. This 
process is expensive requiring high energy expenditure and a series of purification steps thus affecting the market 
value of xylitol. Hence, biotechnological xylitol production emerges as a promising alternative to chemical 
synthesis. Biotechnological production of xylitol is predominantly via xylose reductase (XR) enzymes derived 
from yeasts and only a few originated from bacteria. So far, there is no known native XR in Escherichia coli that 
catalyzes D-xylose to xylitol. Interestingly, we observed plasmid-based expression of a native gene termed yahk in 
the E. coli W3110 strain devoid of D-xylose isomerase pathway produced xylitol from D-xylose as confirmed by 
GC-MSD and HPLC analysis. Using the mentioned strain, high xylitol titer of 20.77 g/L (83% of theoretical yield) 
was produced via lab-scale fermentation from D-xylose with glycerol as a co-substrate. Thereafter, an even higher 
yield of 30 g/L xylitol (100% of theoretical yield) was attained via whole-cell biocatalysis. So far, this study is 
the first to produce xylitol in E. coli using its native YahK suggesting a promising novel XR.  
** This work was supported by NRF funded by The Ministry of Science and ICT (2021R1F1A1045612), Basic 
Science Research Program through the Ministry of Education (2020R1A6A1A03038817). 
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 S591   Deep Learning Assisted Antibody Discovery 
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For antibody engineering based on directed evolution, astronomical sequence diversity is a key limitation as a 
library size is increasing. Although next generation sequencing produces hundreds of millions of sequence data, 
current technologies cannot cover whole diversity of library that exponentially grows by the number of target 
bases. For example, saturation mutagenesis even for 5 amino acid yields 415 = 1.1 X 109 base combinations. Thus, 
computational prediction model such as deep learning (DL) model is indispensable to discovery effective 
antibodies in tremendous sequence space. 
 
In this project, we constructed Fc variant libraries by mutating 4 loops (Lower hinge, B/C loop, C’/E loop and 
F/G loop) of CH2 domain and screened by their affinity to FcγRIIIa and/or FcγRIIb using FACS. Then, we 
performed next generation sequencing for the selected clones as well as the initial library before screening. The 
high-throughput sequencing (HTS) data allowed us to quantitatively measure the enrichment of 123,126 clones 
and 293,894 clones in the selected and initial library, respectively, on average. To minimize the bias from 
difference in intrinsic growth rate of clones, we computed relative clonal enrichment based on percentile 
difference. As a result, we were able to identify strongly binding clones, not quickly growing clones. 
 
Despite the comprehensive coverage of HTS, a vast majority of Fc variants in the library were still missing. To 
explore and predict enrichment of unseen clones in HTS, we utilized a convolutional neural network (CNN) model 
to learn the observed sequences and the enrichment of clones for predicting unseen clonal enrichment. We 
revealed that learning data from multiple sources generated a better model for a library rather than training with a 
single source information such as DNA or AA sequence. By doing so, we constructed separate DL models per 
library. Interestingly, cross-prediction for the enrichment among the libraries failed although a paired DL model 
and library performed well, meaning that DL model for antibody discovery is not universal but library-specific. 
Our study will provide insights into antibody engineering assisted by a combination of HTS and DL. 
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Recently methane conversion has garnered considerable attention. In the natural environment, methanotrophs play 
major roles in biological methane sink since they metabolize methane as their source of carbon and energy; further 
they are able to interact other microbial communities by supporting methane-derived carbons. In this study, we 
demonstrated a highly flexible and efficient modular approach based on a synthetic consortium of methanotrophs 
and heterotrophs mimicking the natural methane ecosystem to produce mevalonate (MVA) from methane. In the 
methane-conversion module, we optimized the culture conditions of Methylococcus capsulatus Bath for the 
production of high amounts of organic acids. In the MVA-synthesis module, we used Escherichia coli SBA01, a 
strain we previously developed using adaptive laboratory evolution with high organic acid tolerance and 
utilization ability. Using recombinant E. coli SBA01 harboring genes of the MVA pathway, we successfully 
produced significant levels of MVA using methane as a sole carbon source. We envision that this versatile system 
can be easily extended to many other value-added processes and has a variety of potential applications. 
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The global pandemic and increased information about the role of food and nutrient in the human body have 
induced consumption of functional foods and nutraceuticals that may prevent diseases and extend a life span. As 
the human population is growing from 7.5 billion to 10 billion continuously, sustainable and large-scale food 
production that can replace traditional agriculture is also required. Fermentation process by microorganisms as a 
microbial cell factory can produce various food ingredients such as enzymes, amino acids, vitamins, terpenes, and 
bioactive nutraceuticals that improve human health. Synthetic biology and metabolic engineering could help to 
increase the titer, yield and productivity of target food compounds produced by microorganisms through 
systematic optimization and strain engineering. In this presentation, the potential of synthetic biology and 
metabolic engineering to improve human health and wellness by generating engineered microorganisms that 
produce food ingredients and nutraceuticals will be introduced. 
 
Keywords : synthetic biology, metabolic engineering, food and nutrition, human health, wellness 
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As global concerns about plastic pollution increase, the bacterial polymers called polyhydroxyalkanoates (PHAs) 
have been attracting much attention as promising bioplastics. PHAs are biodegradable polyesters and naturally 
synthesized in the form of insoluble granules within numerous microorganisms. Despite great advances in PHA 
research, the mechanism of PHA granule formation in vivo is not well understood due to technical limitations. 
Here we report the results of 3D analysis of PHA granules in a living bacterial cell using 3D holographic 
microscopy that show how PHA granule accumulates in cells. Based on the observations for several 
microorganisms, 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. 2021M3A 9I4022740) from the Ministry of Science and 
ICT through the National Research Foundation of Korea. 
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Forests represent highly productive ecosystems that act as carbon sinks where soil organic matter is formed from 
biomass decomposition residues as well as from rhizodeposited carbon. Several microorganism networks function 
among wild plants in forests, allowing these plants to share resources and buffer each other during stressful 
environments. These microorganisms comprise the forest microbiome. These microbiomes are key to maintaining 
the healthy function of diverse ecosystems. The forest microbiome plays an important role not only in the 
ecosystem but also in the greenbio industry. Despite the perceived progress in microbiome study, the compositions 
of wild plant microbiota (viruses, archaea, bacteria, and fungi) communities are still not fully uncovered. 
Understanding the interrelationship between wild plants and microorganisms is necessary through various studies, 
including forest microbiome community analysis. The Korea Arboreta and Gardens Institute (KoAGI) is a public 
institution in South Korea that manages the National Arboretum created according to climate zones and promotes 
the garden industry. In addition to forest biological resource conservation research, we conduct various research 
projects in areas such as ecology, seed physiology, genetics, discovery, and utilization of forest biological 
resources. We aim to establish a foundation for the industrialization of forest biological resources, create new 
value for forest biological resources, enhance industrial utilization, and support the industrialization of technology 
and regional coexistence-based research. For systematic forest microbiome research, KoAGI intends to establish 
and promote forest microbiome research strategies. Through forest microbiome research, we aim to understand 
the interrelationship between wild plants and microorganisms and to utilize these resources in the fields of wild 
plant species conservation, ecological restoration, and greenbio industry.  
 
Keywords : forest microbiome, greenbio, Korea Arboreta and Gardens Institute 
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 S5102   Deciphering of The Molecular Mechanisms in Plant-Microbe Interactions 
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It is well known that a microbiome is the community of microorganisms that can usually be found living together 
in any given habitat. Recently, the microbiome-related researches have been dramatically highlighted in a variety 
of fields, among which plant association with microorganisms elicits dramatic effects on the local phytobiome 
and often causes systemic and transgenerational modulation on plant immunity against insect pests and microbial 
pathogens. In this talk, I will introduce the concept of the plant social networking system (pSNS) to highlight the 
active involvement of plants in the recruitment of potentially beneficial microbiota upon exposure to insects and 
pathogens. Microbial association stimulates the physiological responses of plants and induces the development of 
their immune mechanisms while interacting with multiple enemies. Thus, beneficial microbes serve as important 
mediators of interactions among multiple members of the multitrophic, microscopic and macroscopic 
communities. In addition, I classify the steps of pSNS such as elicitation, signaling, secreting root exudates, and 
plant protection; summarize, with evidence, how plants and beneficial microbes communicate with each other; 
and also discuss how the molecular mechanisms underlying this communication are induced in plants exposed to 
natural enemies. Collectively, the pSNS modulates robustness of plant physiology and immunity and promotes 
survival potential by helping plants to overcome the environmental and biological challenges. 
  
Keywords : beneficial microbiota, communication, multitrophic interaction, plant growth-promoting rhizobacteria, 
plant social networking system 
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 S5103   Plant Disease Management Using Beneficial Microbes and Fungicides 
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Devastating fungal pathogens cause serious diseases in plant and continue to threaten global food security. To 
manage plant diseases, fungicides have been used for plant protection but fungicide resistance of fungal pathogens 
has been increasingly reported. In this presentation, the fungicide resistance of plant pathogenic fungi on crops 
and turfgrasses will be reported and molecular mechanisms of fungicide resistance will be presented. In order to 
combat fungicide-resistant fungal pathogens and efficiently manage plant diseases, we mined beneficial microbes 
showing antifungal activities by microbiome analysis and screening of bacterial isolates against fungal pathogens. 
The bacterial strains showing the best antifungal activities were characterized using phenotypic and genotypic 
analysis. Also, pan-genome analysis of bacterial strains revealed unique genes of the bacterial strain and a strain-
specific detection method was developed. In planta assays, the bacterial strain only or in combination with a 
fungicide successfully manage fungal diseases. Our studies suggest that the application of beneficial microbes 
offers an environmentally friendly approach and the management strategies can reduce fungicide application rates. 
  
Keywords : biocontrol, beneficial microbes, fungicides, antifungal drug resistance 
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 S5104   Bioconversion of Saponins and Rare-Sugars Using Microbial Enzymes for the Utilization of 
Forest Resources 
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To utilize forest resources, diverse researches on value-adding resources using biotechnological techniques have 
been conducted. Among them, saponins, which are contained in large amounts in medicinal plants, have been 
studied steadily due to their beneficial biological properties such as anti-cancer, anti-inflammation, anti-oxidant, 
anti-allergic, anti-fatigue, and neuroprotective activities. Saponins, comprising of sugars linked to the dammarane 
(tetracyclic triterpene) skeleton, exist in various types depending on the number and type of sugar. Deglycosylated 
saponins are relatively more readily absorbed into the intestine and exhibit higher bioavailability than glycosylated 
saponins. In addition, they exhibit different kinds of physiological activity depending on the type of sugar attached. 
Therefore, we discovered various enzymes to construct the hydrolytic pathway of saponins and applied them to 
the production of specific saponins. Another forest resource, biomass, can be used as a good material for biosugar 
production because it is composed of polysaccharides. Therefore, we conducted studies on the production of rare 
sugars such as allulose, allose, and tagatose using sugar isomerases. Among them, tagatose generally has been 
converted from galactose as a substrate using l-arabinose isomerase. However, fructose from the starch industry 
can be suggested as an ideal substrate for tagatose production due to a more stable supply and cheaper cost than 
those of galactose. Thus, the identification of an enzyme with 4-epimerization activity toward fructose has been 
a major goal in the sugar industry. We discovered a latent 4-epimerization activity of the putative tagaturonate-
fructuronate epimerase and engineered the enzyme into tagatose 4-epimerase by increasing the 4-epimerization 
activity toward fructose through rational design and directed evolution. The developed tagatose 4-epimerase was 
applied for high-level production of tagatose from fructose. 
 
Keywords : saponin, rare sugar, bioconversion, microbial enzyme 
 
References 
1. K. C. Shin and D. K. Oh, Crit. Rev. Biotechnol. 36(6), 1036-1049 (2016).  
2. K. C. Shin, H. Y. Choi, M. J. Seo, and D. K. Oh, AMB Express. 7, 186 (2017).  
3. K. C. Shin, T. G. Kil, T. E. Lee, and D. K. Oh, J. Agric. Food Chem. 69, 4766-4777 (2021).  
4. K. C. Shin, D. W. Kim, H. S. Woo, D. K. Oh, and Y. S. Kim, Int. J. Mol. Sci. 21, 1207 (2020).  
5. K. C. Shin, T. E. Lee, M. J. Seo, D. W. Kim, L. W. Kang, and D. K. Oh, ACS Catal. 10, 12212-12222 (2020).  
6. K. C. Shin, D. H. Sim, M. J. Seo, and D. K. Oh, J. Agric. Food Chem. 64, 8146-8153 (2016).  
7. M. N. Choi, K. C. Shin, D. W. Kim, B. J. Kim, C. S. Park, S. J. Yeom, and Y. S. Kim, Front. Bioeng. 

Biotechnol. 9, 681253 (2021).  
  

Advanced Biotechnology for Human Society2022 한국생물공학회 춘계학술발표대회 및 국제심포지엄
2022 KSBB Spring Meeting and International Symposium

107



 
 
 
 
 
 
 
 

 
 

 
 
 
 
 
  

[S5-11] 

Food Biotechnology  

for Microbiome 

Advanced Biotechnology for Human Society2022 한국생물공학회 춘계학술발표대회 및 국제심포지엄
2022 KSBB Spring Meeting and International Symposium

108



 S5111   Biotechnological Innovation in Baking Science for Human Health 
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With the increasing consumers' interest in delicious and healthy food these days, human health has been a core 
research area in baking industry to provide healthier bread products. In order to satisfy these consumer’s needs, 
SPC has been increasingly investing in innovation on health functional products that can meet the needs of this 
market. First, in the field of healthy functional ingredients, the core technology is the screening and strain 
development of fermentation microorganisms, fermentation and bioprocessing, manufacturing technology. In 
addition, verification of the health benefits of healthy bread is being investigated through internal and external 
research. From the perspective of ESG which is one of factors for company's value evaluation, research on 
innovative way of upcycling to transform low value byproducts such as grain by-products to high value health 
ingredients is underway by using SPC's strong bio-platform. Through this, we intend to contribute to human health 
through healthy and sustainable food products and expand the globalization of unique K-bread based on our 
technology. 
 
Keywords : SPC, bread, bioprocessing, human health, upcycling 
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 S5112   Mouse Feeding Study of Sourdough Bread and Its Microbiome Analysis for Evaluation of 
Human Health Promotion Effects 

 
Ju-Hoon LEE 
Department of Food and Animal Biotechnology, Department of Agricultural Biotechnology, Center for 
Bioconvergence, Seoul National University, Seoul, Korea 
Corresponding Author Email : juhlee@snu.ac.kr 
 
Sourdough bread is a fermented bread with rich flavor and delicious taste in Western diet, and it is getting more 
popular recently in South Korea. To evaluate its health promotional effects, general white bread (WB group), 40% 
sourdough bread (WB+40% sourdough group), and 100% sourdough (sourdough group) were prepared, and they 
were fed for ten weeks to five C57BL/6N mice in each group, respectively. During feeding study, feeding amount, 
water supply amount, and body weight were measured. In addition, fecal samples were collected in the first week 
(1st week) as well as the last week (11th week) in each group. In the last week, glycemic index (GI) was determined. 
Interestingly, even though feed and water consumptions and body weight change ratio were the highest in 
WB+40% sourdough group, the GI variation was the lowest in the group, suggesting that this feeding group 
suppressed the glucose concentration in blood. In addition, the metal absorption and utilization in blood increased 
in WB+40% sourdough group, probably due to pH lowering by bread fermentation. The blood cholesterol 
concentration assay showed that only WB+40% sourdough group lowered low-density lipoprotein (LDL) and its 
ratio of LDL/HDL was the lowest, suggesting that WB+40% sourdough may have health-beneficial function to 
cardiovascular diseases. The immunoassay of all samples revealed that WB+40% sourdough group decreased pro-
inflammatory cytokines (TNF-α and IL-6) and increased anti-inflammatory cytokine (IL-10), suggesting possible 
ani-inflammation function. The microbiome analysis of collected fecal samples from all groups showed that 
WB+40% sourdough feeding changed the composition of mouse gut microbiota and especially increased 
Akkermansia, Bifidobacterium, Lactobacillus, associated with gut health promotion and suppression of possible 
pathogens. Subsequent metabolic pathway analysis using PICRUSt2 program revealed that WB+40% sourdough 
group activated “iron complex transport system” and “pentose phosphate pathway”, suggesting the lowering iron 
concentration in blood by increasing of iron-utilizing microbiota, and the increasing of pentose-utilizing 
microbiota by pentose production via sourdough fermentation, respectively. Consequently, feeding of WB+40% 
sourdough may be associated with increasing of bread consumption and body weight, lowering of GI and blood 
cholesterol, increasing of metal utilization, regulation of cytokines, increasing of beneficial gut bacteria, 
substantiating that addition of 40% sourdough is useful for increasing bread preference, lowering blood sugar, 
anti-cardiovascular disease, anti-inflammation, gut health promotion by but microbiota modulation. Therefore, in 
addition to good and rich flavor as well as delicious taste, the sourdough may be a promising functional bread 
resource for promotion of human health. 
 
Keywords : Sourdough, Bread fermentation, Microbiome, Bioinformatics, Mouse feeding study, Heath 
promotion 
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 S5113   Commercial Application of Probiotics Isolated in Korea 
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Probiotics are “live microorganisms that, when administered in adequate amounts, confer a health benefit on the 
host”. Bifidobacterium (adolescentis, animalis, bifidum, breve and longum) and Lactobacillus (acidophilus, 
casei, fermentum, gasseri, johnsonii, paracasei, plantarum, rhamnosus and salivarius) compose a core group of 
well-studied probiotic species. On the basis of numerous clinical trials, systematic reviews and meta-analyses, it 
is well known that probiotics can be ascribed having certain health outcomes such as in the treatment and 
prevention of gastrointestinal diseases, enhancement of the immune response and reduction of serum cholesterol. 
Sufficient evidence has accumulated to support the concept of health outcomes based on various mechanisms of 
probiotic action including acid/short chain fatty acids production, regulation of intestinal transit, normalization of 
perturbed microbiota, competitive exclusion of pathogens, and in some species, vitamin synthesis and gut barrier 
reinforcement. In this presentation, several important issues for commercial application of probiotics will be 
discussed. 
 
1. To assess safety of probiotics including antimicrobial resistance and cytotoxicity to a murine mouse model. 
2. To exemplify functional studies of probiotics in Ildong Bioscience 
3. To manufacture and enhance stability of probiotics 
 
Keywords : probiotics, safety, skin health, anti-obesity, microencapsulation 
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 S5114   Molecular and Microbiological Characterization of Animal Microbiome Using Metagenomic and 
Culturomic Analysis  
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Microbiome is a totality of ecological community of commensal, symbiotic and pathogenic microorganisms that 
exists in multicellular organisms including human and animal. Recently, it has been established that dynamics of 
microbiome were significantly influenced by various factors such as diets, environments and diseases in animal 
health and also, in contrast, affected on the quality of animal and dairy products. In this study, we described on 
the importance of gut microbiota in animal health as well as on oral and nasal microbiota using metagenomic and 
culturomic analysis. In addition, we indicated longitudinal changes in microbial communities in animal foods 
including dry‐aged beef and ripened cheese using a multi-omics platform. As a result of metagenomic analysis, 
featured alteration of microbiota showed a significant relationship with animal health as well as quality and safety 
of animal products. Collaborating metagenomic approach, various microbial dynamics were matched by identified 
strains in gut microbiome using culturomic analysis. Taken together, our metagenomic and culturomic approaches 
could provide on the new strategy for discovering and applying microbiome in animal-associated industry. 
 
Keywords : animal microbiome, animal foods, metagenomics, culturomics 
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 S610   Development of Antibiotics Nano-lipid Drill Nanoparticles Inducing Membrane Tension 
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Antibiotics are being developed worldwide to treat pathogenic microorganisms, especially resistant bacteria. 
However, bacteria are inherently resistant to certain antibiotics also get resistance to antibiotics. In addition, they 
could not overcome problems such as side effects and drug abuse. To overcome these problems, various 
antibacterial peptides and nanoparticles are being developed. But it is not a fundamental solution. To overcome 
this, we have developed nano-lipid drill nanoparticles (LD-NPs) using biocompatible albumin and lipid. These 
nano-antibiotics are a new concept that effectively induces lysis by breaking the structure by causing changes in 
cell membranes and changes in cell wall tension due to the difference in size between cells and bacteria and 
prevents resistance by not touching the central dogma. We demonstrate that these LD-NPs mechanisms are 
excellent antimicrobial agents that selectively kill a variety of bacteria. 
 
Keywords : bacteria, antibiotics, nanoparticles 
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 S611   Development of Antibody-binding Nanoperforator Disrupting Influenza Viruses in Infected Cells 
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Corresponding Author Email : dhkweon@skku.edu 
 
Neutralizing antibodies (nAbs) suffer from limited antiviral potency agasint influenza viruses (IFVs), and it is 
sometimes because the nAbs destroy the host cell by Fc-mediated functions after being infected.[1] Therefore, 
there is a need for strategy that early elimination of the IFVs to rescue the development of antibody-based antiviral 
therapeutics. Meanwhile, nanodisc-based nanoperforators have been used to virucidal antivirals.[2,3] In this study, 
engineered nanoperforator capable of binding to the nAbs (antibody-binding nanoperforator, ANP) improved 
antiviral activity of the nAbs in vitro and in mouse models. Furthermore, we proved the ANPs dirupt the IFVs in 
the late endosomes while the nAb delayed vial infection. Based on the results, blocking the viral replication with 
a dual mode of action of ANPs-nAbs complex (ANC) in infected cells showed higher antiviral potency compared 
to nAbs alone. In conclusion, the novel suggestion of ANP and ANC provides new dimension for antiviral 
strategy. 
 
Keywords : nanodiscs, neutralizing antibodies, influenza viruses 
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 S612   Dual Synergistic Response for Electrochemical Detection of H1N1 Virus Using High Affinity 
Peptide Receptor Identified by Phage Display 
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The development of peptide sensors which is easy-to-use, fast, sensitive, and selective is important to detect early 
virus pathogens for efficient monitoring and treatment. Here, novel affinity peptides (QMGFMTSPKHSV, 
CGEGEADVC) for detection of H1N1 antigens (haemagglutinin, HA and neuraminidase, NA) and H1N1 virus 
were discovered using screening process of phage display. Their binding affinities for H1N1 HA and NA were 
confirmed by enzyme-linked immunosorbent assay (ELISA). To construct a peptide-decorated electrochemical 
sensor, three synthetic peptides integrated gold binding motif were chemically synthesized and fabricated on gold 
working electrodes. The peptide-immobilized gold surfaces were characterized using X-ray photoelectron 
spectroscopy (XPS) and time of flight secondary ion mass spectroscopy (ToF-SIMS). The detection abilities of 
each peptide used sensor were observed by square wave voltammetry (SWV) and the HA BP2 peptide had a high 
binding affinity to either viral antigen or real H1N1 virus sample. Additionally, the use of both HA BP1 and HA 
BP2 could enhance sensor performance and the strength of the electrochemical signal, demonstrating dual 
synergetic effect for electrochemical detection of H1N1 antigens and virus with improved sensitivity which limit 
of detection (LOD) was 1.52 PFU/mL. The results showed the application of phage-display to develop selective 
and sensitive electrochemical sensor system for detection of any desired virus to protect our health. 
 
Keywords : influenza A virus H1N1, phage display, affinity peptides, electrochemical peptide sensor 
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 S613   Sweet Taste Detection Using Bioelectronic Tongue Based on T1R2 Venus Flytrap of Human 
Sweet Taste Receptor 

 
Yeon Kyung CHA1, Jin-Young JEONG2, Sae Ryun AHN3, Junghyun SHIN2, Yoonji CHOI2, Seunghun HONG2, 
Tai Hyun PARK1,4 
1Interdisciplinary Program in Bioengineering, Seoul National University, Seoul, Korea, 2Department of Physics 
and Astronomy, Seoul National University, Seoul, Korea, 3Industry Collaboration Center, Industry-Academic 
Cooperation Foundation, Sookmyung Women’s University, Seoul, Korea, 4School of Chemical and Biological 
Engineering, Institute of Chemical Processes, Seoul National University, Seoul, Korea 
Corresponding Author Email : thpark@snu.ac.kr 
 
The evaluation of sweet substances is essential for various fields such as healthcare, food, and pharmaceutical 
industries. Sweet tastants are detected by sweet taste receptors which are class C G-protein-coupled receptors 
(GPCRs). T1R2 venus flytrap (VFT) of sweet taste receptor is known as a primary ligand-binding domain for 
sweet tastants. Herein, we developed an ultrasensitive sweet taste bioelectronic tongue based on the T1R2 VFT 
of a human sweet taste receptor. The T1R2 VFT was successfully overexpressed in a bacterial expression system. 
Then, T1R2 VFT was immobilized on carbon nanotube field-effect transistor with floating electrodes. 
Significantly, our T1R2 VFT-based bioelectronic tongue could detect solutions of sweet tastants down to 0.1 fM 
and selectively discriminate sweet substances from other taste substances. Furthermore, our device could monitor 
the response of T1R2 VFT domain of a sweet taste receptor to sweet substances in real food environments such 
as apple juice and chamomile herb tea. Moreover, our device was used to evaluate the inhibition and enhancement 
of sweet taste by zinc ions and chamomile tea, which demonstrating human-like performance. In addition, our 
device demonstrated a long-term storability and reusability. In this respect, our sweet taste bioelectronic tongue 
could be a promising tool for various basic research and industrial applications. 
 
Keywords : bioelectronic tongue, human sweet taste receptor, G-protein-coupled receptor, venus flytrap, carbon 
nanotube, field-effect transistor 
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 S614   A Highly Sensitive Lateral Flow Immunoassay Technique for Rapid Detection of Enrofloxacin in 
Milk 
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Enrofloxacin (ENR) is an antibiotic used in treatment of livestock which can persist in food, endangering human 
health. For the rapid detection of ENR, in this work, we developed a one-step detection lateral flow 
immunochromatographic assay (LFIA) based on gold nanoparticles (AuNPs). An anti-enrofloxacin monoclonal 
antibody (mAB) was conjugated with AuNPs for the specific detection of enrofloxacin in milk samples. In South 
Korea, the maximum residue limit (MRL) for ENR in milk is set to 0.05 mg/kg according to the ministry of food 
and drug safety (MFDS). The developed LFIA test strip is simple and does not require expert personnel or involve 
a complex instrument. In the present study, the visual limit of detection (vLOD) was estimated to be 50 ng/ml 
which is the MRL allowed in milk samples by MFDS. This makes our sensor beneficial for the use in visual rapid 
detection for milk samples. The ENR test strip showed negligible cross-reactivity with ENR analogues 
(ciprofloxacin, ofloxacin, norfloxacin), creatine which is a component of meat and antibiotics used in livestock 
(ampicillin, tetracycline, chloramphenicol), this indicates the high specificity of the test strip toward ENR. The 
strip test we designed showed good reliability and did not show any false results. The visual test results can be 
seen within 10 min without need of special equipment. Therefore, the test strip is very useful as a detection method 
for qualitative detection of enrofloxacin in milk samples. 
  
Keywords : biosensor, antibody, antibiotic, enrofloxacin, immunochromatographic assay, test strip, rapid test 
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 S615   Fabrication of Shape-Imprinted Microspheres by Interfacial Deformation of Confined 
Photocurable Fluid 
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In this study, we present a simple method for fabricating shape-imprinted microspheres and their application 
toward multiplex immunoassays. A photocurable fluid (polyethylene glycol diacrylate, (PEGDA)) confined 
within a micromold forms drops as a result of capillarity and mold swelling upon the addition of immiscible 
wetting fluid, and part of the photocurable fluid is trapped at the swollen open end, thereby forming polymeric 
microspheres with imprinted shapes upon photopolymerization. The approach produces highly uniform 
microspheres with different imprinted shapes depending on mold geometry in a consistent manner; the size of the 
microspheres can also be successfully tuned by varying the mold dimension. In addition, we impart amine-reactive 
functional group on microsphere, enabling efficient conjugation of capture antibody. Finally, different capture 
antibodies are conjugated onto microspheres with different shapes, which can be used as a suspension array with 
shape-encoded suspension array in multiplex immunoassays. This technique provides high selectivity and a simple 
decoding method for biosensing application. 
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 S616   Co-Doped Mesoporous Ceria Having High Peroxidase-Like Activity at Neutral pH for Paper-
based Visual Detection of Multiple Biomarkers 
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Peroxidase-like nanozymes have been extensively studied, however, their application is limited by the fact that 
they require an acidic pH environment [1,2]. Herein, we report the development of Co-doped mesoporous cerium 
oxide (Co-m-ceria) which operates optimally at a near-neutral pH and exhibits a peroxidase-like catalytic 
efficiency that is 600-times higher than that of pristine m-ceria [3]. Based on the rational screening strategy using 
density functional theory, Co was selected as the appropriate dopant on m-ceria to exhibit the peroxidase-like 
activity under neutral pH conditions. The high peroxidase-like activity of Co-m-ceria under neutral conditions 
and its mesoporous nature enable the construction of an efficient one-pot cascade reaction system that can detect 
multiple biomarkers without altering the pH of the reaction system. Five different oxidative enzymes were 
immobilized in the pores of Co-m-ceria at high loadings, followed by incorporation of the enzyme-containing Co-
m-ceria in paper microfluidic devices for the convenient and simultaneous detection of multiple biomarkers. The 
Co-m-ceria-incorporated paper microfluidic device enables the selective and sensitive determination of multiple 
biomarkers using an image acquired by a smartphone. This study demonstrates that the rational design of 
nanozymes is beneficial for achieving enhanced catalytic features, laying the groundwork for future applications 
of nanozymes in POCT environments. 
  
Keywords : mesoporous ceria, nanozyme, paper microfluidic device 
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 S617   pH-Responsive and Burst Releasing Nanocomplex for Oral-administered Pharmaceuticals and 
Nutraceuticals 
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Oral delivery system using nanocomplexes have been extensively studied for sustained or controlled release of 
small molecules. However, macromolecules including protein and biopolymers are rarely used for oral-
administered nanocomplexes. Herein, a pH-responsive nano-sized complex with low molecular chitosan and 
alginate was fabricated without cross-linker as an oral vehicle for bursting release of cargo protein, bovine serum 
albumin (BSA) at the target location to enhance the efficacy. Size, ζ-potential, morphology, BSA release, and 
swelling degrees of the complex were evaluated under simulated gastrointestinal conditions. Complex with 
optimum parameter combination conditions completely retained BSA in complexes at pH 2.0 and exhibited 
bursting release at pH 7.4. Low absolute ζ-potential value, large size and polymeric morphology demonstrated 
that the pH-responsive complexes inhibited protein release at pH 2.0 through the molecule-molecule aggregation. 
Relatively high absolute ζ-potential value and ideal swelling ability revealed that the complex promoted the 
release at 7.4 through both micro- and macroscale swelling. Results demonstrate that the resulting nanocomplex 
has a potential for the oral-administration of macromolecular pharmaceuticals and nutraceuticals. 
  
Keywords : low molecular chitosan, alginate, nanocomplex, bursting release, degree of swelling 
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 S618   Activities of Antioxidants to Reduce the Side Effects of Reactive Oxygen Species in Model 
Membranes Mimicking Cancer Cells and Normal Cells 
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Photodynamic therapy is a method of producing reactive oxygen species using light, photosensitizers, and oxygen 
to kill cancer cells. However, major side effects occur to patients due to photosensitizers residing in non-targeted 
areas. On the other hand, antioxidants are useful for normal tissue protection against reactive oxygen species. This 
study aims to fabricate model membranes of cancer cells and normal cells according to lipid saturation in order to 
measure the effectiveness of antioxidants to reduce the effect of reactive oxygen species. Normal cell membranes 
were seen to be more vulnerable to ROS while ROS effect was reduced mostly by ascorbate, followed by 
glutathione, alpha-tocopherol and carotene. This study shows that the level of ROS can be efficiently controlled 
by antioxidants to prevent intracellular oxidation and lower membrane damage caused by ROS. 
  
Keywords : antioxidant, photodynamic therapy, reactive oxygen species, biomimetic membranes, lipid 
membranes, droplet interface bilayer 
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 S619   Cancer Cell-specific Co-delivery of Cas9 mRNA and Guide RNA Using Aptamer-tetrahedral 
DNA-immobilized Liposome 
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CRISPR-Cas9 system is well-known as a powerful genome editing method that can treat many diseases at the 
genetic level. This system can be applied to genetic disorder therapy and cancer therapy by targeting related genes. 
However, in cancer therapy, CRISPR-Cas9 is difficult for cell-specific delivery because CRISPR-Cas9 lacks 
specificity for cancer cells. Thus, it is necessary to develop a method for cancer-specific delivery. Here, we 
developed a novel delivery system, aptamer-tetrahedral DNA immobilized liposome (ApTL), specifically 
delivering the CRISPR-Cas9 to cancer cells. The ApTL complex exhibited the average size with 700-800 nm and 
negative charge by SEM and zeta-sizer. Through mCherry-N1 plasmid or EGFP mRNA transfection using 
targeting-ApTL (T-ApTL), the transfection efficiency was higher than non-targeting ApTL. Moreover, the T-
ApTL inhibited cancer cell proliferation and increased genome editing efficiency by delivering cancer-related 
gene-targeted gRNA and Cas9 mRNA through WST-1 assay and sequencing analysis. This strategy may be 
applied to the specific CRISPR-Cas9 delivery for cell-specific genome editing and disease treatment. 
 
Keywords : cancer, CRISPR-Cas9, genome editing, liposome, tetrahedral DNA nanostructure (TDN), aptamer, 
mRNA 
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 S621   Counterplotting the Mechanosensing-Based Fouling Mechanism of Mussels against Fouling 
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Marine organisms react to various factors when building colonies for survival; however, severe accumulation of 
diverse organisms on artificial structures located close to water causes large industrial losses. Herein, we identify 
a 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 
mechanosensing pathway and the adhesive proteins in secretory glands. In addition, the use of soft substrates or 
antagonists of surface mechanosensing behavior suppresses mussel fouling significantly. 
 
Keywords : antifouling, mussel adhesion, mechanosensing, biofouling, antagonist 
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 S622   Biodegradation of Phenol Formaldehyde Resin by Superworms Zophobas atratus 
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The printed circuit board(PCB) used in electronic devices is made of Phenol formaldehyde resin. Since this resin 
is not biodegradable, it causes a lot of environmental issues in the process of landfilling or incineration after using. 
In this study, we propose a method for biodegrading Phenol formaldehyde resin using superworms called 
Zophobas atratus. Phenol formaldehyde resin foam was used as sole feedstock to feed superworms for 28 days, 
and the survival rate of the superworms and the resin weight consumption were measured. The attenuated total 
reflection Fourier transform infrared spectroscopy(ATR-FTIR), nuclear magnetic resonance(NMR) and Mass 
spectrometry(MS) analysis comparing plastic of feces and plastic feedstock demonstrated chemical structure 
change of Phenol formaldehyde resin. In addition, we analyzed which microorganisms are involved in the 
biodegradation of Phenol formaldehyde resin through the change in the microbial community distribution of the 
superworm’s gut, and we could expect the biodegradation of Phenol formaldehyde resin, which was impossible 
to biodegrade in the past. 
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 S623   Identification and Characterization of Biofouling Causing E. coli Peptides from Membrane-based 
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In wastewater treatment, bacterial biofilm makes the matrix that causes irreversible biofouling on the membrane. 
Biofouling is one of the crucial problems which hinders the efficiency of the membrane-based processes. 
Extracellular polymeric substances (EPS), produced by microorganisms, can increase tolerance to antimicrobials 
and be key to microbial behavior in the environmental plant. They have functions as adhesion, biofilm formation 
and formation of microbial aggregates in the wastewater treatment. It is essential to elucidate the EPS proteins 
and characterize the proteins to make biofilm. Although the characterization of biofouling contaminants has been 
studied, proteomics researches with biological systems of biofouling are not well understood. In this study, 
proteins were identified and analyzed the proteins in microbial system to control the formation of microbial 
aggregates. A single species, E. coli, were inoculated and treated with reverse osmosis (RO) membrane which 
were used to collect the biofouling inducing biofilm. The EPS proteins from E. coli on membrane were identified 
through LC-MS/MS and measure the biofilm properties of the identified peptides to understand the microbial 
communities. 
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Polyethylene (PE) is the most abundant synthetic polymer that has been indispensable in all aspects of modern 
life because of its various applications [1]. The PE is extremely recalcitrant to natural biodegradation processes, 
resulting in massive accumulation in the environment [2]. We successfully screened Bacillus species isolated from 
a landfill that specifically enriched in non-carbonaceous nutrient medium, with PE as sole carbon source. Among 
four Bacillus strains, the B. thuringiensis JNU01 has the highest cell growth levels in media with PE powder, and 
microbe treated PE has new chemical functional groups such as hydroxyl, carboxyl, and amide groups in the inert 
hydrocarbon. The B. thuringiensis JNU01 treated PE film showed defective external sites and relatively high 
hydrophilicity by SEM and Contact angle analysis. Interestingly, various alkane derivatives as potential renewable 
resources were detected by GC-MS from cell culture of B. thuringiensis JNU01 with PE. This result shows that 
the B. thuringiensis JNU01 biodegrades PE and provides significant insights into the discovery of novel functions 
of Bacillus species as well as their potential as PE decomposers. 
** This results was supported by “Regional Innovation Strategy (RIS)” through the National Research 
Foundation of Korea (NRF) funded by the Ministry of Education (MOE). 
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 S625   Biodegradation of Bioplastics by Marine Bacterial Consortia Isolated from Sea Water, Pohang 
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Plastic has become the most abundant part of marine debris, increasing severity of marine pollution. Bioplastic 
has emerged as a potential alternative for a sustainable marine environment. However, there are few studies on 
whether bioplastic can be biodegradable by marine microorganisms. 
Here, we found that PBAT (polybutylene adipate terephthalate), PBS (polybutylene succinate) and PLA 
(polylactic acid) — bio-degradable or bio-based plastics — are degraded by marine bacterial communities isolated 
from sea water, Pohang. Metagenomic analysis found the dominant microbes in the bacterial community exposed 
to each bioplastic. Further, we demonstrated that the marine bacterial consortium is more effective to degrade 
bioplastics than the isolated dominant species. Our results show that bioplastics can be biodegraded by marine 
microorganisms and are likely to shed light on the development and utilization of marine biological resources.  
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 S626   Phycocyanin Production from Tangerine Peel Waste Using Extremophile Galdieria sulphuraria 
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Microalgae have various advantages including high biomass productivity, high CO2 fixation ability, various 
producible value-added items, and treatment of waste and wastewater. This study aims to recycle an industrial 
food by-product and to produce microalgae biomass rich in phytochemicals with high added value for food and 
nutraceutical applications. In this study, we tested the tangerine peel waste as a nutrient source for the culture 
media of microalgae which could produce value added products. Extracts from tangerine peel waste were 
nutritionally reasonable for algal nutrients except for the N source. Therefore, tangerine peel medium (TPM) was 
prepared with N supplementation and pH adjustment to meet the optimum pH condition. In addition, we tested 
the effect of the condition of seed culture on the cell growth and substrate uptake profiles for higher phycocyanin 
productivity. As a result, biomass in the TPM showed continuous growth until day 8 and it yielded 9.10 ± 1.03 
g/L, and the phycocyanin yield of TPM was improved to 98.10 ± 12.64 mg phycocyanin/L which is larger than 
conventional medium + glucose (80.79 ± 21.79 mg phycocyanin/L). We believed that this research would be a 
helpful item to both economical phycocyanin production by microalgae and utilization of food waste. 
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Microorganisms in the air spread quickly and widely, resulting in the threat of various diseases around the world. 
Therefore, it is required fast and highly sensitive detection of airborne bacteria. Citrobacter braakii is a pathogenic 
intestinal bacteria that causes bacteremia and associated with apolybacterial infection. Aptamers that 
bind Citrobacter braakii to a specific target molecule were selected via the centrifugation-based non-SELEX 
method. The obtained sequences were quickly evaluated their specificity through colorimetric aptasensing 
platform. Then, the binding affinity assay were performed with fluorescein phosphoramidite (FAM) tagged 
aptamers which showed high specificity. Binding affinity was shown dissociation constants (Kd) that was 16.4 
nM. Also, selected aptamers had binding affinity with target bacteria from bioaerosol sampling system. These 
results might suggest that aptamers which have highly binding affinity with bacteria obtained from aerosol 
sampling could be selected through the centrifugation-based non-SELEX method. 
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Polystyrene (PS) is difficult to biodegrade due to its unique chemical structure that comprises phenyl moieties 
attached to long linear alkanes [1]. In this study, we investigated the biodegradation of PS by mesophilic bacterial 
cultures obtained from the soils in common environments. Pseudomonas lini JNU01 and Acinetobacter 
johnsonii JNU01 were enriched in non-carbonaceous nutrient medium, with PS as the only source of carbon. Their 
growth after culturing in basal media increased more than 3-fold in the presence of PS. Fourier transform infrared 
spectroscopy analysis showed an increase in the amount of oxidized PS samples. Moreover, field emission 
scanning electron microscopy analysis confirmed PS biodegradation by biofilms of the screened microbes. Water 
contact angle measurement offered insights into the increased hydrophilic characteristics of PS films. 
Transcriptional analysis of A. johnsonii JNU01 revealed alkane-1-monooxygenase (AlkB) to be involved in PS 
biodegradation, which was confirmed by the hydroxylation of PS using recombinant AlkB. These results provide 
insights into the discovery of novel functions of these two new strains as well as their potential as PS decomposers. 
** This results was supported by “Regional Innovation Strategy (RIS)” through the National Research 
Foundation of Korea (NRF) funded by the Ministry of Education (MOE). 
 
Keywords : polystyrene, biodegradation, microorganism, AlkB, hydroxylation 
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 S629   Development of Multi-reactive Aptamers for Cronobacter spp. Using the Sequential Partitioning 
Method 
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Cronobacter spp. is one of the opportunity foodborne pathogens, which is typically detected in contaminated 
powder infant formula (PIF). When consuming food contaminated with Cronobacter spp., it causes bacterial 
meningitis, necrotizing enterocolitis (NEC), and sepsis that lethal dose up to 80%. To prevent damage 
to Cronobacter species, it requires rapid detection and control of foodborne pathogens for aptamers specific 
to Cronobacter species. In this study, we isolated aptamers specific to 7 species of Cronobacter (C. sakazakii, C. 
malonaticus, C. turicensis, C. muytjensii, C. dublinensis, C. condimenti, and C. universalis) using the sequential 
partitioning method. This method is the Non-SELEX process that removes repeated enrichment steps and finally 
reduces the total aptamer selection time. We isolated four aptamers (C1, C2, C7, and C9), which have high affinity 
and specificity to 7 species of Cronobacter (Kd : 3.7 - 86.6 nM). The first time identified aptamer isolation was 
successfully performed for multiple targets using the sequential partitioning method. Further, these aptamers were 
used in the PIF detection test. These results indicate that the selected aptamers can detect Cronobacter spp. in 
contaminated PIF and apply the aptamer-based sensor platforms. 
  
Keywords : Cronobacter spp., aptamer, powdered infant formula 
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 S630   Microbial Production of Carminic Acid 
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Carminic acid is a natural red colorant produced from scale insects. Here, we report the construction of 
an Escherichia coli strain capable of producing carminic acid. To produce flavokermesic acid, the AntDEFBG 
type II polyketide synthase machinery and ZhuIJ cyclases were introduced. Then, to discover enzymes responsible 
for the following hydroxylation and C-glucosylation, biochemical reaction analyses were employed. Thus, DnrF 
and GtCGT were identified that could carry out the desired reactions. Next, homology modeling and docking 
simulations were performed to construct mutants with enhanced activities. The GtCGT mutant could also produce 
aloesin, a skin-whitening agent from Aloe vera, proving that it is a generally applicable C-glucosyltransferase. 
Finally, fed-batch fermentation of the final strain resulted in 0.63 mg/L of carminic acid production from glucose. 
** 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; Novo Nordisk Foundation 
grant NNF16OC0021746. 
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 S631   Biosynthesis of Poly(3-hydroxybutyrate-co-3-hydroxyvalerate) in Engineered Methylosinus 
trichosporium OB3b 
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P(3-hydroxybutyrate-co-3-hydroxyvalerate) [P(3HB-co-3HV)] is a biodegradable and biocompatible biopolymer 
with promising material properties. Methylosinus trichosporium OB3b is the type II methanotroph which 
assimilates CH4 to acetyl-CoA via serine cycle and the produced acetyl-CoA goes into ethylmalonyl-CoA (EMC) 
pathway, yielding 3HB-CoA as intermediate which can be synthesized to P(3HB) by PHA synthase. Accordingly, 
wild-type M. trichosporium OB3b can only produce homopolymer of P(3HB) 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 then reduced to 3HV-CoA via native acetoacetyl-CoA reductase. Propionyl-
CoA is also an intermediate of the native EMC pathway, but the level of internal propionyl-CoA of wild-type M. 
trichosporium OB3b is too low to produce 3HV-CoA. Here, we present the development of the recombinant M. 
trichosporium OB3b strain with engineered EMC pathway for P(3HB-co-3HV) production from methane as sole 
carbon source or with the addition of precursor. 
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 S632   Production of Gamma-aminobutyrate (GABA) in Recombinant Corynebacterium 
glutamicum Strains 
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Gamma-aminobutyrate (GABA) is a four carbon non-essential amino-carboxylic acid that is used as a building 
block chemical in the chemical, food, and pharmaceutical industry. Furthermore, GABA can be used as a 
precursor for the production of 2-pyrrolidone and nylon 4. Biologically, glutamate decarboxylase (GAD) has been 
employed for the biosynthesis of GABA. Therefore, the direct fermentation of GABA from glucose was achieved 
by recombinant microorganisms expressing GAD applying different metabolic engineering strategies. 
Accordingly, Vitreoscilla hemoglobin promoter-based tunable expression system (Pvgb) was developed not only 
to expand engineering tools applicable to C. glutamicum but to support high GABA concentration. In addition, 
lignocellulosic biomass, empty fruit bunch (EFB) biosugar solution, was used as a fermentation substrate to ensure 
economic feasibility of microbial GABA production. At last, we established recombinant C. glutamicum strains 
harboring GAD from lactic acid bacteria (Lactococcus lactis CICC20209 and Lactobacillus senmaizukei) and 
GAD mutant from E. coli exhibiting optimum activity at near neutral pH value to bridge the gaps between GAD 
activity (pH 4.0) and cell growth (pH 7.0). 
Hereby, we will discuss the development of metabolically engineered C. glutamicum strains for enhanced one-
step fermentative GABA production from renewable resources in broadened pH range. 
 
Keywords : Biorefinery, GABA, Glutamate decarboxylase, Corynebacterium glutamicum 
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 S633   Systematic Engineering of Metabolic Genes in Streptomyces venezuelae Using its Genome-scale 
Metabolic Model 
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Pikromycin, a type I polyketide compound, is structurally related to ketolide antibiotics. It is produced 
by Streptomyces venezuelae ATCC 15439 which has shown fast growth and high efficiency in gene manipulation. 
Although there have been efforts for enhancing the production of pikromycin using S. venezuelae through 
modulating regulatory elements, the impact of engineering metabolic genes has not been explored extensively. 
Hence, systematic metabolic engineering of S. venezuelae for improving pikromycin production was performed 
in this study. For searching manipulation targets, a genome-scale metabolic model of S. venezuelae was 
reconstructed and simulated, resulting in the selection of 11 metabolic gene targets. Starting from constructing 
strains with single gene manipulations of the 11 targets, the combinatorial effects of engineering multiple genes, 
two to four genes, were investigated. As a result, the best strain, which had two genes engineered, produced 295.25 
mg/L of pikromycin in the fed-batch fermentation, by far the best production titer using the native producer. The 
strategy demonstrated herein can also be applied to other secondary metabolites using S. venezuelae. 
 
Keywords : pikromycin, Streptomyces venezuelae, systems metabolic engineering, genome-scale metabolic 
model 
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 S634   Differential Analysis of Indole and Tryptophan Using a Cell-free Sensor 
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Indole is an important heterocyclic compound that works as a nucleus for the synthesis of many key compounds 
in the pharmaceutical, agricultural, plastics, and perfumery industries. In addition, indole is used as an intercellular 
signal in the microbial community [1]. Indole produced in the gut microbiome induces negative emotions in mice 
[2], and indole detected in feces is a susceptibility biomarker for Cryptosporidium infection in humans [3]. As 
research on the microbiome is active, interest in indole analysis, which can be a biomarker for various diseases, 
is growing. Usually, indole analysis is performed through mass spectrometry, gas chromatography, or HPLC, but 
these methods require skilled workers and expensive equipment, and have the disadvantage that it takes a long 
time to obtain analysis results. 
Complementary cell-free protein synthesis (CCFPS) assays are a method for analyzing amino acids based on the 
activity of a cell-free synthetic reporter protein. For example, if a reaction mixture for cell-free protein synthesis 
is prepared without tryptophan, the reaction mixture cannot produce a reporter protein because it lacks amino 
acids. When a sample containing indole converted to tryptophan by tryptophan synthase β is added to this, all 20 
amino acids become available to produce a protein. Because this CCFPS is analyzed by converting indole to 
tryptophan, it is difficult to differentiate between indole and tryptophan. We were able to differentially analyze 
indole and tryptophan with personal glucose meter (PGM) using CCFPS by adding a simple pretreatment process. 
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 S635   Transformation of CO from Real Flue Gas by Engineered Ni-Fe CO Dehydrogenases with 
O2 Tolerance 
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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 engineering of Ni-Fe CODH (CO dehydrogenase) to have enough O2 tolerance to utilize in industrial 
purpose. The ChCODH-II (CODH from carboxydothermus hydrogenoformans) had high activity with low 
O2 tolerance, whether the ChCODH-IV had relatively low activity with high O2 tolerance. By comparing the 
tunnel structure of these CODHs, we found candidates to mutate on ChCODH-II for improved O2 tolerance. One 
(A559W) of the variants had enhanced O2 tolerance and even successfully consumed the CO in real LDG (Linz-
Donawiz converter gas) from Hyundai Steel without any pretreatment. The structures of the mutants were 
determined through enzyme crystallization in anaerobic chamber and X-ray crystallography. The analysis based 
on the structures of mutants gave hints about how the O2 tolerance was increased. 
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 S636   Characterization and Engineering of CYP153A33 with an Enhanced Ratio of ω-Hydroxylation to 
Overoxidation Activity in Whole-Cell Biotransformation of 1-Dodecanol 
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α,ω-dodecanediol is extensively used as an adhesive, crosslinking agent, and building block in the chemical and 
polymer industries. Cytochrome P450 monooxygenase (CYP), CYP153A33 from Marinobactor aquaeolei was 
investigated for ω-specific hydroxylation of 1-dodecanol and genetically engineered to obtain higher ω-specific 
hydroxylation activity while decreasing an over-oxidation activity through site-directed mutagenesis. Based on 
protein structure analysis, Proline136 of CYP153A33 was selected as the key residue, which was substituted with 
alanine. As a result of whole-cell biotransformation of 10 mM 1-dodecanol, 7.12 mM of α,ω-dodecanediol were 
produced while the hydroxylation to over-oxidation ratio was increased. Finally, the applicability of the 
CYP153A33 P136A for ω-specific hydroxylation against several primary alcohols (C6-C16) was investigated. 
 
Keywords : CYP153A33, enzyme engineering, α,ω-alkanediol, whole-cell biotransformation 
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 S637   Engineering of Formate Dehydrogenase from Methylobacterium Extorquens AM1 for High ROS 
Tolerance 
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The continuous emission of carbon dioxide (CO2) is one of the most serious environmental problem, which 
humanity has to limit as soon as possible. Thus, CO2 conversion into usable chemical compounds has become a 
very interesting and promising topic for the scientific society. In our lab, we have focused on the fixation of carbon 
dioxide (CO2) in order to produce formate due to its versatility in various industries, such as energy storage. It has 
been reported that even though some formate dehydrogenases (FDHs) can catalyze the reaction of CO2 reduction 
into formate, however in the presence of reactive oxygen species (ROS), serious decrease of their activity as well 
as stability has been observed. In our team, formate dehydrogenase 1 (MeFDH1) from Methylobacterium 
extorquens AM1 is used overexpressed by pCM110 plasmid. In order to increase MeFDH1 tolerance against ROS, 
alanine scanning was performed in the beta subunit by selecting 6 aromatic residues near FMN cofactor. Around 
three times decrease of the first order inactivation constant (Kd value) was found for mutant MeFDH1 under 
reducing environment with 10 mM reduced ethyl viologen (EV). Moreover, in 100 mL scale reactor operated 
under ambient conditions, the formate productivity was decreased only 6.8% per repeated batch operation 
compared with the operation with wild type MeFDH showing around 15% decrease, which clearly shows the 
improved resistance of MeFDH1 mutant against ROS. 
 
Keywords : formate, formate dehydrogenase, CO2 reduction, ROS tolerance, Methylobacterium extorquens AM1 
 
 
  

Advanced Biotechnology for Human Society2022 한국생물공학회 춘계학술발표대회 및 국제심포지엄
2022 KSBB Spring Meeting and International Symposium

143



 S638   Development of Human Elastin Domain-Derived Protein Materials 
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Elastin is an attractive material owing to its unique properties including high resilience, long half-life, and 
remarkable interaction with cells. Elastin provides structural integrity, biological cues, and persistent elasticity to 
a range of important tissues including vasculature and lungs. Elastin is also an important load-bearing tissue in 
the bodies of vertebrates and used in places where mechanical energy is required to be stored. Human elastin 
consists of 36 domains and the structure consists of repeats of hydrophobic and crosslinking domains. The 
hydrophobic domain of elastin consists of motifs representing the physical properties of elastin and elastin-like 
proteins (ELPs) have been developed by repeating these motifs. Although ELPs are attractive materials for tissue 
engineering applications where mechanical properties are of importance along with the ability to precisely control 
the physiochemical properties of the scaffolds, there are limitations compared to human elastin such as complex 
physical properties, in vivo maintenance, and cell affinity. In this research, we developed human elastin domain 
derived proteins (EDDPs) which can mimic the properties of human elastin and overcome the limits of ELPs. 
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Erythrulose (C4) is used as an active ingredient for tanning in the cosmetic industry [1]. Here, we have constructed 
an enzyme cascade reaction system that can produce erythrulose from C1 compound (e.g., formaldehyde). The 
enzyme cascade consisted of two thiamine-diphosphate dependent carbon-carbon ligases. The first enzyme was a 
thermostable glyoxylate carboligase from Escherichia coli K-12 (EcGCL), which is able to condense two 
molecules of formaldehyde into one molecule of glycolaldehyde [2]. The other enzyme was a decarboxylating E1 
component of the α-ketoglutarate dehydrogenase complex, SucA from Vibrio vulnificus (VvSucA), which was 
shown to catalyze condensation of two molecules of acetaldehyde into one molecule of acetoin [3]. The 
application of an EcGCL variant (i.e. EcGCL_R484M/N283Q/L478M/M488L) and the VvSucA allowed to 
produce erythrulose (C4) from formaldehyde (C1) via glycolaldehyde (C2). The biotransformation performance 
of the VvSucA was superior to that of formolase [1]. This study will contribute to valorization of C1 compounds. 
 
Keywords : erythrulose, formaldehyde, glycolaldehyde, EcGCL, VvSucA 
 
References 
1. S. Guner, V. Wegatm, A. Pick and V. Sieber, Green Chem. 23, 6583-6590 (2021). 
2. H. J. Jo, J. H. Kim, et al., Green Chem. 24(1), 218-226 (2021). 
3. P. W. Seo, H. J. Jo, et al., Catal Sci Technol. 10, 79-85 (2020). 
 
 
  

Advanced Biotechnology for Human Society2022 한국생물공학회 춘계학술발표대회 및 국제심포지엄
2022 KSBB Spring Meeting and International Symposium

145



 
 
 
 
 
 
 
 

 
 

 
 
 
 
 
  

[S6-4] 

부문위원회 및 학생세션 IV 

Advanced Biotechnology for Human Society2022 한국생물공학회 춘계학술발표대회 및 국제심포지엄
2022 KSBB Spring Meeting and International Symposium

146



 S640   Melanin Decolorization by Lysosome-related Extract in Saccharomyces cerevisiae Modified to 
Overproduce Glutathione Peroxidase 
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All eukaryotes have lysosomes that contain hydrolytic enzymes, such as protease, that degrade waste materials 
and cellular fragments. we found that lysosome-related organelle extract (LOE) was effective to reduce melanin 
color, and glutathione peroxidase (GPX), of the lysosomal fraction played an important role to decolorize melanin 
compounds. In this study, by amplifying GPX in S. cerevisiae, the melanin-decolorization efficiency of LOE 
improved, and we found the enzyme had the ability to penetrate corneous tissue in the skin by conducting an 
artificial tissue test. The relationship between the melanin decomposition activity and the peroxidase activity was 
revealed, and further studies are needed on the peroxidase activity and melanin decomposition in the cells. This 
is the first study to apply GPX, an antioxidant enzyme, and the lysosome fraction of yeast to whitening functional 
cosmetics.  
** This research was supported by Basic Science Research Program through the National Research Foundation 
of Korea (NRF) funded by the Ministry of Education (2021R1A2C209358011). 
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 S641   Skin Damages and Aging Induced by Chronic Infrared Irradiation 
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Although infrared ray constitutes up to 45% of total solar spectrum, only a few studies have reported cellular 
effects of infrared ray alone on skin aging and photo-damages. In this study, cellular responses to acute and chronic 
infrared ray irradiation were first studied, to our best knowledge, under precisely controlled temperature and 
intensity of irradiation (duration, frequency, and dose of infrared irradiation) using human dermal fibroblasts and 
keratinocytes. Chronic infrared irradiation at physiological temperature severely elicited photo-damages e.g. 
reduced cell proliferation, increase of intracellular reactive oxygen species, induction of apoptotic signals, and 
changes of cellular morphology. In addition, acute infrared irradiation at physiological temperature showed 
negligible effects, while its harmful effects were observed only with heat stresses. Moreover, protection cream 
from infrared ray successfully reduced cellular damages by infrared irradiation. Taken together, considering 
severe photo-damages by chronic infrared ray irradiation itself, it is crucial to protect skins from continuous 
exposure of infrared ray for healthy skin during daily life. 
  
Keywords : infrared-A ray (IRA), skin aging, skin damage, Inflammatory cytokine, reactive oxygen species 
(ROS) 
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 S642   Co-use of Redox Enzymes for Application as Anti-aging and Whitening Cosmetics 
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The destructive role of reactive oxygen species (ROS) in biological systems is well recognized and is manifested 
most in the ultraviolet (UV) light-induced skin damage leading to so-called photoaging [1]. Radical scavengers are 
known to reduce ROS damage by breaking free radical chain reactions that are mostly initiated by unstable and 
very reactive superoxide anion radical. One of the well-known and powerful ROS scavenging enzymes is 
Superoxide Dismutase (SOD) which is known to prevent or decrease free radicals’ build-up by converting 
superoxide anion (O2

- ) to hydrogen peroxide (H2O2) in an efficient way. 
Lignin Peroxidase (LiP) from Phanerochaete chrysosporium is known to effectively decolorize melanin which 
uses hydrogen peroxide substrate as electron acceptor [2]. 
A gene encoding Mn-SOD from Haliotis discus discus species was cloned, sequenced, expressed in E.coli BL21 
cells, and purified using nickel-nitrilotriacetic acid (Ni–NTA) columns[3]. The activity was measured using 
Xanthine/Xanthine Oxidase coupled system. 
SOD will act as an antioxidant and anti-aging enzyme by protecting skin from ROS damage as well as be a 
“bodyguard” for Lignin Peroxidase. 
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 S643   Cell-Inspired Hydrogel Microcapsules with an Intermediate Oil Layer: Enhanced Retention of 
Highly Reactive Antioxidant Cargoes 
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In this study, we report a cell-inspired hydrogel microcapsules with an intermediate oil layer prepared by utilizing 
triple emulsion drops as templates to achieve enhanced retention of highly reactive antioxidant cargoes. 
We employ ionic gelation for the hydrogel shell to protect the encapsulated antioxidant cargo from exposure to 
free radicals typically generated during photopolymerization process. The intermediate oil layer of the 
microcapsules acts as a stimuli-responsive diffusion barrier, enabling efficient encapsulation and retention of 
antioxidant cargoes by providing an adequate pH microenvironment. Moreover, addition of lipophilic reducing 
agent in the oil layer induces complementary reaction with the antioxidant cargoes, similar to the cellular non-
enzymatic antioxidant defense system, enabling enhanced retention of the antioxidant activity. Furthermore, by 
simply lowering the storage temperature, the antioxidant activity is fully recovery and even further enhanced, that 
decreases the oxidation rate while retaining the complementary reaction with the lipophilic reducing agent. 
We envision that the proposed microcapsules will open up a new route for long-term storage and programmable 
release of highly reactive cargoes that are in increasing demand in various fields including cosmetics, 
pharmaceuticals, and food. 
 
Keywords : droplet microfluidics, cell-inspired microcapsule, reactive antioxidants, triple emulsion, 
encapsulation 
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 S644   Production of Lysine-derived C5 Chemicals Using Metabolically Engineered Corynebacterium 
glutamicum 
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The gram-positive bacterium Corynebacterium glutamicum is a generally recognized as safe (GRAS) strain which 
is widely used for the industrial production of lysine. Having an efficient lysine production capability, a number 
of metabolic engineering studies have aimed to produce different C5 platform chemicals such as 5-aminovaleric 
acid, 5-hydroxyvaleric acid (5HV), and glutaric acid using C. glutamicum. Here, we present a series of metabolic 
engineering strategies designed for the development of recombinant C. glutamicum capable of producing lysine-
derived 5HV and glutaric acid. 
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 S645   Multi Input Cellular Logic Computation for Endogenous Gene Regulation Using Computable 
Guide RNAs 
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CRISPR-dCas9 system offers a unique RNA-guided approach for transcriptional regulation [1]. Thanks to 
achievements in RNA synthetic biology, development of guide RNA (gRNA) engineering enabled conditional 
activation of gRNAs [2]. However, previous riboregulated gRNA designs still show low fold changes to process 
boolean logics [3]. Here, we characterize critical factors for design of RNA-dependent modulation of CRISPR 
gRNA for processing multi-input boolean logic computation. We designed and tested cis-regulatory gRNAs that 
switch to their active state only upon interaction with synthetic trigger RNAs. We demonstrate that computable 
gRNAs in Escherichia coli can evaluate two-input OR, AND, and A AND (NOT B) logic with a dynamic range 
up to 120-fold. The proposed computable gRNA design is applicable to two-input logic operation for 
transcriptional regulation of endogenous ftsZ or mreB [4]. The development of nucleic acid sensing CRISPR-
dCas9 systems with large dynamic range up to 130-fold and multi-input logic computation capabilities could lead 
to improved genome regulation as well as construction of synthetic circuits with broader functionality [5]. 
 
Keywords : RNA synthetic biology, conditional gRNA, boolean logic, metabolic engineering, CRISPRi 
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 S646   Activation of the p38 MAPK/NF- κB Signaling Pathway in Yeast-derived Vacuoles via Toll-like 
Receptor 2/4 in Murine Macrophages 
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The vacuoles of the yeast S. cerevisiae are closely related to mammalian lysosomes and play a role in 
macromolecular degradation by the hydrolytic enzymes present inside. Also, the vacuoles regulate osmotic 
pressure and control cellular homeostasis. In previous results, vacuoles activate the immune response of 
macrophages by promoting the production of immune-mediated transporters NO, ROS, and pro-inflammatory 
cytokines. In this study, we investigated the receptors capable of recognizing vacuoles in RAW264.7 cells and the 
signaling pathways of their immune-enhancing effects. After treatment with TLR2/4 inhibitor, the expression of 
pro-inflammatory cytokines by vacuoles was significantly reduced, and inducible nitric oxide synthase (iNOS) 
protein was also significantly reduced. However, treatment with a TLR2 inhibitor did not reduce the production 
of IL-6, a pro-inflammatory cytokine. As a result of confirming the activation of TLR2/4 using western blot and 
Immunofluorescence (IF), TLR2/4 protein expression and fluorescence intensity increased depending on the 
concentration of vacuoles. In addition, as a result of confirming the expression of p38 MAPK/p65 NF-kB protein 
through Western blot, it was confirmed that the expression was upregulated in the vacuole-treated group. This 
research was supported by the Basic Science Research Program through the National Research Foundation of 
Korea (NRF), funded by the Ministry of Education (NRF-2021R1A2C2093580). 
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 S647   Approach to Soluble Expression of Recombinant Lignin Peroxidase in Escherichia coli 
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Lignin peroxidase originated from white rot fungi is known to play a key role in degradation of lignin by catalyzing 
the oxidation reaction. Lignin peroxidase, which has such a high redox potential, is attracting attention for its 
utility in various industries such as biorefinery and cosmetics. However, despite many potential applications, its 
application in actual industry is still challenging due to the complexity of the enzyme production process. The 
complexity of this production process is because lignin peroxidase is expressed insoluble form in E. coli and it 
requires protein unfolding and refolding. This insoluble expression of lignin peroxidase is assumed to protein 
denaturation originated by the extremely low melting point (Tm) of the apo-protein, the absence of cofactors 
during expression, and the unsuitable environment in E. coli for the formation of disulfide bonds. Therefore, in 
this study, we tried to express the soluble form of recombinant lignin peroxidase in E. coli through cofactor 
injection and chaperone co-expression during low-temperature expression. In addition, protein activation through 
disulfide bond formation after purification is proposed. 
  
Keywords : lignin peroxidase, soluble expression, protein folding 
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 S649   Metabolic Engineering of Yeast for the Utilization of Pectin-rich Biomass 
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Pectin-rich biomass is expected to be an alternative biomass for the production of biofuels because it contains less 
lignin than lignocellulosic biomass. However, monomers derived from pectin-rich biomass, namely xylose, L-
arabinose, L-rhamnose, and galacturonic acid are not fermented by native Saccharomyces cerevisiae, which is an 
industrial host for biofuel production. In this presentation, we will introduce a strategy for metabolic engineering 
of yeast S. cerevisiae that can utilize monomers derived from pectin-rich biomass. Moreover, we will discuss 
industrial application plans such as production of the bioplastic monomers and biofuels from citrus peel waste by 
the developed strains. 
 
Keywords : citrus peel waste, Cas9-based genome editing, mucic acid 
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 S649   Improvement of L-carnitine and Sesaminol in Sesame Oil Cake by Fermentation Using Monascus 
purpureus K/M 1 
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Sesaminol (3,4-methylenedioxy phenol) is a sesame lignan found in sesame (Sesamum indicum L.) seeds. It has a 
strong antioxidant effect, anticancer effect, and neuroprotection effect. However, most sesaminol exists as 
glycosides, and sesaminol remains in the form of glycoside in the defatted residue called sesame oil cake after 
sesame oil extraction. Sesame oil cake was considered an industrial waste. Therefore, this study aimed to enhance 
sesaminol in sesame oil cake by fermentation using Monascus purpureus K/M1. The total phenolic content as 
well as the lignan content in sesame oil cake after fermentation was determined by HPLC. The sesaminol was 
detected in sesame oil cake after fermentation. In addition, during fermentation the L-carnitine, a quaternary 
amine that plays a crucial role in mitochondrial β-oxidation of fatty acids by transporting long-chain fatty acids 
across the mitochondrial membrane was synthesized in sesame oil cake and the amount was increased with 
increasing fermentation up 15 day. The antioxidant activity and neuroprotection effect of fermented sesame oil 
cake were evaluated using hippocampal cell line (HT22). 
 
Keywords : neuroprotection, sesaminol, fermentation, Monascus purpureus, sesame oil cake 
 
References 
1. Pathak, N.Bioactive molecules in Food. 181-200(2019). 
2. Nair, A.PloS one. 8(4), e60538(2013). 
 
 
  

Advanced Biotechnology for Human Society2022 한국생물공학회 춘계학술발표대회 및 국제심포지엄
2022 KSBB Spring Meeting and International Symposium

156



 
 
 
 
 
 
 
 

 
 

 
 
 
 
  

[S6-5] 

부문위원회 및 학생세션 V 

Advanced Biotechnology for Human Society2022 한국생물공학회 춘계학술발표대회 및 국제심포지엄
2022 KSBB Spring Meeting and International Symposium

157



 S651   Antimicrobial Susceptibility Testing in Droplet and Single Cell Droplet Sorting for Cell 
Heterogeneity  
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Here, we present a microfluidic device for antimicrobial susceptibility testing(AST) against bacteria in a single-
cell level. 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. Furthermore, 
our platform allowed single-cell level analysis elucidating the phenotypic heterogeneity in antibiotic sensitivity. 
Taken altogether, 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, cell heterogeneity, 
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 S652   Ameliorating Fibrotic Phenotypes of Keloid Dermal Fibroblasts Through an Epidermal Growth 
Factor-Mediated Extracellular Matrix Remodeling 
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Keloid and hypertrophic scars are skin disorders that exhibit an uncontrollable proliferation of fibroblasts, which 
contributes to the excessive accumulation of dermal extracellular matrix (ECM). Here, we investigated the pivotal 
roles of epidermal growth factor (EGF) in modulating fibrotic phenotypes of keloid and hypertrophic dermal 
fibroblasts. Our findings revealed that keloid dermal fibroblasts showed the highest degree of skin fibrosis 
markers, ECM remodeling, anabolic collagen-crosslinking enzymes, such as lysyl oxidase (LOX) and LOX-like 
family enzymes, migration ability, and traction force at cell-matrix interfaces. Furthermore, we observed 
significant EGF-mediated downregulation of anabolic collagen-crosslinking enzymes, resulting in amelioration 
of fibrotic phenotypes and a decrease in cell motility, according to the cell-matrix traction force. These findings 
reveal the important roles of EGF-mediated cell-matrix interactions at the cell-matrix interface and ECM 
remodeling, suggesting that their contribution to the reduction of fibrotic phenotypes in keloid dermal fibroblasts 
could lead to the development of therapeutic modalities to reduce scar tissue formation. 
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 S653   Levan Based Biodegradable Hydrogels for Drug Delivery 
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Levan based cross-linker was successfully synthesized and used to prepare a series of more biocompatible and 
temperature responsive levan/N-isopropyl acrylamide (levan/pNIPA) hydrogels by redox polymerization at room 
temperature. Volume phase transition temperature (VPTT) of the hydrogels were precisely determined by 
derivative differential scanning calorimetry (DDSC). Incorporation of levan into the pNIPA hydrogel increased 
the VPTT from 32.8◦C to 35.09◦C, approaching to body temperature. Swelling behavior and 5-aminosalicylic 
acid (5-ASA) release of the hydrogels were found to vary significantly with temperature and composition. 
Moreover, a remarkable increase in thermal stability of levan within hydrogel with increase of pNIPA content 
was recorded. The biocompatibility of the hydrogels were tested against mouse fibroblast L929 cell line in 
phosphate buffer saline (PBS, pH 7.4). The hydrogels showed increasing biocompatibility with increasing levan 
ratio, indicating levan enhanced the hydrogel surface during swelling. 
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 S654   Bacterial Whole Cell Proteomics Elucidates Staphylococcus aureus KCTC 3881 Adaptive 
Metabolic Network 
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Staphylococcus aureus is a gram-positive bacterium highly versatile in terms of growth and tolerance to various 
stresses. It is both a food borne and clinical pathogen and among the only three-gram positive bacteria in the WHO 
priority list of pathogens needing urgent intervention. S. aureus can adapt to variety of environments and harsh 
conditions of growth which might be caused by the possession of a highly developed metabolic network that is 
intricately controlled to suite stress conditions. Despite the biological importance and scientific interests of the 
bacterium, no in-depth characterization of S. aureus’ adaptive metabolic network under various stresses exists. 
We cultivated the bacteria at different osmotic stress levels and monitored the growth and the adaptive breakdown 
of fermentation end products after glucose depletion, applying LC-MS/MS based label free quantitative 
proteomics to elucidate the impact of osmotic stress on the abundance of various proteins depending on the level 
of stress and growth stages. 
It was shown that S. aureus could grow in osmotic stress levels as high as 125g/L of NaCl, retain the adaptive 
ability to catabolize extracellularly secreted lactic acid upon glucose depletion for cells cultured in media 
containing up to 125g/L NaCl and continually grow on acetic acid in cultures with up to 90g/L NaCl. This extreme 
metabolic adaptability was shown to enable the bacteria to continuously accumulate cellular biomass and survive 
past 72 hours post the initial culture time. A total of 1600 proteins at a 1% FDR were identified, 1251 of which 
were successfully quantified. From the differentially abundant proteins, the major metabolic pathways 
significantly perturbed were found to be the central carbon catabolic pathways, urea cycle, arginine metabolic 
pathway and glutamate family amino acids catabolic processes. The study illuminates the extremely versatile 
growth of the bacteria and offers the first comprehensive characterization of S. aureus adaptive metabolic network 
under osmotic stress, identifying both the pathways and proteins affected as well as the respective magnitude of 
change. These findings are expected to be of significance to both future intervention strategies against the bacteria 
as well as subsequent research. 
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 S655   Metabolic Modeling Approach to Elucidate Virulence Mechanism of Opportunistic 
Pathogen Candida albicans 
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Candida albicans is a human opportunistic fungal pathogen that exists as a commensal, but can also undergo 
yeast-to-hyphae transition contributing to its pathogenicity [1]. Despite recent findings that suggests colonization 
of C. albicans may lead to dysbiosis in the gut and cause various inflammatory pathologies including Crohn's 
disease [2], mechanism of C. albicans morphogenesis still remains unclear. In this study, we built a genome scale 
metabolic model (GEM) for C. albicans, iCal986, which was manual curated and validated with culture, gene 
essentiality, carbon and nitrogen source data. Next, we built condition specific GEMs for both yeast and hyphal 
states by integrating relevant transcriptomic data [3] to iCal986. Further, anti-virulent targets were identified by 
reaction essentiality analysis. The study provides potential strategies to inhibit yeast-to-hyphae transition and 
mechanistic insights into improved understanding of virulence. 
** This work was supported by the Korea Institute of Planning and Evaluation for Technology in Food, 
Agriculture, Forestry and Fisheries (IPET) through High Value-added Food Technology Development Program 
funded by the MAFRA (32136-05-1-HD050). 
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 S656   Development of Engineered Fluorescent Antibodies for Effective Diagnosis and Immunotherapy 
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Antibody engineering has made a considerable impact on biological and biotechnological research as well as on 
its clinical and environmental applications. We developed unique and powerful fluoroimmunosensor named 
Quenchbody that works on the novel principle of antigen-dependent removal of quenching effect on fluorophores. 
The outstanding advantage of Quenchbody assay is its simplicity, which can be carried out by just mixing the 
Quenchbody with antigen and measuring its fluorescence, while almost all the traditional immunoassays require 
several washing steps. Using this convenient method, we have successfully quantified various target antigens and 
cellular imaging of osteocalcin produced by differentiated osteoblast cells or claudin proteins on tumor cells was 
successfully accomplished. Due to its simplicity and versatility, Quenchbody-based assay is expected to have a 
range of applications, from in vitro diagnostics to imaging of various targets in situ, and expand our knowledge 
on various biological phenomena. 
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 S657   Setting up of Whole Cell Based Phage Display Methodology & Basic Research for Ecological 
Application Research 

 
Taehwan KIM, Jiho MIN 
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There are many reports of peptide screening that selectively binds to solid coated target molecules such as various 
proteins, but peptide screening studies on whole cells in their natural state are somewhat lacking. We intend to 
show the applicability of antibodies in vivo by using whole cell based phage display to screen peptides for 
membrane surface antigens naturally presented in the natural environment. The phage selectively binding to 
the Daphnia magna (D. magna) egg was screened, and the peptide sequence expected to be specific was obtained. 
Boiled D. magna eggs were used as a control group and compared the characteristics with the sequence obtained 
in the natural environment. An experiment on whether D. magna eggs hatched using phages with the control group 
sequence and phages with the experimental group sequence was conducted. And, it was confirmed that two species 
of phage with experimental group sequences interfered with hatching of D. magna egg. Experiments using 
synthetic peptide sequences are in progress, and this is expected to be applied to the inhibition of nematodes (or 
pest) egg hatching.  
** 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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 S658   Enhancement of the Efficiency of Fc-Fc Receptor Binding in Human IgG through Insilico Protein 
Engineering Approaches 
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Engineering of Fc fragment of IgG for improved affinity to its receptor, FcγRIIIa, can enhance the therapeutic 
activity of monoclonal antibodies. S239D/I332E mutation of Fc has been extensively employed in various Fc 
engineering studies. Still, it is not clear how the mutations have structurally influenced the molecular interactions 
between Fc and FcγRIIIa. To analyze the structural effect of the mutations at a molecular level, computational 
protein-protein docking methods can be applied. But its efficiency and reliability are still unstable and need to be 
validated and optimized for respective target protein complexes. In this study, we investigated and assessed the 
computational modeling efficiency of Fc-FcγR complex through HADDOCK by defining five different sets of 
active residues, a major parameter to determine the prediction efficiency of HADDOCK. The binding residues 
identified experimentally or the residues in the binding pocket were confirmed to be efficient active residues. 
Then, the point or combined mutations of S239D/I332E were introduced into one chain (A) or the other chain 
(chain B) of the homodimeric Fc domain computationally. Their structural effects on the binding to FcγRIIIa were 
investigated by protein-protein docking using the optimized set of active residues. These results showed that the 
chain-specific point mutation, S239D induced a new salt-bridge with the receptor in A and B chains of Fc, whereas 
I332E mutation generated a new salt-bridge with the receptor only in A chain. The optimized HADDOCK 
condition and the structural effects of the mutations are expected to be applied to the computational charac-
terization of various Fc-Fc receptor complexes and mutants. 
 
Keywords : protein-protein docking, HADDOCK, Fc fragment, Fc receptor, binding residues, molecular 
interaction, in silico mutation, salt bridges 
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 S661   Development of Plant-Derived Extracellular Vesicles as a Novel Biological Drugs 
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Extracellular vesicles (EVs), which are 50-1,000 nm in size, are produced by cells, including prokaryotes, 
eukaryote, and plants. 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. 
Recently, EVs have been isolated and identified from plants. But the biological effects of EVs on recipient cells 
have not been studied in detail. 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. 
 
Keywords : extracellular vesicles, cabbage, red cabbage, isolation, anti-apoptosis, anti-inflammation, drug 
delivery 
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 S662   A Simple and Efficient PCR-based Genome Walking Technique to Identify Integration Sites of 
Recombinant Protein gene in CHO Cells 
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Chinese hamster ovary (CHO) cell lines have usually been developed by random integration, resulting in 
heterogeneous clones with various characteristics due to the transgene insertion sites in genome. So, it is worth 
analyzing them for better characterization of cell lines [1, 2]. While next-generation sequencing is widely used 
for confirming them, it is a time-consuming (4-7 weeks) and costly ($1,000-2,000) tool due to complicated 
analysis of sequencing reads. Hence, we applied splinkerette-PCR (spPCR), an adaptor ligation-based technique, 
to identify the transgene integration sites in CHO genome with less resources by the specific amplification of the 
plasmid-genomic junction. To select restriction enzymes with the highest cutting frequencies, we used a 
bioinformatic tool. Then, we digested genomic DNA using restriction enzymes, ligated them with splinkerette 
adaptors which can prevent adaptor-adaptor amplifications, performed spPCR, and analyze the integration sites 
of a recombinant protein gene in CHO genome [3]. In conclusion, it will be able to provide the genomic 
information with more affordable options in the process of cell line development with this PCR-based approach. 
 
Keywords : Chinese hamster ovary (CHO) cells, integration site analysis, ligation-mediated PCR, splinkerette-
PCR (spPCR), splinkerette adaptor 
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 S663   Improvement of Recombinant Proteins Productivity by Inducing Mitochondrial Biogenesis in 
CHO Cells Culture 

 
Hye Im KANG, Jong Youn BAIK 
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Corresponding Author Email : jybaik@inha.ac.kr 
 
As mitochondria play a key role in cellular energy production and recombinant protein synthesis is highly energy 
demanding phase on the host cells [1], we hypothesized that inducing mitochondrial biogenesis could contribute 
to increasing recombinant protein productivity in CHO cells. In this study, focusing on culture process, we used 
two chemical additives (resveratrol and nicotinamide adenine dinucleotide (NAD)) to the CHO cell media that 
can activate mitochondrial biogenesis [2], [3]. When we cultured CHO cells with the supplement of 50 μM 
resveratrol and 8 mM NAD, specific productivity (qp) was increased by 10-30% and 40-50%, respectively, 
compared to the control. Treatments of CHO cells with resveratrol showed decreased viable cell densities but 
increased specific lactate uptake rates. And NAD increased viable cell densities, culture longevity and specific 
lactate uptake rates. Moreover, we will discuss ATP levels and mRNA expression of mitochondrial biogenesis 
related genes and mitochondrial DNA (mtDNA) copy number. Consequently, our data support that mitochondrial 
biogenesis could be an effective strategy for improvement of recombinant proteins productivity in CHO cells 
culture. 
 
Keywords : Chinese hamster ovary (CHO) cells, recombinant protein, mitochondrial biogenesis, resveratrol, 
nicotinamide adenine dinucleotide (NAD) 
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 S664   Utilization of Dipeptides to Enhance Culture Performance of Antibody-producing CHO Cells 
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Chinese hamster ovary (CHO) cells, a standard industrial host for the past decades, are provided with the necessary 
nutrients mostly through chemically defined media (CDM) due to advantages in the downstream purification [1]. 
While supplying sufficient level of specific amino acids is essential for cell survival and production, typical CDM 
provide amino acids only in free form. Most amino acids are highly soluble, but certain amino acids such as 
tyrosine and cystine, the oxidized dimer form of cysteine, have poor solubility. Besides, there are amino acids 
having problems with their stability like glutamine, which can negatively affect the cell culture performance when 
degraded. Since these amino acids have been reported to play a fundamental role in CHO cell biomass production 
[2], it is therefore important to overcome the solubility and stability limitations of those amino acids in the media. 
In an effort to enhance the overall cell culture performance, we tested the effects of three different dipeptides, 
Glycyl-L-tyrosine (GY), Glycyl-L-glutamine (GQ), and L-Alanyl-L-cystine (AC), on mAb-expressing CHO cells 
adapted in our in-house CDM. The viable cell density (VCD) of dipeptide-treated cultures in the death phase 
increased up to 40%. The GQ-treated culture, where mAb titer also increased, maintained the viability over 90% 
until the end of the culture, while showing significantly enhanced lactate consumption rates. Taken together, our 
experiments show that the supplementation of amino acids, having limited solubility or lower stability in the 
media, as dipeptides can have positive impacts on the sustained culture of mAb-producing CHO cells with reduced 
byproduct accumulation, which can also lead to the improved mAb titer. 
  
Keywords : Chinese hamster ovary (CHO) cells, monoclonal antibody (mAb), chemically defined media (CDM), 
dipeptides, tyrosine, glutamine, cysteine 
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 S665   NAD+ Supplementation Improves the Productivity of Therapeutic Antibodies by Reducing 
Inefficient Glycolysis in CHO Cells 

 
Ji Hwan LEE, Hye-Im KANG, Jong Youn BAIK 
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Inefficient glucose metabolism due to high aerobic glycolysis remains a major challenge for high productivity of 
therapeutic antibodies in Chinese hamster ovary (CHO) cell lines [1]. We hypothesized that increasing of 
intracellular Nicotinamide adenine dinucleotide (NAD+), which is involved in the regulation of glucose 
metabolism and enhancement of mitochondrial function in mammalian cells [2], would reduce aerobic glycolysis 
in CHO cell culture. To increase intracellular NAD+, we added NAD+ into commercial media directly. Cell 
growth, Glucose and lactate metabolism, and antibody titer were estimated through batch culture of recombinant 
CHO cell lines. As a result, NAD+ supplementation effectively increased intracellular NAD+ concentration. Cell 
growth, determined by integral viable cell density (IVCD) increased up to 32% compared to nontreated at harvest. 
Surprisingly, specific glucose consumption rate and specific lactate production rate decreased by up to 56% and 
67%, in the NAD+ treated groups, respectively, compared to nontreated at lactate production phase. antibody titer 
and specific productivity (qP) at this phase also increased by up to 82% and 88%, respectively, compared to 
nontreated. Our results suggest that increasing intracellular NAD+ by extracellular supplementation is a powerful 
way to improve antibody productivity through significantly reducing aerobic glycolysis in CHO cell culture 
without disrupting cell growth. 
 
Keywords : Chinese hamster ovary (CHO) cells, nicotinamide adenine dinucleotide (NAD+), glucose 
metabolism, specific antibody productivity (qP) 
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 S666   3-Fucosyllactose as a Functional HMO Enhancing Cellular Innate Immunity and Viral Resistance 
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Recently, pandemic viral infections have threatened mankind worldwide and the possibilities of rising mutants 
freeze society. Vaccination and antiviral agents are major methods to inhibit viral infections however, difficulties 
in developing new vaccines and in targeting to broad-spectrum virus strains or species limit their applicability. 
Human milk oligosaccharides (HMOs) are the major components in human breast milk and reported to induce 
beneficial effects to infants. Also, fucosylated HMOs have been reported not only to interfere pathogen-host 
interactions and also to modulate host’s immunity. The 2`-FL, one of the major fucosylated HMOs, was studied 
in enhancements of immunity by HMOs but, effects of 3-FL have barely tested. We figure out that 3-FL treatments 
inhibited viral infection in mouse model animal experiments and animal cells. Administration of 3-FL to mice 
lowered fatality of H1N1 influenza virus down to less than half scale. The antiviral effects induced by 3-FL-
treated cultures were shown in various cell types and viruses. Through RNA-seq analysis, 3-FL treated culture 
was shown to up-regulate gene expression related innate immunity response. Also, nitric oxide, an antiviral 
molecule inhibits viral replications, increased to 5.5 times higher level in A549 cells cultured with 3-FL compared 
to PBS after 72 hours post infection. We suggest 3-FL as a superior nutrient for from infants to adults to get broad-
spectrum viral resistance toward multiple species of viruses such as influenza or SARS-CoV-2. 
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 S667   Data-driven and Model-guided Systematic Framework for Media Development in CHO Cell 
Culture 
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We propose a systematic media development framework for industrial biopharmaceutical production in Chinese 
hamster ovary cell. The framework comprises sequential modules including cell culture and metabolite data 
collection, multivariate data analysis, in-silico analysis of a genome-scale model, and knowledge-based 
identification of target media components. Two producer CHO-K1 cell lines in two different culture media were 
used to demonstrate the applicability of the framework. The culture and metabolite profiles were statistically and 
mechanistically analyzed to explore the effects of cell line and media specific on intracellular metabolism. The 
systematic analysis identified a metabolic bottleneck via a redox imbalance in the TCA cycle in the poorest growth 
condition due to inefficient coenzyme q10 recycling. The experimental validation was conducted by adding q10 
in the medium to debottleneck the imbalance of cellular energy state and TCA cycle activity, resulting in increased 
cell growth. The framework successfully identifies target nutrients for customized media design and 
reformulation.                                     
 
Keywords : biopharmaceutical engineering, CHO cell culture, media development, multivariate data analysis, 
genome-scale metabolic model, coenzyme q10 
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 S668   Physicochemical and Biological Properties of Synthesized Fisetin Glucoside Using Dextransucrase 
from Leuconostoc mesenteroides B-1299CB4 
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Fisetin (7,3',4'-flavon-3-ol) is a flavonoid found in plants, vegetables, and fruits, exhibiting diverse biological 
activities. However, the industrial application of fisetin is limited because of its low water solubility and low 
bioavailability. To overcome its limit, in this study, fisetin glucoside (FIS-G1) was synthesized by using 
dextransucrase from Leuconostoc mesenteroides B-1299CB4, sucrose as a substrate, and fisetin as an acceptor. 
The optimal enzyme reaction condition of FIS-G1 was obtained by using the response surface methodology. The 
purified FIS-G1 from HPLC was used to analyze the chemical structure throughout MALDI-TOF MS and NMR 
(1H, 13C, COSY, HSQC, and HMBC). Compared with fisetin, FIS-G1 showed enhanced water solubility and anti-
inflammatory activity by the inhibition of NO production from LPS-stimulated RAW 264.7 macrophages cells. 
In addition, the antioxidant capacity was determined by ABTS, FRAP, and ORAC assays. From these results, 
FIS-G1 can be used as functional material in the pharmaceutical and cosmeceutical industry. 
 
Keywords : fisetin, transglucosylation, dextransucrase, water solubility, antioxidant, anti-inflammation 
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 S669   Development of Novel Cancer Growth-inhibiting siRNA for Type-specific Breast Cancer 
Targeted Therapy 
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Breast cancer is the most common cancer case in women. In addition, since it accounts for 15% of female cancer 
deaths, suitable treatment is required. Breast cancer treatment typically includes surgery, chemotherapy, radiation, 
and targeted therapy. However, surgery, chemotherapy, and radiation have various side effects and risks. 
Therefore, we used siRNAs with fewer side effects and capable of targeted treatment. In this study, various breast 
cancer-associated siRNAs were used as candidates for targeted treatment of breast cancer. In the cell viability 
assay, siRNA-1 to 7 was used, and only siRNA-7 showed a decrease in cell viability in MDA-MB-231. siRNA-7 
at high concentrations reduced the cell viability of BT-474, MDA-MB-231. However, it did not reduce the cell 
viability of the normal cell line HDF-n. In RT-qPCR assay, siRNA-7 targeted the cancer-associated genes and 
reduced mRNA expression. In mouse xenograft experiment, siRNA-7 effectively reduced tumor growth compared 
to the control group.  
** These results support that siRNA-7 can effectively inhibit the growth of MDA-MB-231 breast cancer and can 
be applied as the targeted therapy for breast cancer without side effects. 
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 S671   Thiol-rich fp-6 Controls the Tautomer Equilibrium of Oxidized Dopa in Interfacial Mussel Foot 
Proteins 
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3, 4-Dihydroxyphenylalanine (Dopa) is a versatile molecule that enables marine mussels to achieve successful 
underwater adhesion [1, 2]. However, due to its complicated redox chemistry and vulnerability to oxidation, 
controlling surface adhesion and cohesion has been a challenging issue to overcome. Foot protein type 6 (fp-6), a 
thiol-rich interfacial mussel adhesive protein, has been reported as a proteinaceous antioxidant for mussels that 
helps Dopa maintain surface adhesion ability [3, 4]. In this study, we focused on the role of fp-6 in oxidized Dopa. 
The effect on the tautomer equilibrium of oxidized Dopa was investigated using recombinant fp-6 (rfp-6) and 
Dopa-incorporated foot protein type 3 fast variant (drfp-3F), which were produced in bacterial cells. The redox 
chemistry of Dopa in drfp-3F and the role of rfp-6 were observed using a UV-vis spectrophotometer and a surface 
forces apparatus (SFA). We discovered that rfp-6 shifts the tautomer equilibrium to △Dopa as a preferred 

tautomer for oxidized Dopa in drfp-3F and makes drfp-3F better on underwater surface adhesion. 
  
Keywords : surface adhesion, underwater adhesion, 3,4-dihydroxyphenylalanine (Dopa), tautomerization, α,β-
dehydro-Dopa, foot protein type 6 
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The mussel periostracum, a thin layer covering the hard shell, is an intriguing biological material due to its 
excellent resistant ability against mechanical impacts to the mechanical dissimilar sites from the harsh intertidal 
environment. In general, the inner periostracum clearly appears the gradient in pigmentation from soft tissue to 
hard shell’s edge. This gradient probably links to mechanical properties for mitigating mechanical stresses at 
attachment interfaces. However, its biomolecular mechanism to understand how it is mechanically adapted has 
been incompletely explored. Here, we investigate mechanical-biomolecular relationships of the periostracum at 
both sides respectively. At the side of mantle tissue, the lightly tanned region (LT) has low modulus and good 
extensibility (~100%) via hydrogen bonds of water molecules under tension stress and contains mostly proteins. 
Also, it exhibits hysteresis behavior (~65%) to absorb tensile energy by sliding β-sheets of the constituent protein, 
named periostracin, in water. On the other hand, the heavily tanned region (HT) at the shell side is stiff and exhibits 
stress-relaxation property under compression and consists of proteins (~85 wt%), a few minerals, and pigments. 
The principles of stress-relaxation are following below; i) squeezing out of waters in porous interwoven structure. 
ii) chain movement of intrinsically disordered regions in proteins. This study provides novel insights into 
designing functional soft and visco-elastomeric materials underwater in implantable medical devices. 
 
Keywords : periostracum, biological material, viscoelasticity, mechanical gradient, proteinaceous material, beta-
sheet 
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Reconstruction 
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The articular cartilage is the smooth and rigid tissue that covers the end of bones to allow normal glide of joint. 
However, damaged cartilage can trigger pathogenesis of osteoarthritis (OA) by occurrence of friction between 
adjacent bones. Because cartilage has limited intrinsic healing capacity, application of stem cells for grant of 
regenerative function is required. To secure the regenerative effect of transplanted stem cells, high retention, 
viability, and proliferation are required. The scaffolds made of many types of materials were developed for the 
purpose of constructing the ideal scaffold in cartilage environment. In the present work, bioengineered mussel 
adhesive protein (MAP) was applied to secure high viability and maintenance of implanted stem cells on cartilage 
defect site. The MAP was processed into complex coacervate by using high viscos hyaluronic acid for functional 
underwater adhesion. In this regard, we developed biocompatible adhesive which enables implanted 
chondrogenic-enhanced stem cells being strongly fixed to the lesion site of defected cartilage, and thus the 
implanted cells could survive lengthily in defect site, allowing cells to differentiate directly to chondrocytes. 
 
Keywords : mussel adhesive protein, osteoarthritis, complex coacervate 
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Stem Cells 
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Human omentum-derived mesenchymal stem cells (O-MSCs) possess a great potential to differentiate into 
multiple lineages and self-renewal capacity, allowing them to be utilized as patient-specific cell-based 
therapeutics. Although various stem cells-derived pancreatic beta cells or insulin-producing progenitor cells have 
been proposed as a novel approach for treating diabetes mellitus, an efficient method for establishing functional 
insulin-producing cells is still a daunting task. Here, we aim to develop a novel cell culture platform that could 
regulate important cell-cell/cell-matrix interactions by introducing a growth factor immobilized matrix that can 
support the adhesion, proliferation, and differentiation of O-MSCs into insulin-producing cells. Our findings 
demonstrated that cells cultured on a growth factor-immobilized matrix were able to become insulin-producing 
beta cell-like progenitors, as shown by the upregulation of pancreatic beta cell-specific markers, such as PDX-1, 
Insulin, and Glut-2. Furthermore, heparan sulfate proteoglycan, gap junction proteins connexin Cx36 and Cx43, 
cell adhesion molecule E-cad and Ncam1 were upregulated, which promote maturation and insulin secretion in 
the pancreatic niche environment. Such a cell culture platform can offer novel strategies to achieve functional 
pancreatic beta cells from a patient-specific cell source to treat diabetes mellitus. 
  
Keywords : pancreatic beta cells, cell adhesion, insulin-secreting cells, cell to cell interaction, fibroblast growth 
factor 2, cell differentiation 
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 S675   Deciphering the Role of Cell-Matrix Interaction in Regulating Chondrocyte Phenotypes Using a 
Cell Traction and Intracellular Force Microscopy 
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The native extracellular matrix (ECM) of articular cartilage plays an important role in maintaining chondrocyte 
phenotypes and homeostasis of cartilage tissue. However, due to the intrinsic nature of cartilage, its regeneration 
potential is limited, and chondrocytes undergo dedifferentiation during in vitro expansion. Here, we investigated 
the dynamic role of cell-matrix interaction of chondrocytes in regulating their cellular phenotypes by employing 
various matrix stiffnesses and modulating focal adhesion (FA) to support in vitro expansion of chondrocytes, 
while maintaining their ability to produce cartilage-specific matrix, including type II collagen and proteoglycans. 
Our findings demonstrated that cells cultured on soft matrix exhibited a restriction of cell adhesion and spreading, 
inhibiting FA complex formation, actin cytoskeleton re-organization, and fibrocartilage-specific ECM production. 
Furthermore, our novel approaches to elucidate the role of cell-matrix interaction in dedifferentiation of 
chondrocytes harnessed cell traction and intracellular microscopy (TFM-IFM), observing that dedifferentiated 
chondrocytes underwent cell spreading, exhibited actin cytoskeleton assembly, and exerted significantly increased 
cell traction force and intracellular tension. Taken together, our study provides a potential explanation for the role 
of cell-matrix interaction in regulating chondrocyte phenotypes during dedifferentiation. 
 
Keywords : articular chondrocyte, dedifferentiation, dell traction force, intracellular tension, cellular morphology, 
cell adhesion 
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 S676   Manufacture and Characterization of Levan-based Coaxial Nanofiber 
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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. 
 
Keywords : core-shell fiber, coaxial electrospinning, levan, polysaccharide 
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 S677   One-pot Production of Indigo Derivative-incorporated Polyhydroxybutyrates(IDPs) with 
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In this study, Indigo derivatives incorporating Poly(3-hydroxybutyrate)(IDPs) were produced in one-pot by 
engineered Escherichia coli. Indigo derivatives were produced by expressing and CYP102G4PHB expressed 
genes bktb, phaB, and phaC. Several indigo derivatives were produced by feeding indole derivatives as a 
substrate, and different colors can be obtained depending on the indole derivatives. In this study, 5-Cl, 6-Cl, 7-Cl, 
5-Br, 5-OH, 5-OCH3, 4-NO2, and 5-NO2 indole were added as indole derivatives. Biological and physical 
properties, such as the antioxidant activity, biodegradability, glass transition temperature (Tg), melting 
temperature (Tm), average molecular weight, hardness, and elasticity of the IDPs were analyzed. As a result of 
DSC analysis of IDP, 5-OH IDP using 5-OH indole as a substrate had the highest Tm value of 181.1℃, and 4-
NO2 IDP using 4-NO2 indole as a substrate had the lowest Tm value of 154.7℃. As a result of measuring the 
biodegradability of IDPs, 5-OH IDP was not the most biodegradable (2.6%), and 4-NO2 IDP showed the best 
biodegradability (18.9%). Hardness measurement analyzed by nanodentor, significant changes in the hardness 
were observed with 4-NO2 incorporated IDP. Finally, the application of biodegradable PHB was expanded by 
coating IDPs on cellulose. 
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 S678   Biotransformation of Soy Lecithin Liposomes into Lysolecithin-Based Liposomes Containing 
Biologically Active Fatty Acids and Derivatives 
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Liposomes are widely used for delivery of hydrophobic compounds and materials, which are difficult to be 
dispersed in aqueous systems [1]. Herein, we investigated the biotransformation of soy lecithin-derived liposomes 
into lysolecithin-based liposomes including biologically active fatty acids and their derivatives. Phospholipase A2 
from Streptomyces violaceoruber (Sv-PLA2) [2] was used to convert the soy lecithin liposome into the 
lysolecithin liposome loading free fatty acids (e.g., linoleic acid and oleic acid). Furthermore, the fatty acids in 
the lysolecithin liposome were transformed into hydrocarbons, hydroxy fatty acids, and secondary fatty alcohols 
with various enzymes such as a photoactivated decarboxylase from Chlorella variabilis NC64A (Cv-FAP) [3] 
and a fatty acid double bond hydratase from Stenotrophomonas maltophilia (Sm-OhyA2) [4]. The engineered 
liposomes carrying the unsaturated fatty acids or their derivatives were approximately in the range of 100 to 150 
nm in diameter, according to the dynamic light scattering and microscopic analysis. This study will contribute to 
preparation of multi-functional liposomes containing a variety of fatty acids and their derivatives for food and 
cosmetics industry. 
 
Keywords : liposome, lecithin, fatty acids and their derivatives, phospholipase A2, fatty acid double bond 
hydratase, photoactivated decarboxylase 
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 S679   Energy-efficient Cell Disruption and Astaxanthin Recovery from Haematococcus lacustris by 
Collision-mediated Inertial Microfluidic Channel 
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Biomass drying and cell disruption still remain critical obstacles for the economic feasibility of microalgal 
biorefinery. In particular, Haematococcus lacustris, despite a high astaxanthin content (~5% of dry weight), has 
a very thick cell wall. Therefore, it requires high-energy mechanical processing or high-temperature chemical 
treatment [1]. In this study, we investigated the technical feasibility of microfluidic channels to perturb 
mature H.lacustris cysts at room temperature by maximizing inertial effects and hydrodynamic forces. Due to 
channel alignments and focusing, H.lacustris cells were effectively collided with a sharp edge at the T-junction 
of the microchannel, resulting in significant cell wall disruption. Astaxanthin recovery increased almost 
proportionally to the Reynolds number (Re = 130 to 370). When algal cells were subjected to multiple collision 
treatments (~10 times), cell deformability, an indicator of morphological change due to mechanical compression 
[2], was significantly increased up to 1.5-fold compared to untreated controls. This method can 
process H.lacustris cells at a high rate of 720,000 cells/min. The astaxanthin recovery from treated cells was 
significantly higher (by 25%) compared to the control group. This study proposes a novel and simple energy-
saving particle-collision-based microfluidic strategy for extracting bioactive algal products from various algal 
biorefineries. 
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 PSP01   Potential Toxicity of Polystyrene Nano- and Microplastics to Human Skin Barrier Function 
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Owing to the severe environmental accumulation of nano- and microplastics, many efforts have been made to 
investigate the potential toxicity of the particles using cells and model animals [1]. Although many studies have 
shown physical and chemical toxicities of plastic particles in a cellular level, most researchers have made use of 
a 2D cell culture model, which may differ from a real in-vivo system [2]. In this study, we investigate the cellular 
toxicity of polystyrene (PS) plastic particles with 3D cultured human dermal fibroblast (HDF) spheroids. 
Specifically, we investigate that PS particles cause potential toxicity and disrupt the membrane integrity of HDF 
spheroids, providing evidence for threats to human health. Consequently, the size- and concentration-dependent 
toxicities of PS particles was observed differently in 2D and 3D cell cultures. We expect that this approach 
provides a new perspective on the toxicity of nano- and microparticles under the conditions closer to in-vivo 
system. 
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 PSP02   Development of Gold Nanocluster-loaded Enzyme-based Nanoparticles and Their Application 
in Optical and Electrochemical Biosensors 
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In recent years, gold nanoclusters (AuNCs) with a size range of a few nanometers have exhibited promising 
potential in a wide range of applications such as nanoelectronic, catalytic, and optoelectronics due to their ultra-
small size and spatial confinement of free electron. Especially, enzyme-stabilized gold nanoclusters (enzyme-
AuNCs) have attracted increasing attention in optical and electrochemical biosensors because of their excellent 
optical/electrochemical properties with highly specific reaction come from enzyme. 
In our study, we developed AuNCs-loaded enzyme nanoparticles to enhance the enzymatic reaction and 
optical/electrochemical properties of enzyme-AuNCs. Using the fluorescence property of enzyme-AuNCs, we 
could develop highly sensitive fluorescence H2O2 biosensor using horse radish peroxidase-AuNCs (HRP-AuNCs) 
encapsulated enzyme nanoparticles. The biosensor can detect the very low concentration of H2O2 up to 0.5 nM 
with a good selectivity. Furthermore, using the good conductivity of enzyme-AuNCs, we could develop AuNCs 
embedded dual-enzyme nanoparticles (AuNC-DENPs) based glucose electrochemical sensor, composed of 
glucose oxidase-AuNCs, and HRP-AuNCs. The fabricated glucose electrochemical sensor exhibits high 
sensitivity which can detect very low concentration of glucose range from 5 to 320 nM. Overall, we expect that 
the excellent performance of AuNCs-loaded enzyme nanoparticles possesses a promising potential in wide range 
of enzyme based biosensing fields. 
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Surface-enhanced Raman Scattering (SERS) is a representative plasmon-based method that can quickly detect 
intrinsic fingerprint spectra of molecules [1]. In this regard, it is essential to develop SERS-active structures for 
enhancing detection performance, but most of the fabrication processes require complicated and expensive steps. 
Here, we demonstrate a simple method to detect robust SERS signals by using a light-induced assembly of gold 
nanoparticles with various bioanalytes in liquid state. In this method, plasmonic nanoparticles and analytes are 
quickly assembled at the light-focused surface via convective flow induced by photothermal heating. Using 
Raman-active dye, the optimal condition to maximizing detection performances like sensitivity and reproduci-
bility was systemically examined. Under the optimized condition, SERS signals from small biomolecules were 
detected down to nanomolar concentration. Furthermore, we successfully obtained label-free fingerprint signals 
for disease biomakers such as exosomes and viruses in liquid samples. We expect that the proposed method can 
be applied not only to analyze various small molecules but also to detect biomarkers in liquid biopsy. 
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2-Keto-4-hydroxybutyrate from C1 Chemicals 
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One-carbon (C1) chemicals are potential building blocks as they are cheap, sustainable, and abiotic [1]. Among 
soluble C1 substrates, methanol is regarded as a biorenewable platform feedstock because nearly all bioresources 
can be converted into methanol through syngas. We developed an environmentally friendly method for the 
biosynthesis of 2-keto-4-hydroxybutyrate using biocatalysts. Here, we report new pyruvate aldolase [2] 
from Pseudomonas aeruginosa PAO1 (PaADL) with a much high activity, which catalyzes carbon–carbon 
bonding formation between formaldehyde and pyruvate. We determined the crystal structure of PaADL at a 
resolution of 2.5 Å to suggest the mechanism of aldol reaction. The enzyme is rationally engineered to have high 
aldol activity, and the final PaADLL241A variant exhibited the highest biosynthesis activity of 2-keto-4-
hydroxybutyrate from formaldehyde and pyruvate. In addition, the enzyme cascade reaction with the methanol 
dehydrogenase from Lysinibacillus xylanilyticus (Lxmdh) and PaADL converted methanol into 2-keto-4-
hydroxybutyrate. This study demonstrates that engineered Lxmdh and PaADL could achieve the synthesis of 2-
keto-4-hydroxybutyrate (C4) from methanol (C1). 
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 PSP05   Longitudinal Dynamics in Gut Microbiome Community of Jeju-Black Swine under the Effect 
of Rhodobacter sphaeroides 
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Longitudinal studies are considered as a pressing need that investigates the stability of the swine gut microbiota 
in Jeju-Black Swine. In this study, we examined the bacterial composition of the healthy swine fed with the feed 
additive containing Rhodobacter sphaeroides, and a normal diet was applied as a control. The R. sphaeroides was 
continuously supplemented every day for 2 weeks and were alternated by the additional dairy diet without feed 
additive every day for 2 next weeks. The fecal samples were harvested after every 2 weeks to assess variation of 
microbiome diversity. High throughput sequencing of 16S rRNA genes was proceeded to address the significant 
changes in the microbiota community before and after treatment. The obtained results revealed that Firmicutes, 
Bacteroidetes, Spirochaetes, and Proteobacteria were observed as the four most predominant phyla at initial, 2 
weeks, and 4 weeks time points of collected fecal samples. The α-diversity comparison showed there was no 
significant difference in the total number of species in each group at initial, 2 weeks, and 4 weeks. However, the 
β-diversity analysis statistically identified the strong varieties. Genus Coenonia was unique present at an initial 
time while family Sphingobacteriaceae was only identified as a biomarker at 2 weeks of R.sphaeroides-fed group. 
Interestingly, family Sphingobacteriaceae has been reported in improving egg production, egg quality, and 
eliminate fecal ammonia of laying hens as a probiotic role. R.sphaeroides-supplemented swine enhanced the lipid 
metabolism and biosynthesis of siderophore group nonribosomal peptides after 2 weeks of treatment and 
improved 21 significant metabolisms after 4 weeks. Furthermore, thirty-five crucial connectors and one module 
hub were achieved at 2 weeks after feeding with R. sphaeroides. This knowledge on Jeju-Black Swine study has 
been not discovered yet. Therefore, a longitudinal study is a necessary approach to address the gap information 
on microbiome challenges under the effects of the feed additive containing R. sphaeroides. 
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Activity 
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Rhodobacter sphaeroides is a purple non-sulfur photosynthetic bacterium that can grow in a variety of 
environments and is a bacterium that produces substances with antioxidant effects. Optimized culture conditions 
to increase antioxidant production of R. sphaeroides were investigated. This bacterium, which can grow in both 
aerobic and anaerobic conditions, was cultured in exponential and stationary phases under both conditions, and 
then its antioxidant activity was confirmed using a 2,2-diphenyl-1-picrylhydrazyl (DPPH) scavenging assay. 
Although the highest antioxidant activity was shown in the stationary phase of an aerobic conditions, that 
antioxidant activity of each cell was higher when cultured under anaerobic conditions. The antioxidant activity 
of R. sphaeroides was increased using sonication as a treatment for increasing antioxidant activity. Furthermore, 
the content of carotenoid and bacteriochlorophyll pigments, which are substances derived from antioxidant 
activity, were measured. The carotenoid content was higher in the anaerobic condition, but the bacteriochlorophyll 
content was higher in the aerobic condition. Therefore, we confirmed that R. sphaeroides had a higher cellular 
antioxidant activity under anaerobic conditions, suggesting that this effect was derived from the effect of 
carotenoids. 
** This work was supported by the Korea Institute of Planning and Evaluation for Technology in Food, 
Agriculture, and Forestry (IPET) through the Crop Viruses and Pests Response Industry Technology Development 
Program, funded by the Ministry of Agriculture, Food and Rural Affairs (MAFRA) (321108-04). 
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 PSP07   Effect of Vacuolar Enzymes as a Material for Inhibiting Hatching of Daphnia magna Embryos 
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Through several studies, it has been known that there are many hydrolases in the vacuole, an organelle 
of Saccharomyces cerevisiae. Among them, proteolytic enzymes are known to play an important role in cell 
survival by engaging in autophagy. This study includes the effect of the enzyme extract from vacuole in S. 
cerevisiae as a hatching inhibitor of Daphnia magna embryos. In this study, enzyme was extracted from the 
vacuole of S. cerevisiae and hatching inhibitory effect was confirmed by treating the enzyme extract on D. 
magna embryos. As a result of this experiment, it was confirmed that the enzyme extract of the vacuole from S. 
cerevisiae damaged the outer membrane of D. magna embryos, inhibiting hatching and destroying the embryos. 
In addition, the hatching inhibition experiment of the vacuole enzyme extract was conducted according to the 
developmental stage of the embryo, and it was found to be more affected in the early stages of embryo 
development. This is probably because the enzyme extract of the vacuole containing many hydrolytic enzymes 
affected the chorion, the outer membrane of the embryo. It is expected that the difference in the hatching inhibitory 
effect of D. magna embryos by developmental stage is due to changes in the outer membrane and the inner 
membrane according to development. In this regard, further research is needed on the difference in the hatching 
inhibitory effect by each stage of embryonic development and what kind of enzyme had an effect. 
** 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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 PSP08   Evaluation of Antioxidant Activity of Polyphenol Mixture from Castanopsis cuspidata var. Siebo
ldii 
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Castanopsis cuspidata var. sieboldii (CCS) is a warm-tempered tree that lives on the Korean Peninsula and has 
been traditionally used in medicine. Bioactive ingredients from aerial parts of CCS leaf and stem have been 
identified by several researchers along with anti-inflammatory, antioxidant and whitening effects. However, 
identification study of compounds centered on antioxidant activity in CCS leaves has not been investigated. In 
this study, the leaf (CCS-L) of CCS were extracted using 70% ethanol and used as a crude extract. CCS-L was 
divided into five fractions using hexane, chloroform, ethyl acetate, butanol, and water, and among them, 
separation and freezing of compounds were performed using medium-pressure liquid chromatography (MPLC) 
equipped with silica and C18 columns in the ethyl acetate fraction with the highest antioxidant activity. Also, the 
antioxidant activity of sub-fraction was determined with free radical scavenging (DPPH, 2,2-diphenyl-1-
picrylhydrazyl) and radical scavenging assay (ABTS, 2,2'-azino-bis (3-ethylbenzothiazoline-6-sulfonic acid). The 
HPLC profile showed that polyphenol content was observed in CCS-L, and p-coumaric acid with excellent 
antioxidant effect was isolated. The chemical structure of p-coumaric acid isolated in CCS-L was explained based 
on spectral data including NMR spectrum analysis. Based on these results, compounds isolated from extracts 
extracted from CCS-L provide promising antioxidant capabilities and suggest potential natural substances in the 
pharmaceutical and cosmetic industries. 
 
Keywords : Castanopsis cuspidata var. sieboldii, medicine plant, extracts, polyphenol, antioxidant activity 
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 PSP09   Development of DNA-Free Genome Editing Technology for No Dextran Producing Leuconostoc 
citreum Using CRISPR-Cas9 System 

 
Seul-Ah KIM1, Yong-Su JIN2, Nam Soo HAN1 
1Brain Korea 21 Center for Bio-Resource Development, Division of Animal, Horticultural, and Food Sciences, 
Chungbuk National University, Cheongju, Korea, 2Department of Food Science and Human Nutrition, University 
of Illinois at Urbana-Champaign, Urbana, Illinois, USA 
Corresponding Author Email : namsoo@cbnu.ac.kr 
 
Leuconostoc citreum has been used as starter for kimchi fermentation and host for genetic engineering but, dextran 
synthesis often causes problems in fermented foods and biotechnological applications. The aim of this study is 
development DNA-free genome editing tools using CRISPR-Cas system and construction of no dextran-
producing L. citreum. For this, preassembled Cas9 protein and sgRNA, targeting dextransucrase were transformed 
to L. citreum by electroporation. Additionally, no dextran-producing mutant and wild type strain were applied to 
dongchimi kimchi, and their fermentation characteristics were compared. As result, mutants were obtained on 
sucrose agar medium which not produced dextransucrase or dextran. In sequencing analysis, one nucleotide was 
deleted resulting frame shift. When the fermentation characteristics such as viable cell counts, pH, and metabolites 
were analyzed in dongchimi, no significant difference (P < 0·01) was observed. In contrary, dextran content in 
dongchimi inoculated with mutant were significantly decreased after fermentation. In conclusion, dextransucrase 
gene was successfully knock-out by DNA-free genome editing tools and applied to fermented food. 
  
Keywords : DNA-Free, Ribonucleoprotein, CRISPR-Cas9, Leuconostoc 
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 PSP10   Antibiofilm Activities of 3,3'-Diindolylmethane Against Multispecies Biofilms of Acne-Causing 
Bacteria and Candida albicans 
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The Gram-positive anaerobic bacterium Cutibacterium acnes is a major inhabitant of human skin and has been 
implicated in acne vulgaris formation and in the formation of multispecies biofilms with other skin-inhabiting 
organisms like Staphylococcus aureus and Candida albicans. Since indoles are widespread in nature (even in 
human skin), we hypothesized that indole and its derivatives might control biofilm formation of acne-causing 
bacteria and fungal Candida albicans. In the present study, we investigated the antibacterial and antibiofilm 
activities of 20 indoles against C. acnes. Of the indoles tested, two anticancer agents, indole-3-carbinol and 3,3'-
diindolylmethane found in cruciferous vegetables, significantly inhibited biofilm formation by C. acnes. 
Furthermore, the most active 3,3'-diindolylmethane successfully inhibited multispecies biofilm formation by C. 
acnes, S. aureus, and C. albicans. 3,3'-Diindolylmethane inhibited hyphal formation and cell aggregation by C. 
albicans. Our findings show that 3,3'-diindolylmethane provides a potential means of eradicating acne vulgaris 
and multispecies biofilm-associated infections due to its antibiofilm and antibiotic properties. 
 
Keywords : antibiofilm, Candida albicans, 3,3'-diindolylmethane, indole-3-carbinol, multispecies biofilms, 
Staphylococcus aureus 
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 PSP11   Indole Derivatives 3,3'-Diindolylmethane and Indole-3-Carbinol Inhibit Biofilm Formation by 
Acne-Causing bacteria, Cutibacterium acnes 
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The Gram-positive anaerobic bacterium Cutibacterium acnes is a major inhabitant of human skin and has been 
implicated in acne vulgaris formation. Indoles are widespread in nature (even in human skin) and function as 
important signaling molecules in diverse prokaryotes and eukaryotes. In the present study, we investigated the 
antibacterial and antibiofilm activities of 20 indoles against C. acnes. Of the indoles tested, indole-3-carbinol at 
0.1 mM significantly inhibited biofilm formation by C. acnes without affecting planktonic cell growth, and the 
anticancer drug 3,3’-diindolylmethane at 0.1 mM also significantly inhibited planktonic cell growth and biofilm 
formation by C. acnes, whereas the other indoles and indole itself were less effective. Transcriptional analyses 
showed that 3,3’-diindolylmethane inhibited the expressions of several biofilm-related genes including lipase, 
hyaluronate lyase, and virulence-related genes in C. acnes. Results show that 3,3’-diindolylmethane offers a 
potential means of controlling acne vulgaris. 
 
Keywords : antibiofilm, Cutibacterium acnes, 3,3'-diindolylmethane, indole-3-carbinol, indoles 
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 PSP12   Antibiotic Adjuvant Effect of Fatty Acids against Staphylococcus aureus 
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Staphylococcus aureus is a major pathogen of acute and chronic infections. It often exhibits antibiotic resistance 
and is responsible for worldwide outbreaks of nosocomial infections. Also, biofilm formation by S. aureus on 
medical devices and host surfaces plays a critical role in antibiotic tolerance. Fatty acids have diverse functions 
in the vast majority of cells. At high doses, they act as antimicrobials while, at low doses, they exhibit antibiofilm 
and antivirulence activities. In this study, the synergistic antibacterial and antibiofilm activities of 30 fatty acids 
and 11 antibiotics were investigated against methicillin-sensitive and methicillin-resistant Staphylococcus 
aureus strains. Of the 15 saturated and 15 unsaturated fatty acids examined, 16 enhanced the antibacterial activity 
of tobramycin. Combinatorial treatment with the most active fatty acid at 10 µg/ml and tobramycin at 10 µg/ml 
decreased cell survival by > 4 log as compared with tobramycin treatment alone. Co-treatment with the most 
active fatty acid and antibiotics markedly decreased biofilm formation. These results suggest that fatty acids can 
be used as antibiotic adjuvants against recalcitrant S. aureus infections. 
 
Keywords : antibiotics, adjuvant, biofilm, fatty acids, Staphylococcus aureus 
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 PSP13   Broad-spectrum Antibiofilm Activities of Chloroindoles against Uropathogenic Escherichia 
coli and Other Nosocomial Pathogens 

 
Bharath Reddy BOYA, Jin-hyung LEE, Jintae LEE 
School of Chemical Engineering, Yeungnam University, Gyeongsan, Korea 
Corresponding Author Email : jtlee@ynu.ac.kr 
 
Uropathogenic E. coli (UPEC) is a nosocomial pathogen associated with urinary tract infections and expresses 
several virulence factors that cause recurring infections and cystitis of the bladder, which can lead to 
pyelonephritis. UPEC uses different types of extracellular appendages like fimbriae and pili that aid colonization 
and adherence to bladder epithelium and can form biofilm-like bacterial communities that aid its survival after 
the deployment of host immune responses. We investigated the antibiofilm, antimicrobial, and antivirulence 
properties of three indole derivatives, namely, 4-chloroindole, 5-chloroindole, and 5-chloro 2-methyl indole. 
These three chloroindoles had MIC’s of 75 μg/ml and inhibited biofilm formation by an average of 67% at 20 
μg/ml. In addition, they inhibited swarming and swimming motilities, which are essential for dissemination from 
bacterial communities and colonization, reduced cell surface hydrophobicity, and inhibited indole production and 
curli formation. Gene expression analysis showed all three chloroindoles significantly downregulated the 
expressions of virulence genes associated with adhesion, stress regulation, and toxin production. A 3D-QSAR 
analysis revealed substitutions at the 4th and 5th positions of the indole moiety favored antimicrobial activity. 
Furthermore, these chloroindoles potently inhibited biofilm formation in other nosocomial pathogens and 
polymicrobial consortia. 
  
Keywords : biofilm, Chloroindoles, E. coli, indoles, UPEC, virulence 
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 PSP14   Cinnamaldehyde Derivatives Suppressed Virulence Factor Production and Biofilm Formation 
by Vibrio parahaemolyticus 
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Vibrio parahaemolyticus is considered one of the most relevant pathogenic marine bacteria causing food-related 
gastroenteritis in humans. This study examined the inhibitory effects of cinnamaldehyde (CNMA) and its 
derivatives on biofilm formation and the virulence factors in Vibrio species, particularly V. parahaemolyticus. 
Among the CNMA derivatives, 4-NitroCNMA, 4-ChloroCNMA, and 4-BromoCNMA displayed antibacterial and 
antivirulence activities, while the backbone CNMA had weak effects. The derivatives could prevent the adhesion 
to surfaces by dose-dependently inhibiting cell surface hydrophobicity, fimbriae, and flagella-mediated motilities. 
They also decreased the protease and indole secretions required for virulence and as signal molecule respectively. 
The expression of genes related to QS and biofilm (aphA, cpsA, luxS, and opaR), virulence (fliA, tdh, and vopS), 
and membrane integrity (fadL, and nusA) were repressed. Interestingly, they eliminated V. parahaemolyticus and 
reduced the background flora from the squid surface. The study identified the analogs as potential broad-spectrum 
antimicrobial agents against biofilm-mediated Vibrio infections and for disinfection. 
 
Keywords : antibiofilm, antivirulence, Vibrio parahaemolyticus, cinnamaldehyde derivatives 
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 PSP15   Effect of Halogenated Indoles on Biofilm Formation, Virulence, and Root Surface Colonization 
by Agrobacterium tumefaciens 
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Agrobacterium tumefaciens is a plant pathogen that causes a necrotic condition referred to as crown gall in wide 
species of plants owing to a huge economical loss. It causes infection by transferring the T-DNA into the host. Its 
chemotactic response to a range of chemical compounds released by hosts facilitates its colonization to host 
surfaces, and thus, novel anti-agrobacterium compounds are needed to prevent its biofilm formation. Here, we 
investigated 83 indole derivatives against A. tumefaciens, and based on the screening, 4-chloroindole, 6-
iodoindole, and 5-chloro-2-methyl indole were selected as candidates that at 50 μg/ml significantly inhibited the 
adherence and biofilm formation of A. tumefaciens to abiotic and biotic surfaces. Furthermore, they reduced 
bacterial growth, biofilm biomass, thickness, and virulence characteristics such as swimming motility, 
exopolysaccharide, and exo-protease production, and cell surface hydrophobicity. The Transcriptional analysis 
showed multi-fold downregulation of biofilm, virulence, motility, and stress-related genes. This study 
demonstrates the promising antibiofilm and antivirulence activities of the three indole derivatives tested and their 
potentials for targeting and curbing A. tumefaciens infections 
 
Keywords : Agrobacterium tumefaciens, biofilm, chloroindole, iodoindole, indole derivatives, virulence 
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 PSP16   DeepTESR: A Deep Learning Framework to Predict and Control Gene Expression from 
Translational Elongation Short Ramps 
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Control during the elongation phase of translation elongation is essential for efficient protein synthesis. Ribosome 
profiling has revealed that the speed of ribosome movement is related to translational efficiency, and previous 
studies have demonstrated that the amino acids encoded by codons 3 to 5, which constitute the translational 
elongation short ramp (TESR), are contributors to the kinetics of protein synthesis. In this work, we present a new 
deep learning model, DeepTESR, to predict the degree of translational elongation short ramp (TESR) from a given 
mRNA sequence. We quantify the degrees of TESR as TESR scores. The proposed deep learning model exhibited 
superior performance in predicting the TESR scores for 226,981 TESR sequences, resulting in mean absolute 
error (MAE) of 0.285 and a coefficient of determination R2 of 0.627, demonstrating improved metrics over 
conventional machine learning models (e.g., LightGBM, which yields MAE of 0.335 and R2 of 0.571). By use of 
Fluorescence Activated Cell Sorting (FACS), we experimentally validated that the expression of heterologous 
fluorescence proteins, concatenated with randomly selected TESR sequences, showed moderate correlation with 
the degrees of expression predicted by our model. Furthermore, a genome-wide analysis of TESR prediction of 
the 4,305 coding sequences of Escherichia coli showed conserved proportions of TESR scores for every cluster 
of orthologous genes. In this sense, DeepTESR can be used to predict and control the contributions by TESR 
sequences of a transcript for tuning gene expression. It also serves as a valuable tool when investigating the 
mechanism of translational control. DeepTESR is available at https://github.com/fmblab/DeepTESR. 
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 PSP17   Effect of Extremely Low-Frequency Electromagnetic Fields on Activation of Human Hair 
Follicles through Cytokine Increase 
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Hair loss is a chronic stress that have occurred in many people for a long time. According to the interest in treating 
hair loss, it became very important to develop new therapeutic agents for relieving hair loss. Electromagnetic field 
(EMF) has been reported to be useful as a medical treatment in diverse field. We studied the effect of different 
intensities of extremely low frequency electromagnetic fields (ELF-EMFs) on the activation of hair bulb organoid 
(HBO) model and exposure time of ELF-EMF on the growth of hair follicles (HFs) in organ culture model. 
Treatment of ELF-EMF did not induce toxicity to the HBOs, as evidenced by lactate dehydrogenase (LDH) assay 
and expression level of apoptosis marker. The HBOs exposed to ELF-EMFs promoted expression of versican, 
ALP, β-catenin and cytokines (PDGF, VEGF, FGF-10, and ET-1) at 5~20G. At the result of immunohistochemical 
staining, 5~20 G of EMF can increase expression of ALP and β-catenin and reduce the TUNEL in HBOs. Also, 
the HFs exposed to ELF-EMF for 60 min had the highest hair length growth and ALP, versican, IL-4, and ICAM-
1 mRNA expression increased about 1.5-fold in 60 min group compared with control. The immunohistochemical 
staining results showed that exposure for 60 min to ELF-EMF can increase the expression level of ALP and β-
catenin and reduce the TUNEL expression in organ culture. Thus, these results suggested that the treatment of 
ELF-EMF at 10 G for 60 min induced increase of hair shaft growth in HFs, because of the effect of cytokines and 
adhesion molecules through Wnt/ β-catenin pathway. We speculate that ELF-EMF could be a possible treatment 
for hair loss. 
 
Keywords : hair follicle, dermal papilla, electromagnetic field 
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Many studies have shown that cells are likely to experience genetic or phenotypic variations over generations. 
And cryopreservation is believed to be the only way to keep cells unchanged in their properties ( -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. Currently, the most commonly used cryoprotective 
agent 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. This 
study systematically selected cryopreservative candidates that can respond to expected cell damage. And 
candidate substances were largely classified into main-effect cryopreservatives polymers, and antioxidants. These 
can prevent ice formation and inhibit physical damage to cells by removing water from the cells. We used Plackett-
Berman design (PBD), and general full factorial design (GFFD), which are statistical techniques such as design 
of experiments (DoE) to develop serum-free, chemically defined formulations with similar performance to 
DMSO. 
In conclusion, we identified cell-permeable substances that have the key effects to replace DMSO, and 
additionally designed cryopreservation compositions by adding functional additives. By further developing 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, DoE(design 
of experiment) 
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 P0002   UTR (Untranslated Region) Engineering to Enhance Recombinant Interferon-β1a Productivity 
in CHO Cells Under Low Temperature 
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CHO cell culture under mild hypothermia is extensively used to enhance protein productivity efficiently. In this 
condition, the well-characterized cold shock proteins(CSPs), cold inducible RNA binding protein(CIRP) and RNA 
binding motif3(RBM3) are highly expressed in mammalian cells. CIRP and RBM3 are known as RNA binding 
proteins (RBP) binding specific mRNA and regulating 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. 
 
Keywords : untranslated region, CHO cell culture, mild hypothermia, cold shock proteins 
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 P0003   Development and Evaluation of a New Single-use Bioreactor flatform, the CELBIC® System 
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Since the single-use bioreactors(SUBs) 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 SUB system, the CELBIC® system, is introduced. It has unique properties of the 
shape and the mixing mechanism distinguished from existing SUBs and reusable cell culture systems. The 
CELBIC® system moves in four directions and generates the orbital rotation flow. As a new SUB for seed 
processes culture and biopharmaceutical production, the CELBIC® system was evaluated its biological 
performances through experiments in cell cultures. 
Two recombinant cell lines(CHO DG44 and CHO-S) derived from CHO cell, producing proteins were used for 
experiments, and cell cultures were carried out in four different working volumes of 1 liter, 5 liters, and 50 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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 P0004   Evaluation of Physical and Biological Performances 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 50mL scale single-use multi-bioreactor system that can control pH and DO 
(dissolved oxygen) with single-use patch type optical sensors, and culture temperature of each bioreactor which 
is expandable to 24 bioreactors is introduced. And the evaluation of physical and biological performances of this 
single-use multi-bioreactor system are explored. 
In conclusion, this research offers 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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 P0005   Hybrid Cell Line Development System Utilizing Site-specific Integration and Methotrexate-
mediated Gene Amplification in Chinese Hamster Ovary Cells 
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Site-specific integration has emerged as a promising strategy for streamlined and predictable Chinese hamster 
ovary (CHO) cell line development (CLD). However, the low specific productivity of the targeted integrants limits 
their practical application. In this study, we developed a hybrid CLD platform combining site-specific integration 
of a transgene and dihydrofolate reductase/methotrexate (DHFR/MTX)-mediated gene amplification to generate 
high-producing recombinant CHO cell lines. We used the CRISPR/Cas9-based recombinase-mediated cassette 
exchange landing pad platform to integrate the DHFR expression cassette and transgene landing pad into a CHO 
genomic hot spot, C12orf35 locus, of DHFR-knockout CHO-K1 host cell lines. When subjected to various MTX 
concentrations up to 1 μM, EGFP-expressing targeted integrants showed a 3.6-fold increase in EGFP expression 
in the presence of 200 nM MTX, accompanied by an increase in the DHFR and EGFP copy number. A single-
step 200 nM MTX amplification increased the specific monoclonal antibody (mAb) productivity (qmAb) of mAb-
producing targeted integrants by 3-folds, reaching a qmAb of 9.4–12.1 pg/cell/day. Fluorescence in situ 
hybridization analysis showed colocalization of DHFR and mAb sequences at the intended chromosomal 
locations without clear amplified arrays of signals. Most MTX-amplified targeted integrants sustained mAb 
production during long-term culture in the absence of MTX, supporting stable gene expression in the amplified 
cell lines. Our study provides a new CLD platform that increases the productivity of targeted integrants by 
amplifying the transgene copies. 
 
Keywords : Chinese hamster ovary (CHO), CRISPR/Cas9, DHFR knockout, gene amplification, methotrexate, 
targeted integration 
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 P0006   Microcarrier Culture Using Single-Use Bioreactor System, CELBIC, for Expansion of Adherent 
Cells 
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A typical stationary (2D) cell culture system is not suitable for large-scale culturing of adherent cells due to a 
limited surface area for cell attachment. It is also difficult to control the culture environment such as DO and pH. 
To overcome these issues, we used microcarriers that can significantly increase the area in which cells can attach 
within the specific culture space, and the CELBIC system, single-use bioreactor system, that can control the 
culture environment such as DO and pH. 
Recently, microcarriers are widely used to increase production efficiency and reduce production costs in the field 
of biopharmaceutical production. The microcarriers used in this study are 100 to 250 micrometers in size, are 
made of different materials, and have various surface structures and specific gravity (density) depending on the 
type of the microcarrier. The adhesion, proliferation and desorption capacities of each type of microcarriers are 
also different. Thus, it is essential to search for and select a microcarrier depending on the user's purpose or cell 
type to which it is applied, and to develop the related culture process. For microcarrier selection, we performed 
microcarrier cultures using human embryonic kidney cells (HEK293A) with various microcarriers (Hillex II, 
Collagen, ProNectin F, Glass Coated, Star-plus, Cytodex 1, Cytodex 3, Cultispher-G, Cultispher-S) in Erlenmeyer 
flasks. We also experimented to find appropriate rpm for microcarriers mixing and optimum concentration of cells 
and microcarriers. 
The CELBIC system operates by multi-directional rocking movement and can be stirred by the waves of the 
media. In addition, it is a system that can reduce risks of contamination in the cell culture and burdens such as 
cleaning and sterilization by using single-use bag. Then we evaluated microcarrier cell cultures at working volume 
of 500 mL and 1 L in single-use bags using the CELBIC system. 
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 P0007   Development of Chemically Defined Media for Culturing Chinese Hamster Ovary (CHO) Cells 
that Exceed the Culture Performance of Commercial Media 
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Chemically defined media (CDM) is generally used in the process of producing recombinant therapeutic proteins 
via Chinese hamster ovary (CHO) cell culture, because CDM can overcome disadvantages of serum such as batch-
to-batch variation, difficulty in quality control, contamination due to inherent virus. [1, 2] However, the 
composition of more than about 100 compounds in serum-free commercial CDM is protected by intellectual 
property rights and is not disclosed. Accordingly, in this study, we tried to develop a new CDM by adding 
supplements such as energy sources, vitamins, trace elements, lipids to the basal medium. We applied the Design 
of Experiments (DoE) and screened 26 substances reported to foster growth in CHO cell cultures in various 
research. Further, we reinforced the composition of antioxidants and amino acids to reach the culture performance 
of commercial media. As a result of culturing the antibody-producing CHO cell line using the CDM completed 
through all processes, the maximum viable cell density was improved by 21% and the antibody titer by 17% 
compared to the commercial medium. In addition, the affinity of the antibody to the antigen was observed at 
89.2% compared to the product produced in commercial medium. 
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 P0008   Development of Fluorescent Antibodies for the Rapid and Simple Detection of Haptens 
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Small molecules, referred to as haptens, exist in the body in a trace amount, but perform a strong physiological 
action and lead to the symptoms of the disease. Therefore, a development of a quantification method for detecting 
hapten biomarkers is crucial for clinical diagnosis. Here, we developed unique and powerful fluoroimmunosensor 
Quenchbodies for detecting haptens including cortisol, thyroxine, and deoxycholic acid, which work on the novel 
principle of antigen-dependent removal of quenching effect on fluorophores. The outstanding advantage of the 
Quenchbody assay is that it does not require culture or wash step. In this study, we attempted to make 
Qeuecnchbodies by labeling the recombinant scFv, which was prepared from E. coli using several commercially 
available dye-maleimides. As a result, we reproducibly obtained larger amounts of anti hapten Q-bodies, with 
high yield and cost-efficiency. The fluorescence intensity of each Quenchbody was increased in the presence of 
an antigen. The results indicate the Quenchbody’s applicability as a powerful multicolored sensor, with a potential 
to simultaneously monitor multiple targets in a sample. 
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 P0009   Structural Study on the Impact of S239D/I332E Mutations in the Binding of Fc and FcγRIIIa 
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Engineering of Fc for improved affinity to its receptor, FcγRIIIa, can enhance the therapeutic activity of mono-
clonal antibodies. S239D/I332E mutation of Fc has been extensively employed in various Fc engineering studies. 
Still, it is not clear how the mutations have structurally influenced the molecular interactions between Fc and 
FcγRIIIa. In this study, the point or combined mutations of S239D/I332E were introduced into one chain (A) or 
the other chain (chain B) of the homodimeric Fc domain computationally. Their structural effects on the binding 
to FcγRIIIa were investigated through a computational docking method. These results showed that the chain-
specific point mutation, S239D induced a new salt-bridge with the receptor in A and B chains of Fc, whereas 
I332E mutation generated a new salt-bridge with the receptor only in A chain. The combined mutation study 
identified that the Fc variant with four mutations reproduced the three salt-bridges. This showed that the mutation 
of S239D and I332E in chain A of Fc induced complex salt-bridge formation with the Lys158 of FcγRIIIa. This 
study is expected to provide more structural insight into Fc variants’ design based on S239D/I332E mutation. 
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 P0010   Assessment of Computational Modeling of Fc-Fc Receptor Binding Through Protein-Protein 
Docking Tool 
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Structural information of Fc-Fc receptor interaction may contribute to the design of drugs or therapeutic antibodies 
associated with the interaction. Computational protein-protein docking can be employed in structural study of 
protein-protein interaction, but its efficiency and reliability are still unstable and need to be validated and 
optimized for respective target protein complexes. In this study, we investigated and assessed the computational 
modeling efficiency of Fc-FcγR complex through HADDOCK by defining five different sets of active residues, 
a major parameter to determine the prediction efficiency of HADDOCK. The binding residues identified 
experimentally or the residues in the binding pocket were confirmed to be efficient active residues to achieve a 
high prediction efficiency, and too narrower or wider specification of active residues led to poor prediction 
efficiency. Most binding residues and crucial molecular interactions such as conserved interactions and hydrogen 
bonds in the crystal structure were reproduced in the best model. The HADDOCK docking condition determined 
in this study is expected to be applied to the computational characterization of various Fc-Fc receptor complexes 
and mutants. 
 
Keywords : protein-protein docking, HADDOCK, Fc fragment, Fc receptor, binding residues, molecular 
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 P0011   Identifying Critical Media Ingredients to Improve the Performance of Chinese Hamster Ovary 
Cell Culture Media Using Systems Engineering Approaches 

 
Uiseon PARK1, Seo-Young PARK2, Dong-Hyuk CHOI2, Jinsung SONG2, Hyeran CHO1, Bee Hak HONG1, 
Yaron R. SILBERBERG1, Dong-Yup LEE2 
1Osong Customer Service Center, Ajinomoto Genexine Co., Ltd., Cheongju, Korea, 2School of Chemical 
Engineering, Sungkyunkwan University, Suwon, Korea 
Corresponding Author Email : yaron_silberberg@ajinomoto.com ; dongyuplee@skku.edu 
 
The culture of industrial Chinese Hamster Ovary (CHO) cells requires custom cell culture media that enhance the 
culture performance. Identifying critical amino acids is an essential workflow of this. In this study, we investigated 
the effect of basal and feed media on cell growth and productivity and embedded those cell culture data into a 
systematic framework to identify critical amino acids. This systematic media design framework includes 
cultivation data collection and processing, statistical analysis, model-guided analysis, and idea development and 
validation. CHO-K1 cell was cultured in two basal-A and -B with two feed-a and -b media (Ajinomoto Genexine 
prototype). Exhibited results from cell culture such as specific growth rate, productivity, and nutrient consumption 
/production rate were analyzed. The systematic analysis identified some critical amino acids in feed that act as 
bottlenecks contributing to stress on the growth and production. The study provides the successful systems 
engineering approach that support the identification of critical nutrients and growth factors and the improvement 
of media development, which have a much greater cell culture performance than original. 
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 P0012   Production of Anti-TNF-α/IFN-γ Bispecific Antibody in Chinese Hamster Ovary Cells Using a 
KiH Technology 
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Bispecific antibodies (BsAbs) are antibodies with two binding sites directed at two different antigens or two 
different epitopes on the same antigen. The clinical therapeutic effects of BsAbs are superior to those of 
monoclonal antibodies, with broad applications for tumor immunotherapy as well as for the treatment of other 
diseases. Crohn's disease is a chronic inflammatory bowel disease that can involve the entire digestive tract and 
requires BsAb therapy. The pathogenesis of Crohn's disease involves pro-inflammatory cytokines such as TNF-
α, IFN-γ, and IL-6. Since various cytokines complement each other, there is a limit to reducing the hyperactive 
immune response by inhibiting only one of them. In this study, we generated an IgG-like BsAb against TNF-α 
and IFN-γ, which act as the pathogenesis of Crohn's disease. To create a BsAb, we adopted the “knob-into-hole” 
technology based on the replacement of small amino acid with a larger one in the IgG CH3 domain of one chain 
and an opposite substitution in the second chain, preventing homodimerization. To avoid heavy and light chain 
mispairing, common in most IgG-like BsAb formats, the variable domains were designed as scFv. The purity of 
the Anti-TNF-α/IFN-γ scFv/KiHFc BsAb was more than 90% and around 55~110 kDa verified by SDS-PAGE 
under reducing and non-reducing conditions. The concentration of BsAb was more than 35 ug/mL as measured 
using an ELISA assay. The anti-TNF-α/IFN-γ BsAb is expected to be used as a treatment for chronic inflammatory 
bowel disease in the future. 
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The development and optimization of cell culture media are crucial steps for higher 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 and understanding of components. In this study, 
we showed the process to develop CDM through optimization of the composition and screening key components 
using Plackett-Burman design(PBD). First, we optimized the concentration of amino acids and energy sources in 
SJ-PFM 2.0, an in-house medium. Based on this, a basal CDM was developed. Then, PBD was used to screen 
significant components for productivity. After that, we found that vitamin B and polyamine groups were the most 
critical factors. With the optimization process of found factors, the results showed that IFN-β productivity was 
improved 6.3-fold. Additionally, we added Forskolin to CDM for enhancing productivity. When Forskolin was 
added, IFN-β production was improved 1.4-fold. This study suggested that the optimization of key components 
was crucial. Moreover, PBD was an efficient way for screening effective composition to develop CDM for CHO 
cells. 
 
Keywords : CHO cell culture, chemically defined media, Plackett-Burman design 
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 P0014   Optimization of the Culture Medium by Statistical Experimental Methods to Enhance the Cell 
Growth in CHO Cell Culture 
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Recently, many studies for biopharmaceuticals have been performed with the increase in demand for therapeutic 
proteins. Since the Chinese hamster ovary (CHO) cell can achieve the appropriate post-translational modification 
and produce recombinant proteins with human-compatible glycosylation, CHO cell has been widely used to 
produce various therapeutic proteins. In this study, we optimized the culture medium components of CHO cell for 
the enhancement of cell growth. First, we selected a suitable culture medium using commercial media for CHO 
cell culture. Then, the Plackett-Burman design (PBD) was used to evaluate the effect of various supplementations 
including hormones, vitamins, and lipids on cell growth. The PBD results showed that the most effective 
components for cell growth of CHO cell were hydrocortisone and cyanocobalamin. Finally, the response surface 
methodology (RSM) was used to optimize the concentration of the major components. 
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PDE5 (Phosphodiesterase 5) inhibitors have been shown in recent research to have anticancer effects in a variety 
of carcinomas. We developed a system for the effective delivery of PDE5 inhibitor drugs using a protein 
transduction domain (PTD) recombinant fusion protein. The HER2-PDE5 inhibitor binding domain (HPBD) 
protein formed an HPBD/PED5 inhibitor complex by spontaneously attaching to the PDE5 inhibitor. The 
HPBD/PED5 inhibitor complex targeted HER2-positive cancer because HPBD protein contains a HER2 protein 
binding site. The anticancer effect of sildenafil, a PDE5 inhibitor, was validated, and it was determined whether 
the recombinant fusion protein binds sildenafil to improve the efficiency of HER2-positive cancer cell 
introduction. We have designed a new drug delivery system based on recombinant fusion proteins that 
spontaneously bind to drugs. The new system could be used to the development of complex anticancer therapeutics 
in which two or more chemotherapy drugs are combined. 
 
Keywords : PDE5(Phosphodiesterase5) inhibitor, recombinant fusion protein, Targeted delivery, HER2, 
Sildenafil 
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 P0102   Development of TAT-fused mTOR Inhibitor Binding Proteins for the Treatment of Breast 
Cancer 
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Rapamycin, one of the mTOR inhibitors, is a medication that slows cell proliferation and growth by inhibiting the 
overexpression of mTORC1 in cancer cells. Rapamycin had to overcome its low solubility in order to be used as 
an anti-cancer agent, and it was changed using physicochemical approaches. A recombinant fusion protein 
(TRBD) was developed in this study by fusing a rapamycin binding domain (RBD) that spontaneously bound to 
rapamycin via biological affinity and a TAT peptide that improved cell membrane permeability together. The 
TRBD systems could form TRBD/mTOR inhibitor complex by spontaneously binding to the mTOR drug by 
biological affinity without chemical modification. The uptake and anticancer effect of the TRBD/mTOR inhibitor 
complex into human breast cancer cells were evaluated. It was confirmed that intracellular delivery efficiency and 
anticancer efficacy of the mTOR inhibitor were improved by TRBD system. We demonstrated a new mTOR 
inhibitor delivery systems based on biological affinity between drug and binding protein. 
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 P0103   Calcium Phosphate Nanoparticle with a Conjugate of a Tumor Targeting Peptide and Protein 
for the Endosomal Escape 
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Nanoparticle-based drug delivery systems for cancer treatment, which have been excellently developed in recent 
decades, have numerous advantages in terms of research, but low drug loading efficacy and toxicity of particles 
themselves remain troubling problems. Calcium phosphate has high biodegradability due to its chemical similar 
to human hard tissue, and endosomal escape through the action of salts is possible, thereby minimizing drug 
damage. A conjugate of Bovine Serum Albumin(BSA), a protein, a tumor targeting peptide(Gly-Gly-Arg-Arg-
Glu; GGRRE), and doxorubicin, an anticancer drug, was formed to construct an anticancer drug delivery system 
together with calcium phosphate. As a result of analyzing the difference in nanoparticle structure according to pH, 
the shape became larger and irregularly changed at a low pH of about pH 5.0. As these nanoparticle respond to 
pH, the drug can act as quickly as possible because the structure loosens, osmotic pressure increases, and 
endosome destruction occurs sequentially. It showed clear cytotoxicity in tumor cells overexpressing the cathepsin 
B enzyme, while less toxicity in normal cells with little cathepsin B expression. Therefore, this BSA-GGRRG-
DOX/CaP NPs is a drug delivery system that uses a bioconjugate to minimize carrier toxicity, increase targeting 
efficiency, and reduce drug damage, breaking through the limitations of nanomedicine. 
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 P0104   Chitosan Isolated from Hermetia illucens Inhibits Adipogenesis Pathway 
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Chitosan, a bioactive polymer, has physiological activities such as antibacterial activity, non-toxicity, easy 
transformation and biodegradability. However, little research has been done on Hermetia illucens chitosan (HCS), 
and the effect of HCS on lipid metabolism is unclear. In the present study, we investigated the functional role of 
HCS in the process of MDI-induced adipocyte differentiation from preadipocytes (3T3-L1). HCS inhibited 
intracellular reactive oxygen species (ROS) mediated phosphorylation of AKT and the mammalian target of 
rapamycin (mTOR) in MDI (IBMX, DEX, insulin)-induced adipogenesis. HCS inhibited mTOR-mediated 
activation of peroxisome proliferator-activated receptor gamma (PPARγ) responsible for the expression of fatty 
acid synthase (FAS) during adipogenesis. In a high fat diet mouse model, HCS treatment had an anti-obesity effect 
that ameliorating changes lipid metabolism and plasma levels. These results indicate that HCS is a nutritional and 
pharmaceutical agent that provides a new potential therapeutic target for obesity-related metabolic diseases. 
  
Keywords : adipogenesis, chitosan, obesity 
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Combination anticancer therapy to combat cancer can lead to synergistic effects for anticancer efficacy using a 
variety of drugs with targeted efficacy. Studies are being reported developing new methods to enhance and 
combine chemotherapy and immunotherapy. In this study, by using an antibody binding recombinant fusion 
protein(ARP) that could modify the surface of immune cells, it was enabled to rapidly introduce various antibodies 
and antibody-drug conjugates (ADCs) to the surface of immune cells without chemical modification or genetic 
manipulation. The ARP was successfully integrated into immune cells and localized in its plasma membranes, 
and the ability of the surface-modified immune cells to bind antibodies and ADCs was evaluated. Surface-armed 
NK cells (SA-NK) generated using ADCs exhibit high anticancer efficacy at the tumor site through targeted 
chemotherapy and cytotoxicity of immune cells to tumor cells. This biological immune cell surface modification 
method could introduce various ADCs to instantly convert immune cells into chemoimmunotherapy. Conse-
quently, this technology might be expected to enable rapid and timely development of customized chemoimmuno-
therapy targeting various cancer cells. 
 
Keywords : recombinant fusion protein , antibody-drug conjugates, NK cell, surface engineering, immunotherapy 
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 P0106   Drugs Repurposing for COVID-19 with Virtual Screening and Cell-based Assay 
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The COVID-19 pandemic is prompting the need for rapidly developing antiviral drugs for the treatment. Drug 
repurposing is one of the most tangible strategies for developing antiviral agents starts with a virtual screening of 
approved drugs. However, the actual hit rate of virtual screening is very low, and most of the predicted compounds 
are false positives. Here, we developed a strategy for virtual screening with much reduced false positives through 
incorporating predocking filtering by shape similarity and postdocking filtering by interaction similarity. We 
applied this advanced virtual screening approach to repurpose 6,218 approved and clinical trial drugs for COVID-
19. All 6,218 compounds were screened against the main target protein of SARS-CoV-2, resulting in 15 and 23 
potential repurposed drugs. Among them, seven compounds can inhibit SARS-CoV-2 replication in Vero cells. 
Three of drugs show anti-SARS-CoV-2 activities in human lung cells, Calu-3. Notably, the activity of omipalisib 
is 200-fold higher than that of remdesivir in Calu-3. The drug repurposing strategy reported here will be useful 
for rapidly developing drugs for treating COVID-19 and other viruses. SARS-CoV-2 (NCCP43326) was provided 
by the National Culture Collection for Pathogens.  
** This work was supported by the KAIST Mobile Clinic Module Project (Grant No. MCM-2020-N11200225) 
funded by the Ministry of Science and ICT (MSIT) and the KAIST Cross-Generation Collaborative Lab project. 
The cell-based assays performed by S.J. and S.K. were supported by the National Research Foundation of Korea 
(NRF) grant funded by the MSIT (NRF-2017M3A9G6068245). 
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 P0107   Hypoxia Degradation Albumin Nanoparticle Loaded with Doxorubicin for Cancer Therapy 
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The microenvironment of tumor tissue appear to be hypoxic due to abnormal growth and metabolism of cancer 
cells. In hypoxic tumor, it is difficult for chemo-drug to penetrate the tumor and reduces the effectiveness of 
chemotherapy. Nanoparticles were synthesized using bovine serum albumin and azobenzene, which is cleavage 
in hypoxia condition, as a crosslinker of nanoparticle. We synthesized nanoparticles in an optimal form by 
controlling the amount of crosslinker. Nanoparticles show a size of about 100 nm in a normal environment, and 
in a hypoxia condition, they are decomposed due to the cleavage of azobenzene and the nanoparticles are 
degraded. It was confirmed that the higher the amount of azobenzene used to synthesize the nanoparticles, the 
faster the drug was released, and it was confirmed that the drug was released more in a hypoxic environment than 
in normal oxygen. We enable effective drug delivery system efficacy in hypoxic environment by controlling drug 
release by controlling the amount of azobenzene. 
  
Keywords : hypoxia, bovine serum albumin(BSA), azobenzene 
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 P0108   Multiomics Based Characterization of Time- and Dose-dependent Effects of Ionizing Radiation 
on Human Skin Keratinocytes 
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Since skin keratinocytes are often exposed to various radiation doses, the knowledge of the biological response 
of human keratinocytes to various radiation doses and time-points is important. Here, we applied the integrative 
multiomics approaches to determine the IR dose- and time-dependent biological effects on HEKn cells on Day 0 
and 2 after 0, 0.1, 0.5, and 2 Gy irridation. After irradiation, the expression levels of proteins and metabolites 
involved in the DNA repair system, energy metabolism, and epidermal cornification were changed. Especially on 
Day 2, DNA repair promoting fumarate and fumarate hydratase were increased in response to 2 Gy and all doses 
induced the proteomic changes associated with epidermal cornification and inhibition of cell death. Moreover, 
dose-dependent increases in the cornified layer and the expression of involucrin were observed using a human 
skin 3D full-thickness model. Taken together, we could provided the comprehensive insights into the biological 
effects of IR applications on human epidermis. 
 
Keywords : skin keratinocytes, ionizing radiation, multiomics 
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Pancreatic cancer is the 4th leading cause of cancer-death in the world. It 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. These dual-
functional aptamer complex was has high affinity to each target protein active site. 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 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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Ultrasound (US)-triggered sonodynamic therapy (SDT) that enables noninvasive treatment of deep-seated tumors 
has attracted widespread interest as an effective alternative to conventional photodynamic therapy. Extracellular 
vesicles, a class of naturally occurring nanoparticles secreted by cells, have emerged as desirable nanocarriers for 
safe drug delivery. Herein, versatile biocompatible EVs were engineered as dual stimuli-responsive carriers to 
efficiently deliver indocyanine green (ICG) (sonosensitizer/photoacoustic imaging agent) and paclitaxel (PTX) 
(chemo drug) into tumor cells. Sodium bicarbonate (SBC) was also encapsulated into the EVs to achieve pH-
responsive drug release  In the acidic pH environment of endo/lysosomes, CO2 bubbles generated from SBC in 
the EVs cause the membrane to burst, thus triggering the release of ICG and PTX. SBC-loaded EVs comprising 
ICG and PTX [SBC-EV(ICG/PTX)] facilitated the release of ICG and PTX when treated with US. SBC-
EV(ICG/PTX) exhibited efficient anticancer activity against breast tumor cells owing to the combination of 
chemo-sonodynamic therapy. High-resolution PA imaging visualized the preferential tumor accumulation of 
SBC-EV(ICG/PTX) in tumor-bearing mice. These results demonstrate that SBC-EV(ICG/PTX) are promising 
sonotheranostic nanoplatforms for safe and efficient chemo-sonodynamic combination cancer therapy combined 
with photoacoustic imaging 
 
Keywords : extracellular vesicle, sonodynamic cancer therapy, combination therapy, pH-sensitive release, 
photoacoustic imaging 
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Heat shock protein (HSP90) is one of the proteins that cancer cells produce for survival, such as PD-L1 and YAP. 
HSP90 inhibitors can induce cell death by inhibiting HSP90 client protein activity through inhibition of HPS90 
activity. Anticancer effects of various HSP90 inhibitors have been confirmed, and new HSP90 inhibitors are 
continuously being reported. Although new and various HSP90 inhibitors have been reported, countermeasures 
against side effects such as nephrotoxicity are required and the development of an effective delivery system is 
required. Although antibody-drug conjugates are excellent target delivery systems, antibody-drug conjugate 
(ADC) development of HSP90 inhibitors is limited because HSP90 inhibitors are difficult to bind chemically. To 
overcome this problem, we developed HER2 targeted HSP90 inhibitor binding system (HER2 scFv-HBD) for the 
targeted delivery of HSP90 inhibitors via spontaneous binding. In this study, it was confirmed whether the 
antibody/drug complex was formed using the newly released HSP90 inhibitor. In addition, HER2-positive tumor 
target delivery and anticancer effect were confirmed. Therefore, drug-binding protein systems that spontaneously 
bind to drugs could become new systems for developing targeted delivery systems for various HSP90 inhibitors. 
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Natural killer (NK) cells are innate immune cells to defend against cancer and can be used as anticancer therapy 
by large scale expansion of highly active NK cells. NK cell activation is essential criteria for cancer prognosis 
and a crucial goal for discovering factors to enhance NK cell activities. Recently, in cancer tissues, reduced 
cytotoxicity has been reported due to mitochondrial damage of NK cells. Here, according to the relationship 
between activity and mitochondrial state, we assume that enhancing mitochondria increases the activity of NK 
cells. Therefore, we aimed to verify whether exogenous mitochondrial transfer (EMT) could improve proliferation 
and cytotoxicity of NK cells. We analyzed the variation of energy synthesis in NK-92MI delivered mitochondria 
isolated from other cells and NK-92MT-EMT cell proliferation, cytotoxicity. Result showed that ATP sysnthesis 
of NK-92MI-EMT increased by up 76% in a dose-dependent manner. The proliferation of NK-92MI increased by 
up to 113%, and the cytotoxicity of cancer cells K562 increased by up to 104%. 
 We propose that mitochondrial transfer into cells would be effective in overcoming the current limitations of NK 
cells therapies. 
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Guarana (Paullinia cupana), a plant that produces purine alkaloids, is a natural substance that provides health 
benefits through antioxidant and anti-aging activity. In this study, we investigate the functional efficacy of guarana 
during adipogenesis induced by MDI (methylisobutylxanthine, dexamethasone, insulin) in 3T3-L1 preadipocytes 
and during high fat diet-induced obesity in an animal obesity model. MDI significantly induced adipogenesis in 
3T3-L1 cells. The decrease in adipocyte differentiation was restored when treated with guarana extract (10 μg/mL) 
containing caffeic acid, theophylline, theobromine and procyanidin A2. Guarana inhibited phosphorylation of 
ser/thr kinase AKT (AKT) and mechanistic target of rapamycin (mTOR) stimulated by intracellular reactive 
oxygen species (ROS) production. Guarana blocked mTOR-mediated phosphorylation of peroxisome proliferator-
activated receptor gamma (PPARγ), which regulates mRNA expression of Fatty acid synthase (FAS), during 
MDI-induced adipocyte differentiation. Interestingly, in an animal obesity model induced by a high fat diet, 
Guarana reduced body weight mainly in white adipose tissue (WAT) through plasma cholesterol control. These 
results demonstrate that guarana is a natural pharmacological food that inhibits the MDI-induced adipogenesis 
pathway in preadipocytes. 
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The need for effective hemostatic agents is increasing as patients or soldiers suffer from bleeding, which leads to 
disastrous impacts or even death. As time goes by, researchers have been developing various forms of tissue 
adhesives to stop bleeding immediately and restore tissues effectively without infection. Fibrin glue has been used 
for many surgical operations, but it has several drawbacks, such as low-tissue adhesion strength and virus 
infection. Recently, researchers discovered underwater adhesives produced by marine creatures such as mussel 
and sandcastle worms, which show good underwater adhesion under a hydrodynamic environment. Because the 
key component of underwater adhesion comes from 3,4-dihydroxyphenylalanine (DOPA), researchers have been 
adopting this modified amino acid with tissue regeneration materials to create new hemostatic agents. Herein, we 
will review three different nature-inspired biomaterials-based hemostatic agents using DOPA with other nature-
originated biomaterials that are alginate, chitosan, and gelatin. Hemostatic effect of these biomaterials can be 
enhanced with the strong adhesion ability of DOPA. These nature-inspired hemostatic agents are suitable for 
designing futuristic hemostatic agents due to their great biocompatibility, biodegradability, non-toxicity, and 
convenience in the use of surgical purposes resulting from their rheological properties. 
 
Keywords : nature-inspired hemostatic agents, Dopa, chitosan, alginate, gelatin, tissue-adhesive hydrogel 
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 P0115   Prediction of Metabolites Heavily Used in Cancer-associated Fibroblasts Using Their Genome-
scale Metabolic Models for Effective Cancer Treatment 
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Cancer-associated fibroblasts (CAFs) are a major component of tumor microenvironment (TME), which affects 
progression, proliferation, and immune response of proximal cancer cells. Especially, interactions between CAFs 
and cancer cells via metabolites have profound effects on metabolic reprogramming of the cancer cells. To identify 
novel CAF metabolites that would affect cancer cells, genome-scale metabolic models (GEM) of CAFs were 
reconstructed and subjected to the so-called metabolite-centric simulation that allows identifying metabolites 
heavily used in each CAF. In this study, a total of five CAF GEMs were reconstructed, including those originating 
from breast, colon, skin, lung, and pancreatic cancers. As a reference, a GEM representing a normal fibroblast 
from pancreas was also reconstructed. From the metabolite-centric simulation, metabolites heavily used in all the 
five CAF GEMs, in comparison with the normal fibroblast GEM, were identified, and curated via literature survey. 
Such metabolites were considered to be significantly associated with establishment of TME. These metabolites 
can serve as a blueprint for analyzing the metabolism of CAFs, and also provide clues for identifying effective 
drug targets. 
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 P0116   Development of Injection for Exogenous Mitochondrial Transplantation for Tendon 
Regeneration 
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Tendinopathy is degeneration of the collagen protein that forms the tendon with inflammation causing pain and 
dysfunction. Tendinopathy is caused by oxidative stress and mitochondrial dysfunction caused by tendon overuse 
or sudden stress. Current physical therapy, treatments and surgical procedures reduces pain and inflammation, but 
does not significantly affect tendon recovery. The purpose of this study is to develop a new tendon regenerative 
treatment by injecting mitochondria into tendinopathy model. Exogenous mitochondria were delivered into 
damaged tenocyte by using hyaluronic acid as support to fix the mitochondrial position. Mitochondria transplan-
tation decrease intracellular oxidative stress and inflammation levels significantly. Mitochondrial delivery has 
been shown to decrease the pro-apoptotic marker Bax and increase the anti-apoptotic marker Bcl-2. ATP synthesis 
of damaged tenocyte was restored by exogenous mitochondria. Protein level of tendon-specific marker 
tenomodulin were increased. Our results demonstrate the therapeutic effects of direct mitochondrial transplanta-
tion in tendinopathy. 
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The monoclonal antibody (mAb) drugs have become the predominant treatment modality for various diseases, 
including cancer and autoimmune disease. It has been reported that the accumulation of charge variants in the 
therapeutic mAb can affect the efficacy and stability of the mAb drug. However, proper analytical methods for 
the assessment of mAb charge variants still remain to verify. In this study, we compared two methods (CEX-
HPLC, cIEF) which are used to measure the charge variants of anti-TNF-α mAb drugs; adalimumab and 
infliximab. The applicability of the charge variant test methods was verified according to the ICH guidelines. In 
the validation study, the accuracy of the CEX-HPLC and cIEF was 93~103% and 99~109%, respectively. The 
repeatability test for the methods resulted in a low %RSD (<1.3% for CEX-HPLC, 2.6% for cIEF). The reliability 
test for measuring the charge variants was also performed under pH stress on mAb drugs. From these results, we 
demonstrated that both CEX-HPLC and cIEF methods are reliable and robust methods to assess charge variants 
of mAb drugs, suggesting that these standardized test methods would contribute to improving the quality control 
of mAb drugs. 
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 P0118   Potential Biomarkers of Fertility in Old and Young Dogs 
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The aim of this study was to find a difference between seminal plasma composition of old and young dogs to 
discover biomarkers of higher fertility in dogs. The 2nd and 3rd semen fractions were collected, The 2nd one was 
screened by computer-assisted sperm analysis, and cell staining. The 3rd one, or seminal plasma, was used to 
extract exosomes from it. Exosomes phenotype, size, concentration, and composition were confirmed by Western 
Blot, Nanoparticle tracking analysis, and proteomics. Results show a distinction between sperm quality in old and 
young dogs, with younger dogs exhibiting better parameters. Exosomes concentration didn’t differ in both groups. 
Old dogs carry significantly bigger exosomes. Whole protein profiling revealed the presence of 11670 proteins in 
common, 561 specific to old dogs, and 419 specific to young dogs. Proteins involved in cell division and 
proliferation, and with antioxidant activity were in higher proportions in young dogs exosomes. These results 
show the effect of age on seminal plasma proteins.  
** This study was supported by a cooperative research program of Rural Development Administration 
(#PJ014786012022). 
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 P0119   Development of Next-generation Human Growth Hormone Receptor Antagonist for the 
Treatment of Acromegaly 
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Acromegaly is a syndrome caused by hypersecretion of growth hormone (GH) and Insulin-like growth factor-1 
(IGF-1). The global pharmaceutical market is estimated to reach $2.2B in 2029. Pegvisomant, a GH receptor 
antagonist, has the strongest effect in lowering IGF-1. However, it has several limitations such as daily 
administration, freeze-drying formulations, and high expenses ($3,500~5,000/months). 
ALT-B5, a long-acting GH receptor antagonist fusion protein, had superior characteristics compared to 
Pegvisomant in increased binding ability with the receptor and inhibition of GH receptor signaling system. In in 
vitro system, ALT-B5 significantly inhibited the hGH signal by increasing the hGH receptor binding force by 
more than 10-fold. ALT-B5 reduced IGF-1 with higher efficacy than Pegvisomant in acromegaly mouse model, 
and reduced IGF-1 levels with high efficacy even with different administration cycles in a normal rabbit test. 
ALT-B5, the active substance of this study, is expected to be a new drug that can improve the quality of life of 
patients with acromegaly because it increases the drug administration cycle and enables a liquid formulation. 
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 P0120   Analgesic Effects of Naringin by Transient Receptor Potential Vanilloid Member 1 
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TRPV1 is activated in response to capsaicin, protons, temperature, and free reactive oxygen species (ROS) 
released from inflammatory mol-ecules after exposure to harmful stimuli. The expression level of TRPV1 is 
elevated in the dorsal root ganglion, and its activation through capsaicin and ROS mediates neuropathic pain in 
mice. Its expression is high in peripheral and central nervous systems. Although pain is a response evolved for 
survival, many studies have been conducted to develop analgesics, but no clear re-sults have been reported. Here, 
we found that naringin selectively inhibited capsai-cin-stimulated inward currents in Xenopus oocytes using two-
electrode voltage-clam. The results of this study showed that naringin has IC50 value of 33.3 μM on TRPV1. The 
amino acid residues D471 and N628 of TRPV1 were involved in its binding to naringin. Our study bridged the 
gap between the pain suppression effect of TRPV1 and the preventive effect of naringin on neuro-pathic pain and 
oxidation. Naringin had the same characteristics as a model selective antagonist, which is claimed to be ideal for 
development of analgesics targeting TRPV1. Thus, this study suggests the applicability of naringin as a novel 
analgesic candidate through antioxidative and analgesic effects of naringin. 
 
Keywords : naringin, antioxidant, analgesic effects 
 
 
  

Advanced Biotechnology for Human Society2022 한국생물공학회 춘계학술발표대회 및 국제심포지엄
2022 KSBB Spring Meeting and International Symposium

240



 P0121   Various Regulation of Serotonin Receptor by Chanoclavine 
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Irritable bowel syndrome (IBS) is a chronic disease that causes abdominal pain and an imbalance of defecation 
patterns due to gastrointestinal dysfunction. The cause of IBS remains unclear, but intestinal-brain axis problems 
and neurotransmitters have been suggested as factors.Electrophysiological experi-ments were conducted using 
two-electrode voltage-clamp analysis to observe the inhibitory ef-fects of chanoclavine on Xenopus oocytes in 
which the h5-HT3A receptor was expressed. The co-application of chanoclavine and 5-HT resulted in 
concentration-dependent, reversible, volt-age-independent, and competitive inhibition. The 5-HT3A response 
induced by 5-HT was blocked by chanoclavine with IC50 values of 107.2 µM. Docking studies suggested that 
chanoclavine was positioned close F130 and N138 in 5-HT3A receptor binding site. The double mutation of 
F130A and N138A significantly attenuated interaction of chanoclavine compared to a single mutation or the wild-
type. These data suggest that F130 and N138 are important sites for ligand binding and activity. Chanoclavine 
and ergonovine have different effects. 
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 P0122   Probiotics Supplementation Enhances Semen Volume and Concentration, Antioxidant Defenses, 
and Motility 
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The aim of this study was to evaluate probiotics supplementation effects on dog sperm and their antioxidant 
defenses. Fertile beagles were supplemented with probiotics for 6 weeks. The 2nd and 3rd semen fractions, which 
are the sperm-rich fraction and the seminal plasma respectively, were collected before and after 6 weeks of 
supplementation, and their volume was calculated using graduated tubes. The 2nd fraction was analyzed using 
computer-assisted sperm analysis. RNA was extracted from pellets; cDNA was synthesized, and expression of 
genes involved in antioxidant defenses was quantified by RT-PCR. Sperm concentration was significantly 
enhanced after 6 weeks, along with sperm total and progressive motility. Sperm and seminal plasma volumes were 
higher, in comparison with week 0. Relative expressions of antioxidant were significantly increased after 
supplementation. These results indicate that probiotics supplementation enhances canine sperm oxidative 
defenses, and sperm quality parameters.  
** This study was supported by a cooperative research program of Rural Development Administration 
(#PJ014786012022). 
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 P0123   Targeting Antifungal Agent to C. albicans with Antifungal Peptide-displayed PLGA Micelles 

 
Taeuk GUK, Mi-Kyeong JANG 
Department of Chemical Engineering, Sunchon National University, Suncheon, Korea 
Corresponding Author Email : jmk8856@scnu.ac.kr 
 
In global, there are several million individuals with life-threatening invasive fungal diseases and their mortality 
rate exceeds 40%. However, currently available antifungal drugs do not completely control these diseases, 
because long and low dose administration of drug, drug-resistant fungi, and limited drug types. We reported 
previously antifungal peptides with ‘histidine-lysine-lysine (HKK)’ motif, resulted in a length-dependent 
antifungal activity against fungal pathogens via membranolytic action or intracellular ROS generation. Present 
study was designed a drug-encapsulated PLGA nanoparticle targeted specifically to where the pathogen is in vivo 
body, through binding to the fungal cell walls. HKK-micelles showed order of magnitude increases in the binding 
to and killing of Candida albicans strains in vitro and similarly improved efficacy in mouse models of pulmonary 
candidiasis. Results proposed that our nanoparticle is able to use as a platform with both therapeutic and diagnostic 
capacities. 
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 P0124   Attenuation of Obesity with Synergistic Anti-lipogenic and Anti Adipogenic Effects of Natural 
Products by Suppression of Associated Promoting Signaling Pathways 
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Obesity is a general 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, and Catenin 
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. 
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 P0125   Saponins Isolated from Green Tea Seed Exerts in vitro and in vivo Antibacterial Activities 
Against Various Serovers of Salmonella 
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The antibiotic effects of green tea extracted saponins in vitro and in vivo activities of were explored against various 
bacteria strains. Saponins were extracted from the crude ethanolic extract of green tea seed via column 
chromatography using macropourus resin (D101) followed by HPLC. Bacteria strains i.e. Escherichia coli (ATCC 
25922), Streptococcus mutans (ATCC 25923) and six servers of Salmonella were used to nvestigate and assessed 
the antibacterial effects of the extracted saponins. 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 revealed that 
saponins possess antibacterial effects. in vivo antibacterial activities of the green tea seed saponins were 
investigated in poultry chickens divided in three groups as control, infected and treatment group. The qRT- PCR 
analysis of bacteria specific genes sequences in different group’s animals revealed the presence of bacteria in the 
blood and feces samples of infected groups while reduce detection was recorded for treatment group and 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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 P0126   Neuroprotective Effects of Green Tea Seed Isolated Saponin due to the Amelioration of 
Tauopathy and Alleviation of Neuroinflammation 
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Tauopathy is one of the major causes of neurodegeneration and a hallmark ofAlzheimer’s disease (AD). Several 
kinases are involved in the phosphorylation of tau, while phosphatases are involved in its dephosphorylation, an 
imbalance between the two leads to hyperphosphorylation and finally the formation of PHF and NFT leading to 
tauopathy, neuroinflammation and neurodegeneration. To investigate the anti-tauopathy and anti-neuroinflam-
matory effects of green tea seed isolated theasaponin E1 in neuroblastoma and glioblastoma cells, respectively 
and to elucidate the mechanism of the neuroprotective effects. The neuroprotective effects of the green tea seed 
isolate, theasaponin E1, were assessed using SHY-5Y cell lines and HTB2 glial cells. The effects of theasaponin 
E1 on the expression of tau-generating and phosphorylation-promoting genes were determined using RT- PCR, 
ELISA, and western blotting. Cells were subsequently treated with different concentrations of theasaponin E1 and 
examined to determine the enzymatic activities, mRNA, and protein expression. theasaponin E1 was found to 
reduce hyperphosphorylation of tau, and Aβ concentrations significantly and dose-dependently by suppressing 
the expression of GSK3 β, CDK5, CAMII, MAPK, EPOE4(E4), and PICALM, and enhanced the expression of 
PP1, PP2A and TREM2. According to the ELISA and western blotting results, the levels of APP, Aβ, and p-tau 
were reduced by treatment with theasaponin E1. Moreover, theasaponin E1 reduced inflammation by suppressing 
the Nf-kB pathway and dose-dependently reducing the levels of inflammatory cytokines such as IL-1beta, IL-6, 
and TNF-alpha etc.  
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 P0127   Biogas Production from Swine Manure Slurry and Dairy Cow Manure Mixture 
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Anaerobic digestion of livestock manure is one of the technologies attracting attention as a technology for 
livestock manure management, production of renewable energy and carbon emission reduction technology in 
agriculture. The aim of this study is to investigate the biogas production by anaerobic co-digestion using swine 
manure slurry(SM) and dairy cow manure(DM). Biochemical methane potential(BMP) test was carried out to 
evaluate the characteristics for co-digestion of SM and DM. The test was performed at different SM : DM mixing 
ratios. The BMP test showed that more methane was produced as the DM fraction increased. However, anaerobic 
digestion with only DM not mixing SM was required long time of the lag phase for biogas production. Among 
the experimental conditions, biogas production was the highest under the experimental condition of SM and DM 
mixing ratio of 1:1.5. 
** This work was supported by Korea Institute of Planning and Evaluation for Technology in Food, Agriculture 
and Forestry(IPET) and Korea Smart Farm R&D Foundation(KosFarm) through Smart Farm Innovation 
Technology Development Program, funded by Ministry of Agriculture, Food and Rural Affairs(MAFRA) and 
Ministry of Science and ICT(MSIT), Rural Development Administration(RDA)(421045-03-2-HD020). 
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 P0128   Effect of Soil Bacterial Community in Paddy Field under Organic Rice-Fish Mixed Farming 
System 
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In this study, we investigated the bacterial community structure in organic rice-fish mixed farming paddy soil by 
using high-throughput sequencing technology. The results showed that compared with the organic rice cultivated 
soil, the content of AP(available phosphorus) increased by 310.23 % and the content of OM(organic matter) 
increased by 168.83%. The most abundant phyla in paddy soils were Proteobacteria, Bacteriodetes and 
Chloroflexi, whose relative abundance was above 47.83%. Among the dominant genera, the relative abundance 
of Limisphaera in paddy soils. Alpha diversity indicated that the bacterial diversity of paddy soils were similar. 
The bacterial community structure was affected by the relative abundance of bacteria, not the species of bacteria. 
Principal Coordinated analysis(PCoA) showed that the bacterial communities in organic rice-fish mixed farming 
soil and organic paddy soil were correlated. Our finding showed that the bacterial community structure was 
distinct in paddy soil under organic rice-fish mixed farming system, organic paddy cultivation, and conventional 
rice cultivation. These results can provide basal support for improving ecological value for improving organic 
agri-cultivation technology. 
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 P0129   Anti-biofilm Effects of PS1-3 Peptide on the Soft Contact Lens Against Candida albicans 

 
SoYoung PARK, Mi-Kyeong JANG, Seong-Cheol PARK 
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Although Candida albicans is a harmless commensal fungus of human in normal condition, it is able to become 
pathogenic in some immunologically weak and immunocompromised people. Some candidiasis caused by 
multidrug-resistant Candida spp. is difficult to treat antifungal agents. Furthermore, biofilm, which is microbial 
community that causes serious chronic infections on mucous membranes, induces a significantly increase of drug-
resistance. Antimicrobial peptides by demand for new materials having different modes of antifungal action are 
regarded as one of the promising antifungal agent. In this study, we investigated the antibiotic effects of PS1-3 
peptide and conventional antibiotic on the planktonic growth, biofilm formation, and biofilm reduction of drug-
resistant C. albicans. In particular, PS1-3 peptide showed potent inhibitory and reductive actions in biofilm-
formation and on preformed biofilm on soft contact lens, respectively.  
** The results suggest that PS1-3 peptide has potential as a next-generation antifungal agent to overcome 
multidrug-resistance and to manage in biofilm-associated infections (NRF-2019R1I1A3A01062547). 
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 P0130   Synthesis of Oxidation, Temperature and NIR Sensitive Poly(N-vinylcaprolactam-co-
Hydroxyethyl acrylate-co-Phenyl vinyl sulfide) and Poly(N-vinylcaprolactam-co-N-vinylpyrrolidone-co-
Phenyl vinyl sulfide) Micelles 

 
Soo Chan PARK, Jin-Chul KIM 
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N-vinylcaprolactam (NVCL) exhibits lower critical solution temperature (LCST) behavior at about 32 °C when 
copolymerized. Hydroxyethyl acrylate (HEA) and N-vinylpyrrolidone (NVP) are hydrophilic monomers. Phenyl 
vinyl sulfide (PVS) is an oxidation-sensitive hydrophobic monomer. Polymers sensitive to oxidation and 
temperature are synthesized using NVCL, HEA, NVP, and PVS using the free radical reaction method. The 
synthesis ratio of NVCL, HEA, NVP, and PVS was confirmed through the NMR spectrum. By measuring the 
optical density value using a UV spectrophotometer, the LCST change according to the PVS content and the 
LCST change according to the treated H2O2 concentration were observed.  Surface tension was measured before 
and after oxidation using the Ring method. Critical Micelle Concentration was measured using nile red, which is 
a hydrophobic dye. Micelles for each polymer were prepared by dialysis. It was confirmed that the micelles were 
spherical particles through TEM measurement, and the size distribution was indicated through image analysis. 
Measure the size and zeta potential of micellar particles. 
 
Keywords : temperature and oxidation sensitivity, drug delivery system, triple bond polymerization 
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 P0131   Ion Exchange-HPLC Method Development for Simultaneous Determination of Charge Variants 
of Collagenase Class Ⅰ and Ⅱ 
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Collagenases are enzymes that recognize and break the peptide bonds in collagen. The collagenases are available 
as process materials for cell separation and raw materials for biopharmaceuticals. The collagenases are classified 
into class Ⅰ and Ⅱ according to their structures and enzymatic abilities [1]. In general, ion exchange-HPLC (IEX-
HPLC) method was utilized by a general-purpose protein analysis-based method without analyte-specific 
optimization process. Therefore, it is very difficult to sensitively identify charge variants and it does not work 
simultaneously. To overcome this limitation, we developed an optimized IEX-HPLC method that can 
simultaneously analyze two collagenase classes for identifying charge variants. By using recombinant collagenase 
class Ⅰ and Ⅱ, IEX-HPLC method optimization was performed by comparing various conditions such as mobile 
phase, gradient, and injection amounts. As a result, we successfully developed IEX-HPLC method for colla-
genases which shows greatly enhanced purity determination performances, and which can be analyze collagenase 
class Ⅰ and Ⅱ simultaneously. 
 
Keywords : collagenase, ion exchange-HPLC, method development, recombinant protein, charge variants 
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 P0132   Primer Set for Reverse Transcription-Loop Mediated Isothermal Amplification (RT-LAMP) for 
Diagnosis of Viral Hemorrhagic Septicemia Virus (VHSV) 
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Viral hemorrhagic sepsis (VHS) is a disease in salmonid fish farmed in Europe and halibut farmed in East Asia. 
Mortality rate depends on environmental conditions, and it is known that it is usually 10~80%. 
In Korea, RT-PCR is mainly used for the diagnosis of viral hemorrhagic septicemia virus (VHSV) because of 
high sensitivity and specificity. Although it has the advantage of being excellent, it is limited to use in the fish 
farm because it requires specialized technology and complicated equipment. 
Therefore, it is required for the development of a technology capable of rapidly and accurately detecting the viral 
hemorrhagic sepsis virus (VHSV) without any complicated equipment. 
For the rapid point of care diagnosis, loop mediated isothermal amplification (LAMP) is one of the most well-
known molecular diagnostic methods that is significantly rapid, and do not require any complicated equipment, 
which aids in cost reduction for detection of target nucleic acid[1]. 
In this presentation, the new primer set for RT-LAMP assay is developed for diagnosis of VHSV RNA. Under 
optimized condition, without the requirement of complicated equipment for heat treating, 58 fM of viral RNA 
was detected with fluorescently visible signals. 
 
Keywords : VHSV, LAMP, isothermal amplification 
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 P0133   Hydrophobicity-Optimized Cationic Polymer Improves NKG2D mRNA Transfection Efficiency 
on Human Natural Killer Cells 
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Immunotherapy via mRNA delivery has been considered as a potent approach to kill cancer. Natural killer (NK) 
cells are a major player for anticancer therapy by its intrinsic ability that kills tumor through surface recognition 
and subsequent secretion of cytotoxic enzymes. However, NK cells’ comparatively slow metabolism that results 
in low translation is considered as a critical hurdle to express enough target mRNA. We have developed cationic 
polymer, PAsp(DET/CHE) for enhanced ex vivo mRNA delivery into NK cells, which was optimized by 
considering intercellular uptake and endosomal escape abilities. We delivered NKG2D mRNA, which mediates 
NK cell activation by binding to cancer cell’s NKG2D ligands to enhance immune response. GreenLantern-
NKG2D fusion protein was prepared to validate both traceable fluorescence intensity and accurate surface 
receptor gene delivery. Successful mRNA expression was evaluated by confocal laser scanning microscopy and 
flow cytometry. The results showed more than 13% NK cells expressed the fusion protein. This study 
demonstrated high performance of PAsp(DET/CHE) to overcome inherent poor mRNA translational efficacy in 
the NK cells. 
 
Keywords : cationic polymer, mRNA therapeutics, nanomedicine, cancer immunotherapy, NK cell 
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 P0134   Effects of Surface Modified Polycaprolactone by Plasma Reactive Ion Etching on Osteoblast 
Differentiation 
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Plasma Reactive Ion Etching (RIE) is an effective technique to positively modify the surface of biomaterials for 
cellular response. In this study, the polycarprolactone (PCL) surface was modified through RIE, and then the 
surface properties and osteogenic differentiation of mesenchymal stem cells (MSCs) were investigated. The RIE 
process was carried out 3, 5 and 10 min at power 100 W, pressure 100 mTorr, O2 flow rate 100 sccm. O2 level on 
the PCL surface was confirmed with XPS analysis, and surface roughness and wettability were verified with AFM 
and contact angle. The PCL surface modified by RIE showed the increase of surface roughness and wettability. 
The MSCs proliferation and migration were improved by RIE. Western blot result showed that the levels of 
osteogenic markers were increased by RIE.  
** Taken together, RIE-treated PCL material improves biocompatibility, and positively affect to osteoblast 
differentiation. (No. NRF- 2021R1A4A1030243). 
 
Keywords : surface modification, plasma reactive ion etching, polycaprolactone, osteoblast differentiation 
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 P0135   Correlations of GDP per Capita on the Case Fatality for Covid-19 Pandemic and Regional 
Differences 

 
Hei Chan LEE 
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The human casualties due to Covid-19, which was first reported in December 2019, were compared on a national 
base and analyzed regional bases. Even though numbers of confirmed cases and deaths are typical examples of 
damages from Covid-19, national case fatality – number of deaths per confirmed case – data were used in this 
paper. Initially fatality data went through up and down, and after around 300 days became stabilized compared to 
initial values and fatlity values exhibited differences between countries and regions. Correlation between fatality 
and gdp per capita(hereafter, gdp/C) of nations were found and decreasing trend of fatality with larger gdp/C, with 
different gradients between groups of countries in the regions. This trend was more clear in Africa and Europe, 
especially in eastern european countries and countries in northern and southern parts of Africa. 
 
Keywords : Covid-19, case fatality, asymptomatic, gdp per capita, region 
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 P0136   Anti-inflammatory Effects of Cold Atmospheric Plasma on Inflammation in Human Gingival 
Fibroblast Cells Induced by Lipopolysaccharide 
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The aim of this study is to study the anti-inflammatory effects of cold-atmospheric plasma (CAP) against human 
gingival fibroblast-1 (HGF-1) cells for application in periodontitis treatment. Customized CAP apparatus was 
designed for periodontal study in vitro. For inflammation study, HGF-1 cells were treated with lipopolysaccharide 
(LPS) and then cell viability was determined using MTT cell proliferation assay. The inflammatory response was 
evaluated with the levels of inflammatory cytokines including interleukin (IL)-6, 8, and TNF-α using enzyme-
linked immunosorbent assay. The CAP treatment against HGF-1 cells was not significantly affected to the 
viability of cells until 30 s and cell morphology was not significantly modified. When LPS was treated to HGF-
1cells, secretion of inflammatory cytokines such as IL-6, IL-8 and TNF-α was increased compared to the control 
group. Furthermore, cell viability was also decreased by treatment of inflammatory cytokines. However, the 
secretion of inflammatory cytokines from LPS-treated HGF-1 cells was significantly decreased when CAP was 
treated to cells. Furthermore, cell viability was also increased compared to LPS-treated cells. We suggest CAP as 
a promising candidate to control inflammatory reaction in periodontal disease 
** Acknowledgement: This work was supported by the National Research Foundation of Korea (NRF) grant 
funded by the Korea government (MSIT) (No. 2020R1A2C2008540). 
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 P0201   Seasonal Variation of Triterpenoic Acids in Syzygium formosum (Wall) Masam Leaves 
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Syzygium formosum (Wall.) Masam (SF) leaves and their extract have been used for traditional herbal medicine 
in Vietnam. The anti-cancer, antimicrobial, and anti-inflammatory effects of SF leaves have been reported due to 
various triterpenoid components found in the leaves. Triterpenoids are the carbon skeleton components composed 
of six isoprene units, including the lanosterol, a precursor for cholesterol synthesis. Lupeol and amyrins were two 
major triterpenoids classes that contain the betulin, asiatic acid, corosolic acid, and betulinic acid. A compre-
hensive analysis of all triterpenoids is challenging due to their structural similarity and molecular weight 
closeness. In this study, we developed an analytical method for the triterpenoid acids having the same m/z by 
comparing the product ion ratio generated under the collision energy of LC/QQQ. The established method was 
applied to a comparative study of triterpenoids in SF leaf extracts collected from different seasons. The 
triterpenoids content in the SF leaves was significantly higher in the autumn samples than in the other seasonal 
samples. And, there were no significant differences in spring, summer, and winter samples. 
 
Keywords : Syzygium formosum (Wall.) Masam leaves, Triterpenoids, LC/QQQ 
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 P0202   Effect of Probiotics and Short-Chain Fatty Acids on Parkinson’s Disease through the Gut-Brain 
Axis 
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Parkinson's disease is a neurodegenerative disease caused by the gradual destruction of dopamine nerves in the 
part of the brain called the substantia nigra. Many researches have recently shown that gut microbiome is involved 
in Parkinson's disease through the gut-brain axis and short-chain fatty acids (SCFAs). In this study, we 
investigated the neuroprotective effect of specific lactic acid bacteria (LAB) strains and SCFAs using a soil 
nematode Caenorhabditis elegans model system. The LAB strains screened from the library significantly 
prevented a neurodegenerative locomotive behavior of wild-type C. elegans strains and produced higher 
concentration of some of SCFAs. These results demonstrate an anti-Parkinson’s disease effect of probiotic 
bacterial strains through the SCFAs-involved mechanism.   
 
Keywords : C. elegans, Parkinson's disease, probiotics, short-chain fatty acids (SCFAs), gut-brain axis 
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 P0203   Functional Characterization of α-1,5-Specific α-L-Arabinofuranosidase GH43 and Debranching 
β-L-Arabinopyranosidase GH27 from Schleiferilactobacillus harbinensis 
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From the genome of Schleiferilactobacillus harbinenesis DSM 16991, two putative genes encoding the 
intracellular α-L-arabinofuranosidase (EC 3.2.1.55, SlhABF43C), and β-L-arabinopyranosidase (EC 3.2.1.88, 
SlhABP27) were discovered, cloned, and expressed in Escherichia coli MC1061. The open reading frames 
of SlhABF43C and SlhABP27 consist of 990 nucleotides (330 amino acids, 37.8 kDa) and 1,239 nucleotides (413 
amino acids, 46.1 kDa), respectively. SlhABF43C could efficiently produce L-arabinose from the debranched 
arabinan and linear arabinooligosaccharides. These results suggested that SlhABF43C can specifically cleave the 
terminal α-1,5-L-arabinofuranosidic linkages from any debranched substrates, not α-1,2- and α-1,3-linked 
arabinofuranosyl branches. On the other hand, SlhABP27 showed only the specific activity against p-nitrophenyl-
β-L-arabinopyranoside, not against any other α-L-arabinofuranosidic substrates. As a result, the main role 
of SlhABP27 is likely to remove the terminal β-L-arabinopyranose branches from the non-reducing end of each 
substrate. The synergistic actions of these exo-hydrolases are expected to facilitate the efficient degradation of 
arabinan polymers. 
 
Keywords : Schleiferilactobacillus harbinensis, α-L-Arabinofuranosidase GH43, β-L-Arabinopyranosidase 
GH27 
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 P0204   Development of Chitosan-based Films Reinforced with Lignocellulose Nanofibers (LCNF) from 
Fermentation Residues 
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Lignocellulose nanofibers (LCNF), a nano-sized lignocellulosic biomass, have the properties of less polarity, more 
hydrophobicity, and higher thermal stability than cellulose nanofibers. In general, bioethanol and biochemicals 
are produced from lignocellulosic biomass after consecutive processes such as pretreatment, enzymatic 
hydrolysis, and microbial fermentation. In this study, we are focused on materialization of final residues obtained 
after overall processes. Rice husk (100 g dry wt. basis) was processed, giving 4.27 g of xylose after acidic 
pretreatment, and 8.62 g of ethanol after saccharification using CTec2 and fermentation using Saccharomyces 
cerevisiae D5A. The residues from rice husk slurries after fermentation. were mechanically treated at 37,000 rpm 
to produce LCNF, and then, LCNF films were prepared by mixed with chitosan solution. The morphological and 
chemical structures of chitosan/LCNF film were analyzed by Scanning Electron Microscope (SEM) and Fourier 
transform infrared spectrometer (FT-IR), respectively, showing successful incorporation and dispersibility of 
LCNF into chitosan. Also, addition of LCNF led to the film opacity increase of up to 20.38% compared with pure 
chitosan film. The mechanical properties were analyzed by universal testing machine (UTM) and young’s 
modulus was showed the maximum increase of 3.81%. In conclusion, the LCNF could be produced successfully 
from biorefinery wastes and utilized as a filler for biodegradable plastics. 
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 P0205   Characteristic Alteration of Kimchi Metabolome Unique to Single Inoculation of Major Bacteria 
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Lactic acid bacteria (LAB) are the representative microorganisms for kimchi fermentation, which include genera 
such as Lactobacillus, Weissella, and Leuconostoc. Although many studies have reported the details on the 
microbial characteristics, few studies have focused on the association between bacterial growth and the 
consequent alteration in the metabolites. Accordingly, in this our current experiment, we profiled unique 
metabolic phenotype of the individual bacteria in time-dependent manner. Kimchi was fermented by Lactobacillus 
sakei, Leuconostoc mesenteroides, and Weissella confuse, respectively for six weeks. The metabolites of the 
kimchi broth were profiled by gas chromatography time-of-flight mass spectrometry. A total of 118 metabolites 
were structurally annotated, including amino acids, carbohydrates, fatty acids, etc. We first identified microbial-
unique metabolic features along with fermentation period, and subsequently discovered common metabolic 
signatures as well. This study proposes characteristic kimchi metabolome driven by the major kimchi 
microorganism, which will deepen the understanding fermented mechanism of individual bacteria in mixed 
culture fermentation. 
  
Keywords : Kimchi, lactic acid bacteria, metabolomics 
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 P0206   Degradation of Poly-γ-Glutame into L-Glutamate via exo-Hydrolytic Actions of γ-
Glutamyltranspeptidases 
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γ-Glutamyltranspeptidase (GGT) is an exo-type peptidase with unique transpeptidation activity, which is an 
important biological catalyst to synthesize γ-glutamyl compounds in fermented foods. Particularly, autocatalytic 
cleavage process is the unique mechanism for the formation of heterodimeric GGT consisting of large and small 
subunits. In the genomes of Bacillus spp. producing poly-γ-glutamate (γ-PGA), GGTs have been found as 
main exo-type γ-PGA-degrading enzymes. In this study, three different exo-GGTs (BaGGT, BlGGT, and BsGGT) 
from B. amyloliquefaciens, B. licheniformis, and B. subtilis were comparatively investigated for their hydrolytic 
modes of γ-PGA degradation. Most of GGTs showed the highest activity on γ-PGA at neutral pH 7.0~8.0, whereas 
the highest transpeptidation activity on γ-glutamyl-p-nitroanilide (γ-GpNA) at alkaline pH from 8.0 to 10.0. 
BaGGT and BlGGT showed the highest activities on γ-PGA at pH 7.0 and 8.0, respectively. Especially, BaGGT 
showed approximately four times higher hydrolytic activity on γ-PGA polymer than that of BlGGT. 
 
Keywords : Poly-γ-glutamate (γ-PGA), γ-Glutamyltranspeptidases (GGTs), Bacillus spp. 
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 P0207   Metabolic Engineering of Yeast for Ethanol Production by CO2-Fixation 
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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 declared to achieve carbon neutrality by 
reducing carbon dioxide (CO2) emissions. Recently, various industries such as bioethanol and chemical 
production rely on yeast fermentation. In the yeast fermentation process, CO2 emission into atmosphere is 
inevitable. Therefore strategies for reducing CO2 during yeast fermentation should be developed. The purpose of 
this study is to develop a CO2 fixation Saccharomyces cerevisiae strain for carbon neutrality in bioprocess. First, 
we constructed xylose oxidoreductase pathway to produce precursor of CO2 fixation pathway in S. cerevisiae. 
Then, Ribulose-1,5-bisphosphate carboxylase-oxygenase (RuBisCO) and CO2 fixation pathway related genes 
were introduced by Cas9-genome editing. To increase the efficiency of the CO2 fixation pathway, RuBisCO and 
related genes were overexpressed. The increase of RuBisCO copy number in the final strain SJ03 was confirmed 
by RT-qPCR, and showed the highest RuBisCO enzyme activity than control strain. Moreover, ethanol yield was 
improved by CO2 fixation during fermentation. These results can suggest that overexpression of CO2 fixation 
pathway in S. cerevisiae could be a strategy to reduce CO2 emission in bioprocess. 
 
Keywords : CO2 recycling, xylose fermentation, CRISPR/Cas9, delta-integration strategy 
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 P0208   Hydrolytic Modes of Action and Substrate Specificity of exo-Type Hemicellulose-Hydrolases 
from Bifidobacterium dentium 
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Two α-L-arabinofuranosidases (BfdABF1 and BfdABF3) and a β-D-xylosidase (BfdXYL2) genes were cloned 
from Bifidobacterium dentium, and functionally expressed in E. coli. BfdABF1 could hydrolyze p-nitrophenyl 
arabinofuranoside, arabinooligosaccharides (AOS), arabinoxylooligosaccharides (AXOS), whereas hardly 
hydrolyzed polymeric substrates such as debranched arabinan and arabinoxylans. BfdABF1 is a typical exo-ABF 
with the higher specific activity on the oligomeric substrates than the polymers. It preferred to α-1,2-L-arabino-
furanosidic linkages compared to α-1,3-linkages. Meanwhile, BfdABF3 showed the exclusively high activities on 
AXOS. BfdABF3 mainly catalyzes the removal of L-arabinose side chains from various AXOS. BfdXYL2 
specifically hydrolyzed p-nitrophenyl xylopyranoside and xylooligosaccharides (XOS). Also, BfdXYL2 could 
slowly hydrolyze AOS and AXOS. These intracellular exo-hydrolases can synergistically degrade polymeric 
substrates such as AOS, XOS, and AXOS to produce L-arabinose and D-xylose sugars. 
 
Keywords : Bifidobacterium dentium, α-L-Arabinofuranosdiases, β-Xylosidase 
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 P0209   Functional Expression and Enzymatic Characterization of Schleiferilactobacillus 
shenzhenensis L-Arabinose Isomerase Converting L-Arabinose into L-Ribulose 
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L-Arabinose isomerase (LAI, EC 5.3.1.4) catalyzes the isomerization between L-arabinose and L-ribulose. A gene 
encoding LAI was found and cloned from the ara operon within the genome of Schleiferilactobacillus 
shenzhenensis, and its open reading frame consists of 1,434 nucleotides encoding 477 amino acids. SlsLAI shares 
67 and 70% of amino acid sequence identities with those from Limosilactobacillus fermentum and 
Lactiplantibacillus plantarum, respectively. The recombinant SlsLAI with C-terminal six-histidine tag (molecular 
mass of ~55 kDa) was overexpressed from Escherichia coli and purified as an active and soluble form by using a 
Ni-NTA chromatography. Enzyme activity of SlsLAI was measured with the amount of L-arabinose reduced to 
L-ribulose by L-arabinose assay kit. In the presence of 50 mM borate and 1 mM Mn2+, SlsLAI showed much 
higher conversion yield (up to 77%) from L-arabinose to L-ribulose at alkaline pH 10.0 and 37℃ than at acidic 
pH 5.0 (the conversion yield of 15%). On the contrary, in the absence of borate, SlsLAI showed very low level of 
L-ribulose production (~10%). 
 
Keywords : L-Arabinose isomerase (LAI), Schleiferilactobacillus shenzhenensis, L-Ribulose production 
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 P0210   Discrimination of the Origins of Red Seabream (Pagrus major) and Mud Loach (Misgurnus 
mizolepis) Using a Metabolomics Approach 
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To identify the origin of fishery products is important but challenging. The origin of aquatic organisms is 
determined by the sea area in which they are caught. It is difficult to determine the origin of fish species based on 
phenotypes and genotypes. 
Accordingly, we examined if the habitat can be discriminated based on untargeted metabolomic approach. Two 
fishery species were under investigation as follows: red sea bream (Pagrus major) collected from Korea and 
Japan; mud loach (Misgurnus mizolepis) from Korea and China. 
A total of 95 and 105 metabolites were profiled from muscle tissue of red sea bream and mud loach, respectively. 
Amino acids and dipeptides were the most abundant in both species. We proposed the putative metabolic markers 
representing the unique ecological features using multivariate statistical models. The biomarker signature can be 
applied to authentic methodology such as on-site discrimination systems through future studies. 
 
Keywords : metabolomics, high resolution-mass spectrometry, origin discrimination 
 
 
  

Advanced Biotechnology for Human Society2022 한국생물공학회 춘계학술발표대회 및 국제심포지엄
2022 KSBB Spring Meeting and International Symposium

267



 P0211   Functional Expression and Characterization of Highly Thermostable endo-1,5-α-L-
Arabinanases from Arabinan-Utilization Gene Cluster in Thermotoga petrophila 
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Thermotoga spp. are well-known hyperthermophiles, which can grow in extremely high temperature environ-
ments such as undersea thermal vents. These bacteria can produce various highly thermostable enzymes being 
utilized for the industrial application. In the present study, two different types of endo-1,5-α-L-arabinanase (ABN; 
EC 3.2.1.99) genes were cloned from T. petrophila. The open reading frames of TpABN43A and TpABN43B 
consist of 1,416 nucleotides (471 amino acids, 53.5 kDa) and 1,428 nucleotides (475 amino acids, 53.8 kDa), 
respectively. These ABNs share 69.4% of amino acid sequence identity with each other. After the removal of N-
terminal signal peptide residues, the recombinant ABNs with C-terminal six histidines were functionally 
expressed in Escherichia coli BL21(DE3) and purified by Ni-NTA chromatography. Expectedly, these two 
hydrolases showed the highest activities on debranched arabinan at pH 6.0 and 75℃, and pH 5.5 and 85℃, 
respectively. TpABN43B hydrolyzes both debranched arabinan and sugarbeet (branched) arabinan, whereas 
TpABN43A can hydrolyze only debranched or linear substrates, not branched substrates. 
 
Keywords : endo-(1,5)-α-L-Arabinanases, Thermotoga petrophila, Hyperthermophile 
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 P0212   Ethanol Production Capability of Domestic Saccharomyces cerevisiae Isolates 
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Saccharomyces cerevisiae is a yeast used for food fermentation such as brewing and baking. Commercial yeast is 
imported and used in the spirits industry, characterized by high alcohol production capacity, fast fermentation 
rate, and resistance to high temperature. Therefore, to develop domestic yeast as a fermentation starter in the 
alcohol production industry, ethanol production capabilities of four hundred domestic S. cerevisiae isolates grown 
at 40°C for four days were evaluated using grain hydrolyzates. As a result, eight S. cerevisiae strains exhibited 
superior ethanol production than control strains such as D5A and BY4742. 
 
Keywords : Saccharomyces cerevisiae, ethanol, spirit, high alcohol production 
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 P0213   Isolation of Lactic Acid Bacteria with Antibacterial Activity against Escherichia coli from 
Fermented Foods 
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Urinary tract infection is known to be one of the most common diseases by bacteria infection. Pathogens that 
cause urinary tract infections have a high proportion of Enterobacteriaceae, such as Escherichia coli and 
Proteus genus, especially E. coli, account for 75% of all urinary tract infections. Treatment of urinary tract 
infections is usually done through empirical antibiotics. Still, developing a natural antibacterial agent is urgently 
needed due to the recent emergence of many resistant strains due to misuse of antibiotics. In this experiment, 
lactic acid bacteria were isolated from traditional Korean fermented foods, and their antibacterial activities were 
assessed against E. coli by disc diffusion assay. Two strains of Lactiplantibacillus plantarum isolated from 
fermented foods showed antibacterial activity against E. coli KCTC1682, KCTC2441 and were expected to 
contribute to the development of natural antibacterial agents. 
 
Keywords : lactic acid bacteria, antibacterial activity, urinary tract infection, Escherichia coli 
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 P0214   [Review] Scaffolding Biomaterials for Cultivated Meats: Cell Adhesion 

 
Seo Hyun NA, Hyung Joon CHA 
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Cultured meat is a promising solution to replace meat, while meat production runs into the limits with negative 
problems. By culturing loose myosatellite cells on a substrate, it is probably possible to produce cultured meat by 
harvesting mature muscle cells after differentiation and processing them into various meat products. Techno-
logical advances in organoleptic and nutritional properties are necessary for a complete replacement. Scaffolding 
is essential for the development of organized meat products resembling steaks because it provides the mechanical 
stability needed by cells to attach, differentiate, and mature. Many scaffolding technologies are already developed 
for use in biomedical tissue engineering. This poster reviews several biomaterials that can control cell adhesion 
in scaffolds. Discussion are provided for future research into scaffolds, capable of supporting the growth of high-
quality cell adhesion. This will form a basis for both further academic research in the field of cultured meats and 
the wider field of tissue engineering-based cellular agriculture. 
 
Keywords : cultured meat, cell-based meat, cultivated meat, lab-grown meat, scaffolds, tissue engineering, 
alternative proteins, cellular agriculture 
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 P0215   Extraction and Determination of Menaquinone in Spinach Fermented by Lactic Acid Bacteria 

 
Hyunsol JO, Sunmee HONG 
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Vitamin K is a fat-soluble vitamin, and there are two different forms in nature; vitaminK1 (VitK1; phylloquinone), 
which is mainly found in the plant and vitaminK2 (VitK2; menaquinone), which is mainly found in animal tissue 
or bacterial conversion of VitK. 
In them, MKn, isomers of VitK2 functions as prevention of cancer, osteoporosis, and cardiovascular disease and 
the synthesis of proteins involved in hemostasis (blood clotting) and bone metabolism, and other diverse 
physiological functions. In this study, optimization of the vegetable media and solvent extraction to maximize 
MKn production by lactic acid bacteria (LAB) was carried out using experimental methods, including one factor 
at a time, temperature, and LAB strains. As a result, the largest amount of VitK2 complex (MK4, MK7, and 
MK9), 4.44 μg/mL was synthesized by spinach fermentation with L. lactis (KCCM12759P) at 48h. To enhance 
the amount of VitK1 and VitK2, we were inoculated with LABs including menaquinone enzymes (MENs), 
simultaneously, resulting in reduced processing time to 24h. 
The results provide a foundation for development of spinach based ferment foods with increased functional value, 
higher VitK1 and VitK2 content and can be expected to increase its value application for human health of plant 
foods rich in VitK 
** This work was partly supported by the Korea IPET through future food technology development program, 
funded by MAFRA (121047-2). 
 
Keywords : phylloquinone, menaquinones, lactic acid bacteria 
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 P0216   Carbofuran-Induced Alterations in the Metabolome of Chryseobacterium sp. BSC2-3 
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Carbofuran is one of the most commonly used N-methylcarbamate-based pesticides and is excellent for 
controlling pests; however, carbofuran also causes soil and water pollution. Bioremediation is the most effective 
method of pesticide degradation. Although various studies have been conducted on bioremediation of carbofuran, 
a comprehensive understanding of changes in the metabolome during the bioremediation process is limited. In 
this study, intracellular and extracellular metabolites of the Chryseobacterium sp. BSC2-3 strain were analysed 
during carbofuran degradation by using an LC-MS-based non-targeted metabolomics approach. We found that 
the BSC2-3 strain extracellularly transformed carbofuran to 3-hydroxycarbofuran. Intracellular metabolite 
analysis revealed that carbofuran mainly affected aminobenzoate degradation, ubiquinone and terpenoid-quinone 
biosynthesis, and arginine and proline metabolism. Carbofuran especially affected metabolic pathways for the 
degradation of naphthalene and aminobenzoate. In addition, the strain extracellularly secreted disease resistance 
inducers and plant growth regulators during degradation of carbofuran. Taken together, our data suggest that non-
targeted metabolomics will become a promising tool for identifying multifunctional microorganisms in 
agriculture. 
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 P0217   Regulation of Major Constituent of Zizyphus Seeds on Nicotinic Acetylcholine Receptor 
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A major constituent of Zizyphus seeds that have been long used as thera-peutic agents for sleep-related issues in 
Asia. BA is a pentacyclic triterpenoid. It also possesses various anti-cancer and anti-inflammatory effects. In this 
study, we utilized BA as an antagonist of α3β4 nicotinic acetylcholine receptors (α3β4 nAChRs) known to regulate 
rapid-eye-movement (REM) sleep and wakefulness. Effects of BA on α3β4 nAChRs were concentration-
dependent, reversible, voltage-independent, and non-competitive. Site-directed mutagenesis and molecular-
docking studies confirmed the binding of BA at the molecular level and showed that the α3 subunit L257 and the 
β4 subunit I263 residues affected BA binding. These data demonstrate that BA can bind to a binding site different 
from the site for the receptor’s ligand, acetylcholine (ACh). This suggests that BA may be an effective antagonist 
that is unaffected by large amounts of ACh released during wakefulness and REM sleep. Based on the above 
experimental results, BA is likely to be a therapeutically useful sleep aid and seda-tive.keyword : Ergot alkaloids, 
Serotonin receptor, Irritable bowel syndrome 
 
Keywords : sleep regulation, a3β4 nAChR, insomnia 
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 P0218   Inhibitory Effect of Sea Cucumber Extracts and Enzymatic Hydrolysates on Lipid 
Accumulation in Free Fatty Acid-Induced Steatotic Hepatocytes 
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Extracts, or protein hydrolysates derived from plants and animals have been known as having various beneficial 
effects such as antioxidant, anti-inflammatory, and antimicrobial activities in animal. Therefore, this study aimed 
at investigating inhibitory effect of the sea cucumber extracts and the hydrolysates on lipid accumulation in 
hepatocytes. Dried sea cucumber, produced in western coast of Korea, was boiled in water or 70% ethanol at 85-
100oC for 24-72 hrs to extract bioactive compounds. The enzymatic hydrolysates were prepared by reacting the 
dried sea cucumber with pepsin or neutral protease (PNL) under optimal conditions of each enzyme. All the 
extracts and the hydrolysates were freeze-dried at -80oC prior to usage. To induce inflammation in macrophages, 
lipopolysaccharide (LPS) was treated to RAW 264.7 cells, and the extracts or the hydrolysates of sea cucumber 
also treated to the cells at 37oC. After 24 hrs incubation, production of nitric oxide (NO) from the cells were 
measured. As a result, treatment of the hydrolysates produced by pepsin, decreased NO production compared to 
LPS sole-treatment. This result indicate that the pepsin-induced hydrolysates have anti-inflammatory effects in 
the macrophages. Furthermore, lipid accumulation in hepatocytes (HepG-2) was induced by treating palmitic acid 
to the cells, and lipid accumulation were measured using Oil Red O staining. As a result, the water extracts of sea 
cucumber decreased lipid accumulation in the steatotic hepatocytes without cytotoxicity (p<0.05), while the 
ethanol extracts were cytotoxic. Altogether, these results indicate that the extracts and the enzymatic hydrolysates 
derived from sea cucumber can be used as beneficial materials to inhibit non-alcoholic steatohepatitis. 
  
Keywords : sea cucumber, extraction, enzymatic hydrolysis, anti-inflammation, non-alcoholic steatohepatitis 
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 P0219   Biotransformation of Glycine soja Isoflavone Using Recombinant β-Galactosidase 
from Thermoproteus uzoniensis 
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Isoflavone glycosides are commonly biotransformed into isoflavone aglycones due to the superior biological 
activities of the latter. Although wild soybeans contain higher isoflavone content than domesticated soybeans due 
to their high level of genetic diversity, there have been no reports on their use for the production of isoflavone 
aglycones. In this study, we cloned and characterized a thermostable β-galactosidase from the extreme 
thermophile Thermoproteus uzoniensis for application in Korean wild soybeans. The enzyme was purified with a 
specific activity of 1,103 μmol/min/mg by His-trap chromatography, and the native enzyme was found to exist as 
a homodimer of 113 kDa, with maximum activity at pH 5.0, and 90 °C with a half-life of 46 h. The hydrolytic 
activity of the enzyme with aryl-glycoside was the highest for p-nitrophenyl (pNP)-β-d-galactopyranoside, and 
that with isoflavone glycosides followed the order genistin > daidzin > ononin > glycitin. Of the Korean wild 
soybean extracts, the concentrations of daidzin and genistin were 5,760 and 8,310 g/g in the seed extract and 
20,580 and 3,600 g/g in the root extract, respectively, but only 1,320 g/g of genistin was present in the stem 
extract. The enzyme completely hydrolyzed 2.77 mM daidzin and 3.85 mM genistin in the seed extract after 80/70 
min with productivities of 1.86 and 3.30 mM/h, respectively, and 9.89 mM daidzin and 1.67 mM genistin in root 
extract after 180 and 30 min with the highest productivities of 3.30 and 3.36 mM/h, respectively. This is the first 
report on the enzymatic production of isoflavone aglycones from isoflavone glycosides in wild soybeans. 
 
Keywords : glycine soja, wild soybean, isoflavone, biotransformation, Thermoproteus uzoniensis 
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 P0220   Comparison of Antioxidant Activity of Okra Seed Extract Using Reflux and Ultrasonic 
Extraction 
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Okra (Abelmoschus esculentus) is known to be native to Africa and grows in subtropical climates. Currently, due 
to climate change caused by global warming, the cultivation and consumption of subtropical vegetables such as 
Okra and Gongsimchae have increased in worldwide. Okra contains a large amount of antioxidants (flavonoids 
and polyphenols), and Okra's mucus contains galactin, pectin, and mucin, known to lower blood cholesterol. In 
addition, their seeds are roasted and used as a substitute for coffee, are known to be good for fatigue recovery as 
it contains minerals such as calcium and iron, vitamins C, and beta carotene. In this study, the extraction efficiency 
of various antioxidants was optimized by comparing the antioxidant activity of the extract by reflux extraction of 
okra seeds using water, ethanol, and methanol as an extraction solvent, and varying the power and extraction time 
of ultrasonic waves for okra seeds. Phenol compound as antioxidant active material in Okra was analyzed by the 
colorimetry Folin-Ciocalteu method. While the flavonoid was analyzed by the aluminum nitrate colorimetry 
method. The antioxidant activity was measurement using 1, 1- diphenyl 2-picrylhyorazy DPPH radical scavenge 
capacity and Ferric Reducing Antioxidant Potential (FRAP) assay method. In the result, ethanol extraction 
processes of Okra showed that the polyphenol content (13.7 mg GAE/g) of Okra seed was about 10 times higher 
than that of Okra pulp (1.14 mg GAE/g). 
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Pichia pastoris is a strain useful for the production of various substances, including medical proteins. This strain 
comprises the genes XYL1, XYL2, and XYL3 related to the use of xylose, but the xylose metabolism is not good 
due to low expression. In order to increase the utilization of xylose, we tried to construct P. pastoris that can 
metabolize xylose using synthetic biology technology. A plasmid was constructed by random assembly of 
XYL1/XYL2/XYL3 derived from Pichia stipitis by screening three of each of the P. pastoris constitutive 
promoters with strong/medium/weak promoter expression. After transformation using an electroporation method, 
a xylose enrichment culture of 200 g/L was performed to select a strain with excellent xylose utilization. A total 
of 27 cases of vectors were randomly combined, and no further growth changes were observed when enrichment 
was performed 5 times. As a result of screening the plasmid, it was confirmed that the combination of randomly 
assembled gene promoters changed favorably for xylose metabolism through enrichment. 
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 P0301   The Effect of Enzyme Loading, Crosslinking Agent, and Gold Nanoparticles on the Performance 
of Enzyme Electrode 

 
Ke SHI1, Chang-Joon KIM1,2 
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Corresponding Author Email : cj_kim@gnu.ac.kr 
 
Lactate appears in sweat, blood, and muscles in the human body. Lactate oxidase converts lactate into pyruvate 
by generating electrons. It was considered that lactate in sweat could be used as fuel for enzymatic fuel cells that 
could power wearable electronics. However, its performance should be enhanced for practical application. The 
purpose of is study was to improve the performance of lactate electrode fabricated by immobilizing lactate oxidase 
(LOx) on carbon paper. Cyclic voltammetric analysis (CV) was used to investigate the effects of enzyme unit, the 
number of enzyme layer, concentration of polymer cross-link polymer, and gold nanoparticles on electrode 
performance. Current intensity increased with increasing LOx unit up to 2 U. When applying a LOx solution (0.85 
U) repeatedly, current generation by electrode increased up to four layer. Electrode covered with four layered 
LOx generated 1.35 times more current than that with one layer. With the presence of cross linker poly(ethlene 
glycol) diglycidyl ether, electrode performance was further improved. 
  
Keywords : lactate fuel cell, carbon paper, lactate oxidase, enzyme loading, crosslinker 
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 P0302   Development of Sensitive and Specific System for DDT Measurement Using a Newly Isolated 
Monoclonal Antibody 
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Dichlorodiphenyltrichloroethane (DDT) is an environmentally harmful chlorinated pesticide. The high stability 
of DDT with a half-life of about 2 to 15 years has resulted in the accumulation of this pesticide in the adipose 
tissues of animals including humans. Therefore, it is significant to develop the sensitive and rapid system to detect 
DDT in environmental samples. We obtained a new monoclonal antibody with the high binding affinity (KD of 
~ 0.5 nM). We performed the competitive ELISA to measure the concentrations of DDT and the lowest detection 
limit of DDT was determined to be 168 ng/mL in a 2 hour and 10 minutes assay. We successfully measured all 
components of commercial DDT that is a mixture of DDT and its derivatives (p,p’-DDT, p,p’-DDE, p,p’-DDD). 
We can further reduce the reaction time of antibody and DDT binding from 1 hour to 15 minutes without losing 
the sensitivity, demonstrating the possibility of using it for on-site test. We expect that this DDT sensing platform 
can be useful in sensitive and rapid detection of DDT in environmental samples. 
 
Keywords : chlorinated pesticide, monoclonal antibodies, immunoassay, biosensor 
 
 
  

Advanced Biotechnology for Human Society2022 한국생물공학회 춘계학술발표대회 및 국제심포지엄
2022 KSBB Spring Meeting and International Symposium

281



 P0303   Biogenic Selenium Nanoparticle Induces Apoptosis and Autophagy in Human Gastric Cancer 
Cells by Suppressing the PI3K/AKT/mTOR Signaling Pathway 

 
RongBo WANG 
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Corresponding Author Email : yeonjukim@khu.ac.kr 
 
Background: Gastric cancer is one of the most frequent and lethal tumors in the world. Although chemotherapy 
is a promising strategy, its clinical applications are limited by various complications and lower five-year survival 
rates. Therefore, it is necessary to develop a new cancer-targeting drug delivery platform with good bio-capability. 
Recently, the involvement of Nano-drug delivery plays a major role in biomedical applications due to its safe, 
eco-friendly, and nontoxic. Selenium is a trace element that plays an important function in the oxidation-reduction 
system. The uses of selenium are limited by its toxicity and stability. Toxicity can be decreased and stabilized by 
preparing nanoparticles. 
Results: A novel selenium nanoparticle were biologically synthesized using Kaempferia parviflora root extract 
named as KP-SeNP. Several microscopic analyses were performed to confirm the physiochemical properties of 
the nanoparticles. KP-SeNP showed the significant cytotoxicity upon human gastric adenocarcinoma (AGS) cells 
but not upon normal cells. Moreover, we determined the molecular mechanisms go through the cytotoxic effect 
of KP-SeNP. The results showed the decrease of B cell lymphoma 2 (Bcl-2), the intrinsic apoptotic signaling 
markers, such as Bcl-associated X protein (Bax), and Caspase 3 were significantly upregulated in AGS cells. In 
addition, AGS cells treated with KP-SeNP increased autophagic cell death. LC3B-II, an autophagy flux marker 
protein, was enhanced, whereas p62, an autophagy marker protein, was suppressed. Also, using PI3K activator, 
demonstrated that the phosphorylation of PI3K/AKT/mTOR pathway markers and its downstream targets in KP-
SeNP-treated AGS cells was identified to be decreased. In vivo results further validate in vitro finding that KP-
SeNP exerts its anti-cancer effect via autophagy and apoptosis with good biosafety. 
Conclusion: Taken together, these data suggest that KP-SeNP treated AGS cells induced intrinsic apoptosis and 
autophagic cell death through PI3K/AKT/mTOR pathway, which can lead to the inhibition of gastric cancer 
development. Thus, our findings strongly indicate that KP-SeNP can act as a novel potential therapeutic agent 
upon gastric cancer. 
 
Keywords : selenium nanoparticles, Kaempferia parviflora, PI3K/AKT/mTOR, gastric cancer, autophagy, 
apoptosis 
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 P0304   Ag-MNP-Dopamine-Copper Nanoflower Adsorbent Functionalized by Aptamer for Efficient 
Mercury Removal 
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Mercury (Hg) is one of the most harmful heavy metals that can cause several severe impacts on the ecosystem, 
especially human health, owing to its persistence and bioaccumulation [1]. A massive amount of Hg from 
industrial is still released into wastewater without proper disposal; thus, it is crucial to develop efficient strategies 
for Hg detection or removal from the aquatic environment [2,3]. Herein, we developed hybrid nanoflowers (Ag-
MNP-PDA-Cu NFs), which incorporate a combination of polydopamine (PDA), Fe3O4 magnetic nanoparticles 
(MNPs), and copper phosphate crystals followed by coating with silver nanoparticles (AgNPs). The nanoflowers 
possessed a large surface area with nanosized pores and magnetic characteristics, enabling efficient adsorption 
and elimination of Hg from the solution. Additionally, the nanoflowers were functionalized with the Hg2+-binding 
DNA aptamers (Apt-Ag-MNP-PDA-Cu NFs) by the interaction of silver-sulfur between Ag-MNP-PDA-Cu NFs 
and thiol-modified aptamers. The introduction of aptamers dramatically increased the ability to remove Hg from 
water. The Hg2+ adsorption isotherm of the Apt-Ag-MNP-PDA-Cu NFs followed the Dubinin–Radushkevich 
model with the maximum adsorption capacity of 1073.19 mg/g. These results suggest that novel aptamer-
functionalized nanoflowers could be a potential Hg-removing adsorbent, possibly by providing binding sites for 
the formation of T-Hg2+-T complexes. 
 
Keywords : nanoflower, mercury adsorbent, aptamer 
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 P0305   Core-Shell Structured DNA/IONP Microparticles for Colorimetric Cell Detection 

 
 
Yoonbin JI, Jong Bum LEE 
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Nucleic acid-based materials have been attracted as a diagnostic platform. Among them, DNA materials were 
candidates for novel biosensing probe materials with their stability and functionality. Moreover, with the recent 
development of nano-material technology, the hybridization of DNA materials with metallic materials such as 
gold, silver, or iron oxide was also drawn attention. However, the conjugation of biomolecules with metallic 
molecules was expensive and laborious. Here we introduce the novel method for fabricating DNA/iron oxide 
nanoparticle (IONP) hybridized structures by co-precipitation reaction. DNA microstructure fabricated via the 
well-known rolling circle amplification (RCA) method was highly porous and negatively charged and could act 
as active sites for IONP growth reaction. Synthesized DNA/IONP hybrid showed core-shell structure with 
homogeneously covered iron oxide particles on a single porous DNA microparticle. Rationally designed DNA 
template with cancer cell-targeting aptamer sequence, aptamer-DNA/IONP exhibited cancer cell targeting ability 
and easily observed by colorimetric assay via Prussian blue staining. 
 
Keywords : DNA, rolling circle amplification (RCA), iron oxide, co-recipitation, colorimetric sensing 
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 P0306   Detection of ERBB2 mRNA in Human Breast Cancer Cells Based on Coordinated Actions of 
Nucleic Acid-processing Enzymes 
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The vast majority of nucleic acid biosensors employ nucleic acid-processing enzymes to bind, degrade, splice and 
modify nucleic acids. Utilizing their unique substrate preference and catalytic activity is of great importance in 
designing nucleic acid biosensors. An intriguing combination of DNA-processing enzymes enables them to 
transform into a new generation of molecular diagnostic tools. Here, we report an isothermal amplification 
strategy by co-employing a structure-specific endonuclease (flap endonuclease 1, FEN1) and a strand displacing-
DNA polymerase (Bst DNA polymerase) to detect long RNA targets. This approach couples FEN1-driven 
invasive cleavage reaction with toehold-mediated rolling circle amplification (iFEN-tRCA), allowing for highly 
selective and sensitive detection of long RNA targets and offering a detection limit below 10 pM within 1 hr. By 
using human epidermal growth factor receptor 2 (HER2, encoded by ERBB2) as a target, we demonstrate the 
feasibility and quantitative capability of the iFEN-tRCA assay to determine ERBB2 mRNA levels in human breast 
cancer cells. Therefore, we envision that the developed assay could provide a suitable molecular diagnostic tool. 
 
Keywords : rolling circle amplification, isothermal amplification, molecular diagnostic tool, flap endonuclease 
1, human epidermal growth factor receptor 2 
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 P0307   Development of Phospholipid-based Cell Penetrating Technology for Drug Delivery Systems 
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Drug delivery system including nanoparticles are under active development but most of the nanoparticles enter 
the cell via endocytosis. However, a significant amount of the endocytosed cargos is not able to escape from the 
endosome, resulting in endosomal entrapment and lysosomal degradation. Due to several barriers into intracellular 
delivery, circumventing the endocytic pathway is desirable. Thus, in recent years, several attempts have been 
made to develop transmembrane delivery systems such as cell penetrating peptide (CPP)-conjugated nanoparticles 
rather than endocytosis. However, CPP is known to be degraded and inactivated by serum proteases in in vivo. To 
overcome the limitations, we have developed phospholipid-based nanodrill technology on the surface of 
nanoparticles (LD-NPs) via self-assembly of phospholipids. LD-NPs penetrate the cells via energy-independent 
penetration through the membrane, unlike other nanoparticles. The potential of LD-NPs in drug delivery was 
confirmed through in vitro and in vivo experiments, such as gene therapy, chemotherapy to drug resistance cells 
and enhanced local drug delivery to the brain. 
 
Keywords : cell penetrating nanoparticle, drug delivery system, gene delivery, phospholipid, self assemble 
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 P0308   Personal Glucose Meter Utilized Peroxidase Mimicking DNAzyme for miRNA Detection Based 
on Dual Exponential Amplification Reaction 
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(KAIST), Daejeon, Korea 
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We herein personal glucose meter (PGM) utilized peroxidase mimicking DNAzyme for miRNA detection based 
on dual exponential amplification. Recently developed a novel PGM measure the electrochemical signal by using 
ferrocyanide [Fe(CN)6]4- as a redox mediator generated as the produced ferrocyanide [Fe(CN)6]4- is reoxidized to 
ferricyanide [Fe(CN)6]3- on the PGM electrode. In dual exponential amplification, the target recognition strand 
(TRS) employed in this strategy was designed to contain target binding region, antisense G triplex trimer (G3 
trimer) and nicking recognition site. In the presence of target, it binds to TRS and nicking and extension reactions 
are continuously repeated, consequently produced G3 trimer. The produced G3 trimer which binds to signal assist 
strand (SAS) contained nicking recognition site and two antisense G3 trimer sequence triggered another nicking 
and extension reaction. As a results, a large number of G3 trimer DNAzymes catalyzes the oxidation of 
[Fe(CN)6]4- into [Fe(CN)6]3- by the peroxidase mimicking activity of the G3 trimer DNAzymes. Consequently, 
only few [Fe(CN)6]4- in the reaction solution can be determined by the PGM. Based on this unique isothermal 
PGM strategy, we successfully detect target miRNA down to 7.56 fM with high selectivity against various miRNA 
family. 
 
Keywords : personal glucose meter, point of care, DNAzyme, miRNA, isothermal amplification 
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 P0309   Synthesis and Characterization of Mesoporous Silica Nanoparticles and Flat Membranes for 
Indigo Reduction 
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Silica, an oxide of silicon (silicon dioxide, SiO2) is easily synthesized with acceptable nanocosts and shows 
interesting properties. Based on the degradation of SiO2 in alkaline medium to orthosilicic acid, silicon element 
can donate electron to an electron acceptor leading to the possibility of redox reactions. In addition, the silicon 
element can conduct electricity, which contributes significantly to the electron transfer or the electron carrier to 
receptors. Therefore, in this study, porous silica particles were synthesized and investigated for indigo reduction 
in the presence or the absence of another reducing reagent (i.e. glucose). Effects of the synthesized silica particles 
on the reduction reaction of indigo were also evaluated through their size, porosity and compared with their silica 
sol-gel flat membranes. 
 
Keywords : porous silica particles, silica sol-gel flat membranes, indigo reduction, leuco-indigo, silica 
degradation 
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 P0310   Investigation of Molecular Interaction between Lipid Membranes and Reactive Oxygen Species 
(ROS) during Antioxidant Presence by Using Model Cell Membranes 
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Reactive oxygen species (ROS) are chemically reactive chemical species that contain oxygen. ROS is generated 
in the body through external or internal factors. They have critical roles in the body as beneficial and crucial. ROS 
causes various diseases such as cancer, heart attack, diabetes, aging, etc. The reactive oxygen species are caused 
by external stresses and various metabolic processes. However, their influence is unknown. While reactive oxygen 
species lead to oxidative stress in redox signaling, Antioxidants have the importance to regulate redox balance. 
In this study, we chose one of the ROS and antioxidants, Hydrogen Peroxide (H2O2) and α-Tocopherol which is 
also known as Vitamin E. ROS may affect toxic to the membrane, therefore, fluidity, permeability, and may make 
membrane unstable. To investigate these effects, several experiments are held. Membrane toxicity was evaluated 
by electrophysiology of the planar lipid membrane containing membrane protein. Mimicking redox balance by 
using ROS and various antioxidants showed that Polydiacetylene (PDA) Liposomes had a polymerized effect by 
redox mechanism. Overall experiments showed that not only ROS but also the redox mechanism has a crucial 
impact on cell membranes. 
This study may be helpful to understand the redox complex better to find treatments for ROS-related diseases. 
 
Keywords : lipid membranes, reactive oxygen species (ROS), hydrogen peroxide, redox balance 
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 P0311   Efficient Transfection of Large-sized CRISPR/Cas9 Plasmid Using a New Peptide Enhancer-
based Nanocomplex 
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Gene therapy has been studied as a potent tool that fundamentally corrects genetic disorders. Among gene therapy 
technologies, clustered regularly interspaced short palindromic repeats, CRISPR-associated protein 9 (CRISPR/ 
Cas9) system has recently been spotlighted as a novel gene-editing tool using Cas9 nuclease and guide RNA 
(gRNA). Application of Cas9 and gRNA as an all-in-one plasmid DNA (pDNA) requires a delivery strategy with 
high efficiency and safety. Herein, we developed a new nanocomplex using a peptide enhancer to transfect a large-
sized pCRISPR-Cas9 efficiently. The nanocomplex formed a condensed self-assembly structure than the control. 
The pDNAs in the nanocomplex were stably protected in the presence of serum for up to 48 hours. In various cell 
lines, the transfection efficiency by the nanocomplex was about 2-4.4 times higher than that of the control. In 
addition, the nanocomplex containing pCRISPR-Cas9 targeting genes overexpressed in cancer cells inhibited cell 
proliferation by about 25% through gene editing. Thus, this novel nanocomplex is expected to become a 
biocompatible platform that can be efficiently applied to the large-sized pCRISPR-Cas9 system. 
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 P0312   Spatiotemporal Patterns of Short-Chain Fatty Acids by Human Olfactory Receptor-Embedded 
Nanodiscs 
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In many researches, temporal patterns are as important key factor for identifying odors as spatial patterns. 
Temporal patterns were expressed as binding affinities of olfactory receptors to specific odors, sensitivity of 
receptors. In this research, human olfactory receptor (hOR) embedded-nanodiscs, hOR51E1, hOR51E2 and 
hOR52D1, were used for spatiotemporal patterns of short-chain fatty acids. Short-chain fatty acids, such as 
propionic, butyric and valeric acids, were reported as biomarkers for gastric cancer or halitosis. Nanodisc is a 
suitable platform for reconstitution of hORs because of its stable structure for transmembrane proteins. There 
were no reports spatiotemporal patterns of odors using hOR-embedded nanodiscs. Through tryptophan fluore-
scence quenching assay, the hOR-embedded nanodiscs respectively had different EC50 values to short-chain fatty 
acids. Propionic acid had the lowest EC50 value when it bound with hOR51E1 nanodisc, while butyric and valeric 
acid had the lowest EC50 value when it bound with hOR52D1 nanodisc. Spatiotemporal patterns of short-chain 
fatty acids were represented by reciprocal of EC50 values. The spatiotemporal patterns of odors showed different 
patterns. We expect the hOR-embedded nanodiscs could be used for artificial intelligence technology for 
identifying odors from the complex outside world by the spatiotemporal patterns. 
 
Keywords : human olfactory receptor, nanodisc, spatiotemporal pattern, short-chain fatty acid 
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 P0313   Large-scale Fabrication of Colorimetric Cellulose Nanostructures Synthesized by Vapor-phase 
Self-assembly 
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Various natural structures have exquisite physical properties because they have sophisticated structures formed 
by self-assembly. Achieving similar complexity by bottom-up self-assembly in the laboratory is highly desirable 
because it would enable advanced and smart materials. However, in most cases, these processes are carried out in 
a liquid phase, and there is a limitation that it takes a lot of time to form sophisticated structures like the natural 
world. Herein, we have developed a facile and rapid vapor phase self-assembly method to create colorimetric 
cellulose nanostructures over a large area. A conventional thermal evaporation method was used to manifest 
various color patterns formed by self-assembled cellulose nano-hemispheres (SCNH). The various color was 
revealed according to the diameter of the hemispherical structure. We also easily fabricate the wafer-scale artistic 
work composed of these nano-hemispheres and successfully develop colorimetric sensors for detecting volatile 
organic compounds (VOCs). This work will pave the way to expand the biomaterial-based self-assembled 
nanostructure not only in liquid phase but also in vapor phase and will provide a foothold for manufacturing 
various practical devices with increased reliability and mass productivity. 
** Acknowledgement : This project was supported by Basic Science Research Program through the National 
Research Foundation of Korea (NRF) funded by the Ministry of Education [NRF-2020R1A6A1A03043435, and 
NRF-2019R1F1A1063020] and Creative Materials Discovery Program through the National Research Foundation 
of Korea(NRF) funded by Ministry of Science and ICT [2019M3D1A2104109] 
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 P0314   3D Neural Network for Spatial Input Signal Recognition Using Neurospheroid Based on 
Bionanohybrid on Microelectrode Array 
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In human brain, neural network converts input information to an output signal in parallel through interconnected 
neurons. For the demonstration of neural network interaction, there were several studies of 2D neural network 
using living cells or organic-inorganic molecules. However, there was no report for demonstration of a 3D neural 
network interaction. In this study, in vitro 3D neural network was developed using nerospheroid, microelectrode 
array (MEA) and bionanohybrid. The bionanohybrid was composed of protein, DNA, molybdenum disulfide 
nanoparticles and peptides to control electrophysiological states of nerospheroid. After generation of the 
neurospheroid derived from human neural stem cells, the immobilized bionanohybrid on MEA half-penetrates the 
neurites of the neurospheroid and lead to form the 3D neural network. The developed 3D neural network was 
successfully received input signal applied by the bionanohybrid and generated output signal through transmitting 
into the neurospheroid. Besides, the spatial input signal recognition in the neurospheroid was realized on 3D 
neural network by immobilizing the bionanohybrid selectively on the MEA. This developed in vitro 3D neural 
network can be exploited as a prospective strategy for brain-on-a-chip platform, drug efficacy evaluation for brain 
disease, bioelectronics and bioelectronic medicine. 
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funded by the Korea government (MSIT) (No. 2019R1A2C3002300), by the Basic Science Research Program 
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Program through the NRF funded by Ministry of Science and ICT (NRF-2022M3H4A1A01005271). 
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 P0315   Enhanced Performance of Lactate Fuel Cells by Combing Mitochondria and Lactate Oxidase 
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Enzyme fuel cells (EFCs) can directly convert chemical energy by oxidizing biomolecules such as sugars, 
alcohols, and amino acids into electrical energy using oxidoreductases. This study aimed to develop a high-
performance EFCs utilizing lactate as fuel. To achieve this goal, mitochondria was combined to lactate oxidase 
(LOx) to extract more energy by further oxidation of pyruvate, reaction product of LOx whereas only two 
electrons are generated by conversion of lactate into pyruvate in the presence of LOx only. An anode was 
fabricated by dropping enzyme solution to the surface of the gold electrode and drying at room temperature. The 
electrode cell was composed of a working electrode: an enzyme electrode, a counter electrode: a Pt wire, and a 
reference electrode: Ag/AgCl. Cyclic Voltammetry (CV) and Chronoamperometry (CA) were performed to 
evaluate the performance of the electrode. As a result of directly mixing cell-free mitochondria with the 
electrolyte, a higher oxidation peak was confirmed in the CV test than that of LOx alone. Based on the CV test 
result, CA test was performed to measure the change in current production over time. To see the reaction between 
mitochondrial solution and pyruvate, the mitochondrial solution was applied to the electrode surface in the same 
way as the enzyme solution, and the same experiment was performed by dissolving the same concentration of 
pyruvate instead of lactate. Finally, both the enzyme and mitochondria were immobilized and compared with the 
results of cell-free mitochondria. 
 
Keywords : enzyme fuel cells (EFCs), anode, lactate oxidase (LOx), mitochondria, yeast, cyclic voltammetry 
(CV), chronoamperometry (CA) 
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 P0316   An Ultralight, Flexible, and Wearable Cortisol Aptasensor Using a Naturally Abundant 
Material 
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The necessity of managing stress levels is becoming increasingly apparent as the world suffers from different 
kinds of stress including the extent of pandemic, coronavirus disease 2019 (COVID-19). Cortisol, a clinically 
confirmed stress hormone related to depression and anxiety, affect individuals mentally and physically. However, 
current cortisol monitoring methods require expert personnel, large and complex machines and time for data 
analysis. Here, we present an ultralight, flexible, and wearable cortisol-detecting biosensor using a naturally 
abundant material, silk, as the biosensor substrate. The sensing channel was produced by electrospinning 
conducting polyacrylonitrile (PAN) nanofibers (NFs) and the subsequent vapor deposition of carboxylated 
poly(3,4-ethylenedioxythiophene) (PEDOT). The conjugation of cortisol aptamer on the PEDOT-PAN NFs 
provided the critical sensing mechanism for the target molecule. The sensing test was performed with a liquid-ion 
gated field-effect transistor (FET) on a polyester (PET) film after transferring the silk substrate-based cortisol 
aptasensor. The sensor performance showed a detection limit of 10 pM and high selectivity in the presence of 
interference materials at 100 times higher concentrations. The practical usage and real-time monitoring of the 
cortisol aptasensor with a liquid-ion gated FET system was demonstrated by successful transfer to the skin and 
swab. This study is a solid example supporting the possibility of further application and on-site monitoring of 
numerous diseases using a naturally abundant material as a substrate for wearable, swappable, and disposable 
biosensors. 
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 P0317   Analysis of the Formation Process for DNA-tethered Lipid Membranes via Solvent-assisted Self-
assembly 
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DNA-lipid conjugates have been studied for the purpose of being particularly useful in modeling interactions 
between lipid membranes by varying their height from the surface. We selectively utilized QCM-D as a system 
to check whether the formation of a lipid film is formed at a distance from the surface. We implemented the 
existing method in which a DNA hybrid on a chip on the surface of Silica supports the lipid membrane using the 
Solvent-Assisted Lipid Bilayer (SALB) method. The formation of a continuous lipid bilayer was confirmed by 
the change in QCM-D results depending on the presence or absence of DNA hybrids on the sillica surface. The 
side-by-side comparison with the presence of immobilized DNA was implemented on silica coated sensor crystals 
or on the glass surface. The formation of a DNA-tethered lipid membrane was analyzed both under fluorescence 
microscope and QCM-D. 
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 P0318   Engineered M13 Bacteriophage as a Colorimetric Immunosensor for Detection of Allergenic 
Fungi 
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M13 bacteriophage (Phage) has great potential as a biosensor due to its properties of displaying foreign peptides 
as a targeting motif and its stability in harsh environments. In this study, we report a simple and sensitive strategy 
for detection of allergenic fungal spores using biotinylated spore-binding phages. By using phage display, spore 
binding 12 mer peptides were identified and displayed on the pIII coat proteins of the phage. Then, spore-binding 
phages were biotinylated on pVIII major coat proteins, which allowed binding with numerous streptavidin HRP 
conjugates leading to signal enhancement. We performed flow cytometry and colorimetric binding assay to 
evaluate the binding affinities of spore-binding phages. Biotinylated spore-binding phages showed sensitivity and 
specificity for detecting Aspergillus niger (A. niger) spores. Phage-based immunosensor may offer advantages 
over the conventional antibody-based detection systems such as cost-effectiveness, higher sensitivity, and higher 
biochemical stability. 
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 P0319   PEG-free Vaccine Delivery System 
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Since the pandemic of COVID-19, active investigation to develop immunity to infectious disease by delivering 
nucleic acids has been proceeded. Particularly, many studies have been conducted on non-viral vector as several 
vital side-effects which were found on nucleic acid delivery system using viral vectors. In this study, we have 
developed plasmid DNA (pDNA) loaded-hyaluronic acid derivative (HA) coated-polyethyleneimine (PEI) based 
polyplex for enhanced nucleic acid delivery efficiency. We have optimized the ratio of pDNA : PEI : HA by 
measuring size and protein transcription efficiency. The final product, polyplex-HA, was characterized through 
measuring size, zeta-potential and TEM image. Intracellular uptake and protein transcription efficiency were 
compared to commercially available transfection reagent, lipofectamine, through fluorescence image and flow 
cytometry. In conclusion, polyplex-HA presents a novel gene delivery system for efficient and stable protein 
transcription since it is available for delivering various genetic materials and has less immunoreactivity. 
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 P0320   A Method Based on Superabsorbent Polymers to Enhance the Signal of Lateral Flow Analysis 
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We have developed a method to improve lateral flow analysis (LFA) sensitivity by using a superabsorbent 
polymer (SAP)-modified nitrocellulose membrane. The flux of the detection probe is controlled by SAP 
incorporated into the nitrocellulose membrane. The SAP formed a complex by absorbing the aqueous solution, so 
that the flow rate of the aqueous solution slowed down when flowing through the modified NC membrane. By 
forming a polymer, the interaction time between the detection antibody conjugated to the gold nanoparticles and 
the capture protein is prolonged, so as to improve the sensitivity of LFA. This method enables experimental and 
numerical optimization of assay time within 20 minutes. In addition, mathematical simulations were performed 
on the fluid saturation of nitrocellulose membranes modified with SAP to better understand the underlying 
processes, and to determine the effect of SAP, molecular dynamics simulations were performed. The proposed 
method was equally applicable to samples spiked with human immunoglobulin-depleted serum to test its 
applicability. 
 
Keywords : lateral flow assays, superabsorbent polymer, underlying process 
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 P0321   Single Step Multiplexed Detection of Extracellular Vesicle Protein and microRNA Using Flow 
Cytometer for Cancer Diagnosis 
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Extracellular vesicles (EVs) have biomarkers, including microRNA (miRNA) and proteins that provide disease 
information with high accuracy. In this context, there are many cancer diagnosis methods developed using EV 
biomarkers. However, because cancer is heterogeneous, the multiplexed detection of biomarkers is required to 
achieve accurate diagnosis. Recently, simultaneous multiplexed detection of EV biomarkers was developed using 
antibody and molecular beacon (MB). However, the method requires a high number of EVs because of EV loss 
during wash steps. Herein, we developed a new method for single-step detection of EV biomarkers using flow 
cytometry without washing steps. Using flow cytometry, the breast cancer-associated surface protein PD-L1 and 
miR-21-5p were detected using the aptamer and MB. To overcome the detection limit of conventional flow 
cytometry, 1,2-distearoyl-sn-glycero-3-phosphoethanolamine (DSPE)-PEG-DSPE was used to induce clustering 
or encircling EVs; thereby artificially increasing sizes for the better detection of EV biomarkers. Overall, 
multiplexed detection of EV biomarkers using flow cytometry can be developed as a simple and rapid cancer 
diagnosis method. 
 
Keywords : extracellular vesicles, cancer, biomarker, DSPE-PEG-DSPE, flow cytometer 
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 P0322   Improvement of DNA Diagnostic in EIS by Klentaq Polymerase 
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Polymerase chain reaction (PCR) is fundamental to many of the procedures used in genetic testing and research, 
including analysis of ancient samples of DNA and identification of infectious diseases. The annealing temperature, 
fidelity, specificity, and yield of primer templates are all affected by magnesium chloride, which is used as a 
source of Mg ions for PCR. Standard PCR techniques require a final Mg ion concentration of 1.5 mM. The ideal 
Mg2+ concentration for Taq DNA polymerase is typically between 1-4 mM in the presence of an overall dNTP 
concentration of 0.8 mM. Low concentration of Mg can lead to a decrease in yield, whereas an excess amount of 
Mg2+ can lead to an increase of nonspecific product. We discovered that PCR utilizing Klentaq polymerase 
resulted in clear predetermined DNA bands in agarose gel electrophoresis at high concentrations of Magnesium 
chloride, 6mM-14mM. We were able to achieve success in electrochemical biosensors using gold electrodes as a 
result of this result. 
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 P0323   An Innovative Design and Construction of High-resolution Patterning and Site-Specific 
Immobilization of Glucose Dehydrogenase Gamma-Alpha Complex (GDHγα) on Solid Electrode Surface 
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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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 P0324   Biomolecular Electron Controller for Spatiotemporal Control of Neuronal Differentiation with 
Electrically Releasable Complex 
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Accurate control of cell differentiation has received much attention for its high applicability in personalized 
medicine and cell therapy. For this reason, a number of cell differentiation control methods such as functional 
nanoparticle and surface modified electrode have recently been developed. However, it is still difficult to 
simultaneously control the time and region in which cells are induced to differentiate into a desired lineage. In 
this research, biomolecular electron controller composed of proteins, DNA, Au nanoparticles, and electrically 
releasable complexe were developed to control neuron differentiation spatiotemporally. An electrically releasable 
complex prepared by the combination of 5,5-Bis(mercaptomethyl)-2,2-bipyridine, cuckubit[8] uril, and retino acid 
modified WGG peptide (RA-WGG) can was release RA-WGG by electrical stimulatuion. In addition, RA-WGG 
was released from the biomolecular electron controller only when electrical stimulation was applied, 
demonstrating temporal control of SH-SY5Y cell differentiation. Furthermore, the spatiotemporal control of cell 
differentiation was successfully performed by introducing a patterned Au substrate capable of controlling the 
biomolecular electron controller immobilization area. Thus, the proposed biomolecular electron controller-
mediated differentiation method provides a promising strategy for spatiotemporal cell differentiation control in 
application to regenerative medicine and cell therapy. 
** Acknowledgments: This research was supported by the National Research Foundation of Korea (NRF) grant 
funded by the Korea government (MSIT) (No. 2019R1A2C3002300), by the Basic Science Research Program 
through the NRF, funded by the Ministry of Education (No. 2016R1A6A1A03012845), and by National R&D 
Program through the NRF funded by Ministry of Science and ICT (NRF-2022M3H4A1A01005271). 
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 P0325   Development of Exosome-embedded Microbubbles for Longer Diagnosis and Photodynamic-
Immune Combination Therapy 
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Microbubbles (MBs) are one of the widely used as ultrasound contrast agents and has been actively investigated 
as drug carriers. However, the short half-life in blood stream of MBs is a bottleneck in ultrasound diagnosis and 
drug delivery. The exosome, a type of extracellular vesicles released from cells, has a stable membrane. In this 
study, exosome-embedded microbubbles (Exo-MBs) were developed to overcome the low stability of MBs by 
embedding the exosome membrane proteins into MBs. As a result, the stability of Exo-MBs is improved over the 
conventional MBs. Therefore, Exo-MBs showed long lasting ultrasound signal compared to commercial 
ultrasound contrast agent, SonoVueⓇ. Also, chlorin e6-loaded Exo-MBs (Ce6-Exo-MBs) are self-assembled into 
chlorin e6-loaded exosome-embedded liposomes (Exo-Lipos) and locally extravasate by external ultrasound. The 
Ce6-Exo-Lipos showed favorable accumulation properties for the target cells because of the enhanced stability 
from exosome membrane proteins. They showed excellent therapeutic efficacy by photodynamic therapy as well 
as immunotherapy triggered by exosomal proteins. 
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 P0326   Personal Glucose Meter (PGM)-based COVID-19 Detection Utilizing the Oxidase Mimicking 
Activity of Cerium Oxide Nanoparticles 
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We herein developed a novel strategy to detect the COVID-19 on the personal glucose meter (PGM) utilizing the 
peroxidase mimicking activity of cerium oxide nanoparticle (CeO2 NPs). Based on the fact that the 
[Fe(CN)6]4- could generate the PGM signal on the PGM electrode, we simply realized PGM-based nucleic acid 
amplicon detection strategy by employing CeO2 NPs which possess oxidase activity. In detail, without LAMP 
amplicon, [Fe(CN)6]4- in the reaction solution is oxidized into [Fe(CN)6]3- by the oxidase mimicking activity of 
CeO2 NPs. As a result, only few [Fe(CN)6]4- remaining in the reaction solution can generate the electrochemical 
signal on the PGM electrode, leading to the decrease of the PGM signal. On the other hand, with LAMP amplicon 
produced in the presence of the target SARS-CoV-2 gRNA, the CeO2 NPs are aggregated and its intrinsic oxidase 
mimicking activity is significantly inhibited, therefore, the initial large amount of [Fe(CN)6]4- remained in the 
reaction solution, generating the high PGM signal. With this strategy, we successfully detected the target SARS-
CoV-2 gRNA. 
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 P0327   Detection Strategy for COVID-19 on Personal Glucose Meter (PGM) Utilizing the Oxidase 
Mimicking Activity of Cerium Oxide Nanoparticle 
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We proposed the personal glucose meter (PGM)-based COVID-19 detection method employing the cerium oxide 
nanoparticle (CeO2 NP) as a key component. PGM utilizes serial reduction/oxidation reactions triggered by the 
oxidation of glucose molecules, of which it final reaction is the oxidation of the [Fe(CN)6]4+ on the PGM 
electrode that generates the electrical signal on PGM. We focused on the signaling mechanism of the PGM to 
realize the detection of nucleic acids, employing the CeO2 NP and its oxidase mimicking activity. In the absence 
of LAMP amplicon, due to the oxidase mimicking the activity of CeO2 NPs, [Fe(CN)6]4+ is oxidized into 
[Fe(CN)6]3+, resulting in a deficiency of [Fe(CN)6]4+ which generates an electrochemical signal on the PGM 
electrode. As a consequence, it leads to a decrease in the PGM signal. In contrast, in the presence of the target 
SARS-CoV-2 gRNA, the LAMP amplicon is produced and aggregates the CeO2 NPs due to the electrostatic 
interaction between the LAMP amplicon and CeO2 NPs. It dramatically inhibits the oxidase mimicking the 
activity of CeO2 NPs. As a result, the initial amount of [Fe(CN)6]4+ is preserved, resulting in the high PGM 
signal, which enables the successful detection of target SARS-CoV-2 gRNA on PGM. 
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 P0328   Osteogenic Differentiation of Human Mesenchymal Stem Cells by Applying Quantified Tension 
on the Cell Using Magnetic Nanoparticles 
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Cells can be affected by physical stimuli from their microenvironments. Stem cell differentiation through these 
physical stimuli has been studied from the point of the material, in which cells grow, such as stiffness or ligand 
density. Even in these material-based studies, it is the force, received by the cell, that ultimately affects the cell. 
However, attempts to directly control and quantify the force received by cells have not been well established. In 
this study, a magnetic force-based tension control system using magnetic nanoparticles was devised to control the 
force, received by cells, as desired. In addition, using the magnetic tweezers, the force applied on the magnetized 
cells was quantified. Tension-based osteogenic differentiation using this system was confirmed by marker gene 
and protein expression level. Furthermore, the YAP translocation, which is an indicator that cells have received a 
physical stimulus, was confirmed. These findings could improve the understanding of the key factor in 
mechanotransduction and serve as a basis for the quantified magnetic force-based experiments using magnetic 
nanoparticles derived from magnetic bacteria. 
 
Keywords : human mesenchymal stem cell, tension, osteogenic differentiation, magnetic nanoparticles, magnetic 
tweezer 
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 P0329   Targeted Delivery of siRNAs through Nanocomplexs with Novel Fusion Peptides for Breast 
Cancer Treatment 
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Breast cancer is caused by overexpression of oncogenes, so siRNA, which can specifically suppress gene 
expression, can be used for treatment. However, siRNA has a negative charge and hydrophilicity, making it 
difficult to be delivered into the cell. Also, it is easy to decompose in the blood and can cause side effects when 
delivering normal cells. Therefore, we devised a novel nanocomplex capable of protecting siRNA and delivering 
it specifically to breast cancer by linking a breast cancer-specific peptide and a cell-penetrating peptide capable 
of binding to apoptosis-inducing siRNA. This nanocomplex showed an advantageous size and positive charge for 
cell penetration and showed stability in the medium. Besides, it was confirmed that the intracellular delivery to 
cancer cells improved more than normal cells. The level of mRNA expression was significantly reduced compared 
to the control, and the degree of cell proliferation decreased in proportion to the siRNA concentration. Our 
nanocomplex can be used as a potential breast cancer treatment system that delivers siRNA to breast cancer cells 
with high penetrability, specificity, and low toxicity. 
  
Keywords : targeted delivery, siRNA, nanocomplex, peptide, breast cancer 
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 P0330   Anti-inflammation of Melittin Loaded Polymersome for Arthritis Diseases 
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Osteoarthritis (OA) is a common chronic joint disease and in OA, due to inflamed joint, the release levels of 
numerous proinflammatory and inflammatory cytokines are higher than normal arthritis. It is known that nuclear 
factor kappa B (NF-κB) signaling is the major pathway mediating the expression of proinflammatory cytokines. 
Therefore, NF-κB signaling pathway has become one of the potential targets for arthritis treatment. In this study, 
we have developed a melittin loaded polymersome (MEL-PL) composed of poly (lactic acid) (PLA)-hyaluronic 
acid (HA) di-block copolymers to deliver melittin safely to arthritis inflammation sites. Melittin is a basic peptide 
consisting of 26 amino acid and has the potential as an anti-inflammation drug by inhibiting NF-κB activation, 
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. Our results 
show that the MEL-PL system has high potential as a novel carrier for anti-inflammation treatment for arthritis 
by penetrating cell membrane directly and blocking NF-κB signaling in high efficiency. 
 
Keywords : osteoarthritis (OA), nuclear factor kappa B (NF-κB), proinflammatory cytokines, melittin, 
polymersome 
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 P0331   Improved Antiviral Activity of Large Nano-perforator against Influenza Viruses 
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Recently, nanodiscs-based nanoperforators (NP) have been used to efficient virucidal antivirals agasint influenza 
viruses (IFVs).[1,2] Here, we developed large nanoperforator (LNP) with 25 nm in diameter through nanodisc 
engineering, which showing higer antiviral effects against influenza viruses than the conventional nano-perforator. 
In detail, enlarged area of the LNP exhibited enhanced antiviral potency in vitro. Furthermore, we proved bigger 
holes of viral envelope perforated by the LNP efficiently impair the IFVs in the endosomes, resulting in higher 
antiviral acitivity. In addition, PEGylated LNP (pLNP) exhibit improved thermal stability and proteolytic 
resistance compared to the LNP. These results suggest the antiviral activity of the NP depends on the size of it. 
That is, the larger the size, the higher the efficacy. In conclusion, our study is the first to demonstrate the use of 
large nanodisc as effective antivirals against the IFVs and may be a better choice than the conventional NP in 
combating viral infections. 
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By utilizing a wide range of biological activities of RNA, RNA nanotechnology has advanced significantly for its 
prospective medicinal applications. RNA microstructures manufactured via rolling circle transcription (RCT)-
based enzymatic RNA self-assembly have gotten much interest as a possible way to improve therapeutic RNA 
loading capacity and delivery. In this regard, we used viscosity to modulate enzymatic RNA polymerization and 
investigated how viscosity influences the manufacture of RNA microstructures by modifying enzyme activity and 
molecular interactions between reaction components. The viscosity of the fluid was altered by increasing the 
glycerol concentration. The increase in viscosity under reaction circumstances resulted in a slower rate of RNA 
polymerization, indicating that viscosity regulates polymerase activity. Furthermore, when the solution viscosity 
increased, the inorganic crystallization of magnesium pyrophosphate, which serves as a structural foundation for 
RNA microstructures, was reduced. As a result, the size of the RNA microstructure was decreased as the solution 
viscosity was increased. In addition, in excessively viscous circumstances, the sponge-like structures vanished. 
Finally, the size of the RNA microstructure was fine-tuned by modulating the template DNA to monomer rNTP 
ratio utilizing another previously described size reduction approach. Depending on the biological application, the 
needed size of the RNA microstructures will be varied. As a result, we proposed novel ways for precisely 
manipulating the size of RNA microstructures to meet a variety of biological demands. 
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The information of interaction between nanoparticles and immune cells is essential for the evaluation of 
nanotoxicity and development of nanomedicines. However, to date, there is little data on the membrane 
microstructure and biochemical changes in nanoparticle-loaded immune cells. Herein, we observed the 
microstructural changes of nanoparticle-loaded macrophages using holotomography analysis. The results showed 
that, when nanoparticles were phagocytized by macrophages, the number of lipid droplets and cell volume 
increased. The number of lipid droplets increased more conspicuously than the other factors. Furthermore, studies 
have shown that macrophages play an essential role in the maintenance of asthma-related inflammation and tissue 
damage, suggesting that macrophage cells may be applied to asthma target delivery strategies. Therefore, we 
investigated the target delivery efficiency of gold nanoparticle-loaded macrophages at the biodistribution level, 
using an ovalbumin-induced asthma mouse model. Normal and severe asthma models were selected to determine 
the difference in the level of inflammation in the lung. Consequently, macrophages had increased mobility in 
models of severe asthma, compared to those of normal asthma disease. In this regard, the detection of observable 
differences in nanoparticle-loaded macrophages may be of primary interest, as an essential endpoint analysis for 
investigating nanomedical applications and immuno-theragnostic strategies. 
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Ferritin is a hollow spherical and universal protein found in a variety of species. It can be engineered in a variety 
of ways, such as loading drugs into particles and adding other functional groups. Since it is structurally and 
thermally stable, it is expected that other proteins stability can be improved by conjugating ferritin. A protein 
conjugated with ferritin and intrinsically disordered protein (IDP) can mimic extracellular matrix (ECM) by 
forming gel. In this study, we suggest that recombinant protein that mimic ECM in vivo. A series of designed 
protein particles were developed, which named for ferritin-IDPs, by genetically conjugating IDP to the surface of 
ferritin nanoparticles. For characterization of the ferritin-IDPs, experiments for SDS PAGE, Western blotting, and 
Transmission Electron Microscope (TEM) were performed. Then, from Scanning Electron Microscope (SEM), it 
is confirmed that ferritin-IDPs have sufficient pore size to serve as ECM. In this results, we expect that ferritin-
IDPs based hydrogels also mimic ECM in vivo.  
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Nano biosensor for D-glucose detection in sweat is one of attractive innovation four generation due to non-
invasive monitoring. Recently, it is necessary to develop a high-sensitive nano biosensor for molecular level 
detection in sweat. In this study, bio electrochemical carbon nano tube (CNT) based nano biosensor was developed 
for high sensitivity an experiment was conducted to apply to sensor devices using carbon nanotubes, which are 
flexible electrode materials. Evaluate the electrical conductivity of the function of imparting electrical properties 
to the CNT after loading the well-distributed CNT on the electrode substrate. The electrical performance stability 
was confirmed by washing several times on the loaded electrode. In sweat using enzyme immobilization to which 
electrochemical properties of CNTs are applied, substances such as glucose, liquid acid, and Urea were measured 
through enzymes. CNTs and three enzymes as acceptors, 1-pyrenebutanoic acid, succinimide, 1-ethyl-3-(3-
dimethylaminopropyl) carbodiimide (EDC)/N-hydroxy succinimide (NHS) and three enzymes were step by step 
immobilized in the manufacturing process of nano biosensor. It was confirm that the developed nano biosensor 
with the immobilized the multiple enzyme (Glucose oxidase, Lactate oxidase) enable to detect three target 
metabolites (D-glucose, Lactate) in sweat. Therefore, it is expected that this study can be used as a basic study for 
noninvasive assessment in the medical industry. 
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mediated Strand Displacement 
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We developed an enzyme-free and label-free colorimetric method to determine ribonuclease H (RNase H) activity 
utilizing target-triggered toehold-mediated strand displacement (TMSD) reaction. In principle, this method 
employs a detection probe, which is an RNA/DNA hydrid duplex, to determine RNase H activity. RNase H 
hydrolyzes the RNA part in the detection probe and liberates a DNA strand, which initiates the TMSD reaction. 
Released DNA strand liberates a G-quadruplex strand, which is initially caged by a blocker strand, and repeatedly 
participates in another TMSD reaction with the aid of fuel strand. As a result, an intense colorimetric signal is 
produced from 2,2'-Azino-bis(3-ethylbenzthiazoline-6-sulfonic acid) (ABTS) oxidized by the peroxidase 
mimicking activity of G-quadruplex strand. With this method, we sensitively determined the RNase H activity 
down to 0.27 U/ml with high selectivity against other nucleases and restriction enzyme. 
 
Keywords : ribonuclease H, G-quadruplex, biosensor 
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Fipronil is one of the phenylpyrazole chemical family insecticide, widely used for agriculture. In 2017, egg 
contamination scandal was occurred in Europe and South Korea. One of the main reasons was fipronil. In that 
case, fipronil specifically binding ligands are strongly required for development fipronil detecting sensor. In this 
work, we obtained fipronil-specific binding peptides through the phage display. The main immobilization strategy 
was using maleic anhydride activated polystyrene plates. Maleic anhydrides combined with fipronil with forming 
amide bond. After the immobilization, we did three rounds of biopanning and select 24 candidates from 2nd round 
elute plate, and 48 candidates from 3rd round elute plate. We used enzyme-linked immunosorbent assay (ELISA) 
to figure out the binding affinity of peptides. As a result, we can estimate the binding affinity of peptide. Finally, 
we choose the peptide which shows highest absorbance value. 
 
Keywords : biosensor, fipronil, phage display, peptide screening 
 
 
  

Advanced Biotechnology for Human Society2022 한국생물공학회 춘계학술발표대회 및 국제심포지엄
2022 KSBB Spring Meeting and International Symposium

316



 P0338   Bimodal Function of Polyethylene Glycol on the Self-assembly of Wire-framed DNA 
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Polyethylene glycol (PEG), which is most popular biocompatible polymer, has led the mimicking of a biological 
sub-system to enhance the interaction between target molecules diving the molecular assembly to follow the 
intended pathway. Here, we investigated the molecular weight dependent dual function of PEG in a DNA 
assembly system, in which DNA strands are induced to form correct nanostructures by PEG assistance. Our results 
indicate that using PEG with optimal Mw and concentration in self-assembly buffer, would significantly increase 
both yield and purity of the nanostructures, simultaneously. 
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Terminal deoxynucleotidyl transferase (TdT) is a polymerase that is found on lymphoid cells. TdT plays an 
essential role in increasing the diversity lacking in the V(D)J recombination process, allowing antibodies and T-
cell receptors to protect the body against pathogens of all types. TdT has the unique ability to catalyze DNA 
oligomer and random nucleotide template-independent manner continuously. However, the difficulty in 
controlling the enzymatic activity of TdT is the limitation of use in applications. Recently, TdT has been studied 
in order to control its incessant enzymatic activity. In this study, we investigated the molecular structure of TdT 
and substrate DNA for inhibiting its activity. In contrast to other DNA polymerases, TdT has a Loop1 structure 
that impedes the template strand. Although TdT prefers single-stranded DNA as a substrate, double-stranded DNA 
is also used when the end of double-stranded DNA unwinds, and TdT is enough to react with unwinding 3-4 
nucleotides. We used the steric hindrance of Loop1 in TdT to inhibit the enzymatic activity of TdT. Inhibition of 
TdT activity was achieved by using a structured DNA substrate. Furthermore, we designed a molecular DNA 
switch to initiate and interrupt enzymatic activity during the TdT reaction and achieved the regulation of TdT 
activity. 
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Gelatin methacryloyl (GelMA) is widely used as a 3D cell culture scaffold due to its good biocompatibility and 
tunable mechanical properties. However, UV light which is extensively used when cross-linking GelMA hydrogel 
has biosafety concerns such as phototoxicity in cells. In this study, we developed a multi-well plate-based platform 
that induces crosslinking of GelMA in visible light for enhanced biocompatibility and improves its high 
throughput screening (HTS) suitability. GelMA hydrogel containing Eosin Y, Triethanolamine, and N-
vinylpyrrolidone was injected into the gel units integrated in a well plate, and this plate was placed onto the LED-
arrayed device (520 nm, green light) to crosslink gel simultaneously. We optimized the concentrations of 
crosslinking reagents and varied a light irradiation time to assess the effect of those parameters on mechanical 
properties of GelMa hydrogel. Human mesenchymal stem cells were encapsulated in GelMA hydrogel for 
inducing bone differentiation. Our platform based on the multi-well plate allows us to reproducibly manufacture 
HT 3D cell scaffold models with controllable physical properties and can be used for various biomedical 
applications. 
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Metal and oxide nanoparticles (NPs) are attracting extensive attention in biomedical applications, including 
bioimaging and drug delivery. However, it is difficult to use these NPs as therapeutic agents for specific cell and 
tissue treatments because of limitations such as material oxidization and cell toxicity. Herein, we synthesized Cu-
based angiogenic metal nanoparticles (Cu-AMNs), using a galvanic replacement reaction of Cu NPs and Au 
precursor, which stabilized and upregulated intracellular behaviors in human adipose-derived stem cells 
(hADSCs). Our novel therapeutic Cu-AMNs showed remarkable advantages in cell treatment, such as low 
mitochondrial damage, reduced ATP consumption, decreased cytotoxicity, mild reactive oxygen species 
generation with enhanced angiogenic paracrine factor secretion, and improved hypoxia inducible factor-1 alpha 
(HIF-1α) expression. Through the improved expression of HIF-1α, vascular endothelial growth factor (VEGF) 
secretion was prolonged for 3 days, even in re-attached hADSCs. In addition, Cu-AMNs improved other 
angiogenic factors and the amount of exocytosed Cu from hADSCs, resulting in strong development of tubular 
formation by human umbilical vein endothelial cells in vitro. Finally, transplantation of Cu-AMN-treated hADSCs 
in mice led to a significant in vivo increase in angiogenesis and blood perfusion in a mouse hindlimb ischemia 
model compared with conventional hADSC therapy. 
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In this study, we developed a homogeneous immunosensor for sensitive cardiac troponin I (cTnI) detection using 
targeted photothermal lysis of bacteria by gold nanorods (GNRs). This immunosensor is consisted of target 
specific capture antibody-conjugated GNRs and detection antibody-gold nanoparticles conjugated E.coli. When 
cTnI was added, these conjugates allow identifying target by antibody antigen recognition by sandwich 
immunoassay. Then, the localized heating of the GNRs conjugates under near-infrared (NIR) irradiation triggers 
photothermal lysis of E.coli conjugates from the targeted sandwich conjugates by cTnI. Consequently, the NIR-
mediated ATP released from the lysed bacteria produces a bioluminescent signal via bioluminescent firefly 
luciferin/luciferase reaction. Therefore, the bioluminescent signal increased with increasing concentration of 
target protein. This method employed both targeted photothermal lysis of E.coli by NIR irradiation and highly 
selective detection of target detection via ATP bioluminescence within 30 min. Furthermore, this method indicates 
that the proposed immunosensor can allow for sensitive detection of cTnI in a homogeneous manner. We believe 
that the proposed method has significant potential as a diagnostic tool. 
 
Keywords : homogeneous immunosensor , photothermal lysis , gold nanorods, bioluminescence, cardiac troponin 
I 
 
 
  

Advanced Biotechnology for Human Society2022 한국생물공학회 춘계학술발표대회 및 국제심포지엄
2022 KSBB Spring Meeting and International Symposium

321



 P0343   Fabrication of Biogenic Inorganic Nanomaterial‒bacteria Nanobiohybrid for Chemical 
Production 

 
Yoojin CHOI1, Gui-Min KIM2, Tae Jung PARK3, Doh C. LEE2 
1Office of Research Support, Chung-Ang University, Seoul, Korea, 2Department of Chemical and Biomolecular 
Engineering, Korea Advanced Institute of Science and Technology (KAIST), Daejeon, Korea, 3Department of 
Chemistry, Research Institute of Chem-Bio Diagnostic Technology, Chung-Ang University, Seoul, Korea 
Corresponding Author Email : yjchoi216@cau.ac.kr 
 
Nanomaterials are mostly synthesized by chemical and physical methods, but biological synthesis is also receiving 
great attention. Recently, microorganism can be used as biofactories to produce various inorganic nanomaterials. 
Sustainable chemical production using a nanobiohybrid as a photocatalytic system, which consists of inorganic 
nanomaterial and biological components, is attractive because it may enable the sustainable production of 
chemicals under light irradiation. Here we report fabrication of biogenic inorganic nanomaterials-bacteria 
nanobiohybrid and the nanobiohybrid conditions are optimized by varying the types of precursors and concen-
trations of inorganic ions. Also, biosynthesized inorganic nanomaterial-bacteria nanobiohybrid was developed to 
produce ammonia under ambient conditions. The strategy described here will be helpful in establishing a platform 
for the fabrication of inorganic nanomaterial-microorganism nanobiohybrid system for valuable chemcial 
production. This work was supported by Samsung Research Funding & Incubation Center of Samsung Electronics 
under Project Number SRFC-MA2001-07. 
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Albumin can help to diagnosis liver diseases since albumin is plasma protein produced by the liver with several 
essential functions including maintaining intravascular colloid osmotic pressure and neutralizing toxins [1]. 
Although recent efforts have achieved promising results [2], there has yet to be developed an albumin-sensor 
integrated liver-on-a-chip with hypoxia stress. We here propose an albumin-sensor integrated liver-on-a-chip for 
in situ, real-time albumin monitoring under hypoxia. In preliminary study, we developed a cell-culture module 
with hypoxia inducible function and culture hepatocytes on the module. We also developed an electrochemical 
biosensor to detect albumin from the liver-on-a-chip. For the fabrication of the albumin biosensor, antibodies 
against albumin were covalently immobilized on the electrode and the signal was measured using an electrical 
impedance spectroscopy. We will integrate the liver module with the albumin sensor and monitor albumin level 
with hypoxia stress. If the current sensor integrated organ-on-a-chip meets its promise, the current system can 
provide a new route for an organ on a chip platform.     
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The lateral flow immunosensor (LFI) is a widely used diagnostic tool for biomarker detection; however, its 
sensitivity is often insufficient for analyzing targets at low concentrations. Here, an electrochemiluminescent LFI 
(ECL-LFI) is developed for highly sensitive detection of troponin I (TnI) using Ru(bpy)3

2+-doped silica 
nanoparticles (RuDSs). Antibody-immobilized RuDSs are applied to detect TnI by fluorescence and ECL analysis 
after a sandwich immunoassay on the ECL-LFI strip. RuDS conjugates were used as a TnI-targeting probe and 
ECL signal generator; they form sandwich immunocomplexes at the test line of the strip and generate strong ECL 
emission via a Ru(bpy)3

2+/tripropylamine system on an electrode inserted beneath the test line on the nitrocellulose 
membrane. The ECL-LFI enables the highly sensitive detection of TnI-spiked human serum within 20 min at 
femtomolar levels. These results demonstrate the efficacy of this system as a high-performance sensing strategy 
capable of capitalizing on future point-of-care testing markets for biomolecule detection. 
  
Keywords : electrochemiluminescence, lateral flow immunoassay, troponin I, high-sensitivity 
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 P0401   Implications for the Polyethylene Terephthalate (PET) Decomposition Mechanism through 
Similarity and Dissimilarity between PETases from Rhizobacter gummiphilus and Ideonella sakaiensis 
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Plastics has become essential in human lives due to their desirable properties in 20th century. However, as the 
most of plastics are non-degradable, plastic wastes are accumulated in landfills and ocean, resulting in serious 
environmental problems[1] [1]. The enzymatic degradation of PET has attracted attention because the specificity 
of the enzyme allows selective degradation of plastics, breaking down polymers into monomer units [2]. The 
development of a polyethylene terephthalate (PET) hydrolyzing enzyme requires an accurate understanding of the 
PET decomposition mechanism. Although intensive studies have been carried out within a few years, the 
strategies of IsPETase and microscopic mechanism of enzymatic PET degradation are still not clear. Here, we 
report a novel PET hydrolase from Rhizobacter gummiphilus (RgPETase), which has a hydrolyzing activity 
similar to IsPETase toward microcrystalline PET but distinct behavior toward low crystallinity PET film. 
Structural analysis of RgPETase reveals that the enzyme shares the key structural features of IsPETase for high 
PET hydrolysis activity but has distinguished structures at the surface-exposed regions. RgPETase shows a unique 
conformation of the wobbling tryptophan containing loop (WW-loop) and change of the electrostatic surface 
charge on the loop dramatically affects the PET-degrading activity. We further show that effect of the electrostatic 
surface charge to the activity varies depending on locations. This work provides valuable information underlying 
the uncovered PET decomposition mechanism [3]. 
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 P0402   Structural Studies on an Acetyl-CoA Acetyltransferase from Bacillus cereus ATCC 14579 
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Bacillus cereus ATCC 14579 is a known polyhydroxybutyrate (PHB)-producing microorganism that possesses 
genes associated with PHB synthesis such as PhaA, PhaB, and PHA synthases. PhaA (i.e., thiolase) is the first 
enzyme in the PHA biosynthetic pathway, which catalyze the condensation of two acetyl-CoA molecules to 
acetoacetyl-CoA. Our study elucidated the crystal structure of PhaA in Bacillus cereus ATCC 14579 (BcTHL) in 
its apo- and CoA-bound forms. BcTHL adopts a type II biosynthetic thiolase structure by forming a tetramer. The 
crystal structure of CoA-complexed BcTHL revealed that the substrate binding site of BcTHL is constituted by 
different residues compared with other known thiolases. Our study also revealed that Arg221, a residue involved 
in ADP binding, undergoes a positional conformational change upon the binding of the CoA molecule. 
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 P0403   Cloning and Expression of VP0 Antigen from Foot and Mouth Disease Virus in Saccharomyces 
cerevisiae 
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Virus-Like Particles (VLPs) Based Vaccine, an approach that fights viruses with its own weapon, is one of the 
most exciting emerging vaccine technologies for generating effective and long-lasting protection. Foot and Mouth 
Disease Virus (FMDV), a member of the family Picornaviridae that causes vesicular disease in ungulates, has 
seven serotypes and a large number of strains. The FMDV genome contains a single large open reading frame, 
which encodes a precursor polyprotein that processed by virus-code proteases for the formation of structure (VP0, 
VP1 and VP3) and nonstructural proteins. During virus maturation, capsid protein VP0 is further self-cleaved to 
capsid proteins VP2 and VP4. In which, VP1, VP2, and VP3 are exposed on the surface of the virus, whereas VP4 
is located internally. VP0 is essential to FMDV capsid formation, the cleavage of VP0 into VP4 and VP2, known 
as the “maturation cleavage” is the final event in picornavirus morphogenesis. To develop VLPs for FMDV, we 
started to detect the expression of VP0 in Saccharomyces cerevisiae. The synthesized VP0 sequence was cloned 
into a yeast episomal vector, and the recombinant plasmids were transformed into S. cerevisiae. Successful 
transformation of yeast was confirmed by colony PCR and E. coli back transformation. Western blot analysis was 
used to confirm about expression of VP0. Western blot analysis using VP2- antibody showed the presence of 
target band that indicated the protein product of the VP0 gene was successfully expressed 
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 P0404   In situ H2O2 Generation Methods to Support CYP102A1 Peroxygenase 
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Bacterial CYP102A1 is a promiscuous bacterial P450 which is broadly studied due to its capability to produce 
metabolite of drugs and bioactive compounds. The engineering of CYP102A1 has expanded its feature including 
CYP102A1 peroxygenase which the catalytic reaction is driven by hydrogen peroxide (H2O2). The use of 
H2O2 has been considered as an important candidate for biosynthetic pharmaceutical production as the use of 
H2O2 is low cost and expandable. However the H2O2 dependency also lead to its application limitation where the 
high H2O2 concentration causing heme inactivation. Several approach of H2O2 generation has been developed 
such as enzymatic cascade reaction and photocatalysis. In this study we report the use of several H2O2 generation 
systems to drive CYP102A1 peroxygenase catalysis reaction toward metabolite production of drugs and natural 
bioactive compounds. Random mutagenesis at heme domain was used to generate CYP102A1 mutants and high 
throughput screening of more highly active mutants. We examined the peroxygenase activity of its heme domain 
toward several human drugs and natural bioactive compounds via in situ generation of H2O2. We found in situ 
generation system can be used to support CYP102A1 peroxygenase to produce drugs’ metabolites of the drugs 
and natural compunds. 
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from Methylobacterium extorquens AM1 
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Bioconversion of the C1 compounds into value-added products is one of the CO2-reducing strategies. In 
particular, because CO2 can be easily converted into formate, the efficient and direct bioconversion of CO2 
through formate assimilation is attracting attention. The tetrahydrofolate (THF) cycle is the highly efficient 
reconstructed formate assimilation pathway, and 5,10-methenyltetrahydrofolate cyclohydrolase (FchA) is an 
essential enzyme involved in the THF cycle. In this study, a kinetic analysis of FchA from Methylobacterium 
extorquens AM1 (MeFchA) was performed and revealed that the enzyme has much higher cyclization than 
hydrolyzation activity, making it an optimal enzyme for formate assimilation. The crystal structure of MeFchA in 
the apo- and the THF complexed forms was also determined, revealing that the substrate-binding site of the 
enzyme has three differently charged regions to stabilize the three differently charged moieties of the formyl-THF 
substrate. The residues involved in the substrate binding were also verified through site-directed mutagenesis. 
This study provides a biochemical and structural basis for the molecular mechanism underlying formate 
assimilation. 
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 P0406   Functional and Structural Determination of an Auxiliary Domain-containing PET Hydrolase 
from Burkholderiales Bacterium 

 
Seul Hoo LEE, Dongwoo KI, Mi Jeong KIM, Kyung-Jin KIM 
School of Life Sciences, BK21 FOUR KNU Creative BioResearch Group, KNU Institute for Microorganisms, 
Kyungpook National University, Daegu, Korea 
Corresponding Author Email : dgg0808@naver.com 
 
The indiscriminate use of poly(ethylene terephthalate) (PET) has gradually accumulated environmental problems 
since they have been used. Some specific microbial hydrolases have an extra domain unlike reported PETase or 
cutinases, research on the function of these extra domain in PET hydrolysis is important to the identification and 
selection of a novel PET hydrolase. In this study, we report that a PET hydrolase from Burkholderiales bacterium 
(BbPETase) in full-length exhibits a similar hydrolysis activity against micronized PET and higher thermal stability 
than PETase from Ideonella sakaiensis (IsPETase). We generated the BbPETaseS335N/T338I/M363I/N365G variant that 
enhanced PET-degrading activity and thermal stability. Furthermore, we revealed that BbPETaseAND contributes 
to the thermal stability of the enzyme through close contact with the core domain, but the domain might hinder 
the interaction of enzyme to PET polymer. We suggest that BbPETase is an enzyme in the evolution of efficient 
PET degradation and molecular insight into a novel PET hydrolase provides a novel strategy for the development 
of biodegradation of PET. 
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 P0407   Heterologous Protein Expression in Escherichia coli Using a Novel Protein Fusion Partner 
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Proteins with novel functions or advanced activities developed by various protein engineering techniques must 
have sufficient solubility to retain their bioactivity. However, inactive protein aggregates are frequently produced 
during heterologous protein expression in Escherichia coli. To prevent the formation of inclusion bodies, fusion 
tag technology has been commonly employed, owing to its good performance in soluble expression of target 
proteins, ease of application, and purification feasibility. With respect to this, researchers have continuously 
developed novel fusion tags to expand the expression capacity of high-value proteins in E. coli. A novel fusion 
tag comprising carbohydrate-binding module 66 (CBM66) was developed for the soluble expression of 
heterologous proteins in E. coli. The target protein solubilization capacity of the CBM66 tag was verified using 
seven proteins that are poorly expressed or form inclusion bodies in E. coli: four human-derived signaling 
polypeptides and three microbial enzymes. Compared to native proteins, CBM66-fused proteins showed improved 
solubility and high total production yield. The protein-solubilizing effect of the CBM66 tag was compared with 
that of two commercial tags, maltose-binding protein and glutathione-S-transferase, using poly(ethylene 
terephthalate) hydrolase (PETase) as a model protein; CBM66 fusion resulted in a 3.7-fold higher expression yield 
of soluble PETase (approximately 370 mg/L) compared to fusion with the other commercial tags. The intact 
PETase was purified from the fusion protein upon serial treatment with enterokinase and affinity chromatography 
using levan-agarose resin. The bioactivity of the three proteins assessed was maintained even when the CBM66 
tag was fused. The use of the CBM66 tag to improve soluble protein expression facilitates the easy and economic 
production of high-value proteins in E. coli. 
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 P0408   A Study to Improve the Thermodynamic Stability of Lignin Peroxidase Derived 
from Phanerochaete chrysosporium (PcLiP) 
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Lignin peroxidase (LiP) is one of the enzymes that can convert lignin into a high value-added product through 
selective depolymerization owing to the exceptionally high redox potential. However, it is difficult to 
commercialize LiP due to its limitation of instability at high temperature. Among other peroxidases, LiP has a 
similar structure to Soybean peroxidase (SBP), which is known to be thermodynamically much stable compared 
with LiP. Previous studies showed the important role of heme for the structural integrity of SBP since the melting 
temperature (Tm) of SBP without heme molecule was significantly lower than that of holo-form of SBP. Based on 
this observation, we previously developed PcLiP01 (a Phanerochaete chrysosporium LiP isozyme) variants 
harboring newly introduced strong interactions between the heme and nearby residues to yield higher thermo-
dynamic stability. In this study, another LiP isozyme (PcLiP03) was also studied to increase the thermostability, 
which might suggest the possibility of theory expansion to even other heme-containing enzymes. 
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Loop-Mediated Isothermal Amplification(LAMP) is an isothermal PCR technique that uses Bst polymerase, all 
reactions are carried out at isothermal temperatures. Bst polymerase not only mediates DNA amplification but 
also has weak reverse transcriptase function. The concentration of aptamers measured after each SELEX round 
will aid in selecting the desired aptamer pool. Truncation, a process of removing unnecessary site of the aptamer 
based on MOE software, was performed after SELEX process. Schematic 2D representations of protein-aptamer 
complex was generated by Ligplot. The potential application of this research include detection RNA virus-
mediated disease, such as avian influenza, timely and conveniently 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 also was supported by Basic Science Research Program through the National Research 
Foundation of Korea(NRF) funded by the Ministry of Education(2020R1A6A1A06046235). 
 
Keywords : aptamer, Bst polymerase, LAMP, MOE 
 
References 
1. Notomi, T., Okayama, H., Masubuchi, H., Yonekawa, T., Watanabe, K., Amino, N., & Hase, T. Nucleic Acids 

Res. 28(12), e63-e63 (2000).  
2. Ahmad, N. A., Zulkifli, R. M., Hussin, H., & Nadri, M. H. J. Mol. Graph. Model. 105, 107872 (2021). 
 
 
  

Advanced Biotechnology for Human Society2022 한국생물공학회 춘계학술발표대회 및 국제심포지엄
2022 KSBB Spring Meeting and International Symposium

334



 P0410   Tumor Homing Peptides as Fusion Partners of Therapeutic Proteins for Efficient Cancer Cell 
Penetration 
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For various protein applications, it is necessary to develop a method that can effectively and specifically deliver 
proteins into cells. In this study, tumor-homing peptides (THPs) were fused with enhanced green fluorescence 
protein (eGFP). And then, they were compared to peptide delivery efficiency into breast cancer cells. Seven THP-
fused eGFPs were successfully cloned into the pET-23a vector and expressed in Escherichia coli. When 
comparing penetration efficiency according to the protein concentration, THP4-fused eGFP showed concentra-
tion-dependent and cell-type-specific protein delivery to MDA-MB-231. Also, THP7-fused eGFP showed better 
protein delivery efficiency to MDA-MB-231 above a certain concentration. Finally, under extended comparison 
among other THPs, THP6 showed the most cellular penetration to MDA-MB-231 cells than eGFP. This finding 
is expected to be utilized in various fields, including research, diagnostics, and therapeutic protein delivery to 
specific cancer cells. 
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2'-Fucosyllactose(2’-FL) accounts for the largest portion of human milk oligosaccharide compounds, which are 
functional materials with prebiotic effects. Compared to its industrial importance, the efficiency of the current 2'-
FL production enzyme, α-1,2-fucosyltransferase, is low. Directed evolution through random mutagenesis is a 
powerful tool for enhancing enzyme properties, but it takes a lot of time and effort without a simple screening 
method. Here we report high-throughput screening system, which is a colorimetric analysis method for measuring 
the activity of mutant library. Calf intestine alkaline phosphatase (CIAP) separated GDP generated by the reaction 
of α-1,2-fucosyltransferase to single phosphate and GMP, and the amount of single phosphate was detected with 
Malachite Green. Quantitation of 2’-FL by our colorimetric method was linearly proportional to that by HPLC. 
Through the comparison with HPLC analysis, we showed that our colorimetric method could successfully 
quantitate the produced 2’-FL. 
** This research was supported by Korea Environmental Industry and Technology Institute(KEITI) grant funded 
by the Ministry of Environment of Korea. 
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Because of its safety, rapid growth, low nutritional need, and high resilience to inhibitory compounds, 
Pseudomonas putida has earned a lot of interest as a bacterial host for synthetic biology, metabolic engineering, 
and biotransformation. We selected trehalose synthase, a TreS derived from P. putida KT2440 strain, as an 
expression target protein for surface display, and designated this bacterium as a host strain for cell surface display. 
Using a host strain expressing TreS, it can be used as an immobilized biocatalyst that converts inexpensive and 
economical sugar into value-added trehalose. In this study, we employed two outer membrane proteins, OprF 
from Pseudomonas and YiaT from Escherichia coli, as an anchoring motif for surface expression of trehalose 
synthase. Localization of fusion protein was confirmed by whole cell isomerization activity measurement, 
Western blot analysis, and immunofluorescence microscopy. 
 
Keywords : enzyme engineering, cell surface display, trehalose synthase, Pseudomonas putida KT2440 
 
 
  

Advanced Biotechnology for Human Society2022 한국생물공학회 춘계학술발표대회 및 국제심포지엄
2022 KSBB Spring Meeting and International Symposium

337
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Ubiquitin-specific protease 38 (USP38) is a cysteine protease expressed ubiquitously in skeletal muscle and 
adrenal gland. Human USP38 (UniProtKB – Q8NB14) is 1042 residues consisting of the HEAT domain, catalytic 
domain (UCH), and C-terminal domain (CTD). USP38 plays an important role in interferon signaling, histone 
modification, ciliopathies, colorectal cancer, and more. Yet, not much is known about its biochemical and 
biophysical properties. The catalytic activity of the UCH domain is often regulated by the internal domains or 
external proteins as well as post-translational modifications. The CTD has an unknown function, and the UCH 
domain contains a 91-residues long insertion (INS) which is significantly longer than those seen in other USPs. 
In this study, we have investigated whether the CTD and INS affect the deubiquitinating activity of the UCH 
domain. Also, we will report our attempts on the structural characterization. 
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 P0414   Basic Fibroblast Growth Factor Delivery Using Human Serum Albumin Nanoparticles for 
Effective Wound Healing 
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Since basic fibroblast growth factor (bFGF) has intrinsic properties involved in tissue growth and regeneration, it 
has been suggested as a significant substance for wound healing. Despite the advantages, using bFGF in clinical 
applications has limitations due to instability of the protein. In this study, to overcome the limits by improving 
stability of bFGF, protein nanoparticles containing bFGF with human serum albumin (HSA) were manufactured. 
The shape and size of the generated HSA-bFGF protein nanoparticles was uniform, and bFGF showed sustained 
release from the protein nanoparticles. In order to investigate an influence of the HSA-bFGF protein nanoparticles 
on cell migration and proliferation activity, the protein nanoparticles were treated to human dermal fibroblasts 
(HDFs). According to the results, HDFs cultured with HSA-bFGF protein nanoparticles showed enhanced cell 
migration, resulting in reduction of wounded area. Also, cells treated with bFGF in the form of protein 
nanoparticles showed significantly improved cell viability. Therefore, by producing HSA-bFGF protein 
nanoparticles, important biological characteristics of bFGF were stably maintained. Consequently, HSA-bFGF 
protein nanoparticles are suggested not only as a protein deliver but also as a useful protein stabilizer for effective 
wound healing and tissue regeneration. 
 
Keywords : basic fibroblast growth factor, protein nanoparticle, wound healing, tissue regeneration, human 
dermal fibroblasts 
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 P0415   Rational Design of Phosphomannose Isomerase from Corynebacterium glutamicum to Improve 
Catalytic Activity 
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Phosphomannose isomerase (EC 5.3.1.8) (PMI) is an enzyme involved in the biosynthesis of high value-added 
compounds such as GDP-mannose and fucosyllactose [1-3]. We studied the improvement of the activity of PMI 
to synthesize mannose 6-phosphate. For this purpose, we applied rational design to construct a mutant enzyme. 
We predicted binding pose of fructose 6-phosphate at the active site of PMI from Corynebacterium glutamicum. 
After literature search, we discarded catalytic residues and key residues for substrate recognition [1,4]. Finally, 
we selected four active site residues to introduce mutations. We did saturation mutagenesis for these four active 
site residues. Among the mutant enzymes, L84V mutant showed 25 % increased activity. This mutant showed the 
same thermostability as wild-type enzyme. The reason for the increased activity was elucidated by using protein-
ligand docking. 
** This research was supported by Korea Environmental Industry and Technology Institute(KEITI) grant funded 
by the Ministry of Environment of Korea. 
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 P0416   Overcoming Arginine Deiminase Resistance in Melanoma by Intracellular Delivery of Arginine 
Deiminase 
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Arginine deiminase (ADI) is a microbial enzyme which catalyzes the hydrolysis of L-arginine to L-citrulline and 
ammonia. Recombinant Mycoplasma ADI has been utilized as an anti-tumor agent against arginine-auxotrophic 
cancers such as melanoma. However, there still lies the problem of ADI resistance in melanoma. When melanoma 
cells are exposed to ADI, they express argininosuccinate synthetase 1 (ASS1) for intracellular arginine synthesis. 
In previous studies, it was observed that 30Kc19α could be used to deliver cargo proteins to cells. Herein, we 
fused 30Kc19α to ADI for intracellular delivery of ADI to overcome the ADI resistance in melanoma cells. ADI 
and ADI-30Kc19α proteins were expressed in E. coli. The solubility and stability of ADI were increased when 
fused to 30Kc19α. ADI-resistant melanoma cells were established by continuous exposure to ADI 
and ASS1 mRNA expression level was dramatically increased in the ADI-resistant melanoma cells. Treatment of 
ADI-30Kc19α to melanoma cells resulted in higher cytotoxicity in ADI-resistant melanoma cells than ADI alone. 
Thus, we suggest that ADI-30Kc19α could be used to overcome ADI resistance and be applied for the melanoma 
treatment. 
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 P0417   Hydroxylation of Phloretin to 3’-hydroxyphloretin by Bacillus subtilis Spore Displayed 
Tyrosinase 
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Using Bacillus subtilis spore displayed tyrosinase from BM3 biotransformation of phloretin, one of the 
dihydrochalcone found in apple bark, was tried. After HPLC analysis, biotransformed product was identified and 
it was further analyzed using LC/MSMS and 1H-NMR to be revealed as 3’-hydroxyphloretin. 100 % conversion 
of 1 mM phloretin was obtained after 7 hr incubation at 37°C. To exploit the inherent stability of Bacillus spore, 
which is used as immobilizing vehicle for the tyrosinase, repeated usage of spore displayed tyrosinase was tried. 
The spores were collected by centrifugation and the reaction was re-performed in the same way as in the initial 
experiment, and the biotransformation proceeded through 7 recycling cycles without showing any decrease of 
activity. 
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 P0418   Industrial Dyes Decolorization by CotA Laccase of Bacillus subtilis Spore 
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In this study, we report the functional surface display of laccase, cotA of B. subtilis, which could be applied to 
decompose industrial dyes. CotA spore coat protein is known to have multi-copper oxidase (laccase) activity. 
First, we confirmed the decolorization rate of Acid green 25, anthraquinone dye by 20 % in 5 hrs using a wild-
type Bacillus subtilis spore which containing original copy of CotA. To express CotA protein on the surface of 
the spores, anchoring motives CotE was used. And we confirmed improved decolorization rate of Acid green 25 
by 50% in 5 hrs using a recombinant Bacillus subtilis spore. His6-tag was added at the C-terminal of target protein, 
CotA. Exact expression of CotE-CotA fusion protein was confirmed by SDS-PAGE and Western analysis of spore 
extracted protein. The spore surface expression of fusion, CotE-CotA, was confirmed by flow cytometry using 
FITC labelled anti-His6 antibody. 
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 P0419   Production of Mini-Golf from E. coli for Non-Cell-Based Functional Analysis of Olfactory 
Receptors 
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Olfactory receptors (ORs) play a very important role in human sense of smell. Analysis of the odor-binding 
patterns by various ORs is essential to understanding the human olfaction. Currently, many cell-based assays by 
heterologous expression of ORs in mammalian cells are used to evaluate the response of ORs to odor molecules. 
High-throughput assays to measure the binding of ORs to odor molecules without negative external influences 
are required for analyzing complex odor-binding patterns. However, several limitations of cell-based assays, 
including expression variation between ORs, difficult reaction control and cytotoxicity by odor molecules, have 
made it difficult to accurately analyze odor-binding patterns. Mini G protein consists of a single domain of G 
protein α-subunit engineered to form a stable complex with active state of GPCR. Herein, mini-Golf was produced 
from E. coli and applied to measure OR activation. In addition, ORs were expressed from E. coli and reconstituted 
in phospholipid nanodiscs. The interaction between mini-Golf and OR nanodiscs enables effective OR functional 
analysis. We anticipate that the non-cell-based OR functional assay can be utilized to develop a promising tool 
for analyzing olfactory information. 
 
Keywords : mini G protein, mini-golf, olfactory receptor, odor-binding pattern, non-cell-based assay 
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 P0420   Engineering of CO2 and Formate Affinity for MeFDH1 through CO2 and Formate Channel 
Redesign 
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Converting carbon dioxide (CO2) into valuable chemicals is one of efffective ways to reduce greenhouse gas at 
atmosphere. Among them, our team has developed the biocatalytic method converting carbon dioxide (CO2) into 
formate using MeFDH1. Formate productivity cannot be higher than expected due to several reasons and one of 
crucial reasons is the poor carbon dioxide (CO2) affinity of MeFDH1 compared with that of formate. To address 
this problem, we tried to search for channels transporting CO2 and formate into active site of enzyme. CO2 channel 
and formate channel are predicted through hydrophobicity of common channels, which will be the basis for 
engineering of MeFDH1 to alter the affinity toward CO2 and formate. 
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 P0421   Selectivity of Lignin Peroxidase – Catalyzed Side-Chain C-C Bond Cleavage of Lignin Model 
Compounds: Toward the Role of Phenolic Hydroxyl Groups 
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The presence of several monomers linked with diverse linkages types, including C-O and C-C bonds, is 
responsible for lignin's intransigence, which results in a challenging depolymerization process. Various 
approaches for selective C-C bonds cleavages found in native lignin have been performed to convert lignin from 
waste by-products into value-added chemicals, including chemical-based and biological-based degradation. 
Among them, enzymatic depolymerization of lignin becomes a promising strategy because of its selectivity, low 
energy demand, and mild conditions of reactions [1]. Although lignin peroxidase from Phanerochaete 
chrysosporium (PcLiP) has been characterized for the cleavage of phenolic and non-phenolic lignin structures due 
to its unusually high redox potential [2], the reaction's selectivity and nature of products have not been intensively 
identified. In this study, we reported the intrinsic effects of free-phenolic hydroxyl groups of lignin structure on 
the C-C bond cleavage routes of β-aryl ether linkages and the determination of the product's structures by using 
NMR method. Our results demonstrated that PcLiP is a highly effective biocatalyst for the successful cleavage of 
C-C bonds harboring high dissociation energy in lignin model compounds with excellent selectivity under ambient 
temperature, aqueous and aerobic conditions. 
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 P0422   Detection of Meat Deterioration with Olfactory and Taste Receptor-Embedded Nanodiscs 
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Meat is a perishable food and its deterioration causes serious food-borne illness. Determination of such 
deterioration is usually carried out in physicochemical methods, which is time consuming and destructive. 
Therefore, an immediate and non-destructive method to detect meat deterioration is needed. During meat 
deterioration, volatile organic compounds (VOCs) such as octanol, hexanal, and trimethylamine are produced by 
microbial activities and catalytic activities.1 As people notice food spoilage by its off-flavor, it is available to 
detect meat deterioration by utilizing human olfactory and taste receptors which are responsible for sensing VOCs 
related to deterioration.2 Olfactory and taste receptors were embedded in lipid nanodiscs (NDs) not only to keep 
their structural characters and selective binding affinity to their ligands but also to enable their combination with 
other sensor components.3 Herein, receptors binding to well-known meat deterioration-related VOCs were 
produced and embedded in NDs. Binding affinity of these NDs were confirmed by tryptophan quenching assay. 
Thus, receptor-embedded NDs are potentially able to detect meat deterioration. 
 
Keywords : nanodisc, olfactory receptor, meat deterioration, taste receptor, biosensor, volatile organic compounds, 
food safety 
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 P0423   Discovery of Hypothetical Proteins from Phanerochaete chrysosporium Secretome as Accessory 
Proteins of Lignin Peroxidase for Selective Lignin Depolymerization 
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Phanerochaete chrysosporium is one of the famous lignin biodegrading white rot fungi with secretory enzymes 
including lignin peroxidases (LiP) and manganese peroxidases (MnP). 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 has been investigated. But there are also challenges such as low 
enzyme yields in native system, or insoluble expression in recombinant system. However much bigger problem 
is that the degradation products are not successfully obtained yet due to repolymerization. Thus, it is hypothesized 
that there are fundamental differences between in vitro and Mother Nature conditions for lignin degradation. We 
hypothesized that there will be accessory proteins in the extracellular space of P. chrysosporium that co-work 
with LiP for lignin degradation. We focused on ten hypothetical proteins (HPs) from the secretome of P. 
chrysosporium and expressed HPs in E. coli or P. pastoris. HPs were co-used with LiP for the reaction with the 
lignin, in order to check whether HPs and LiP have synergistic effect for lignin degradation. 
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 P0424   Phloretin 3-Hydroxylation Catalyzed by Engineered CYP102A3 Enzymes from Bacillus subtilis 
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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 found the possibility that CYP102A3 from bacillus 
subtilis has catalytic activity to convert phloretin and phlorizin to 3-OH products. Wild-type CYP102A3 was 
engineered by random mutagenesis to generate CYP102A3 DNA library. We adopted colormetric colony-based 
method for efficient screening using Escherichia coli (DH5αF´-IQ) for expression of CYP102A3 mutants. Under 
optimal hydroxylation conditions of the 500 µM substrate for mutant lysates, several mutants with a high catalytic 
activity (>10 nmol product/min/nmol P450) were obtained. Three mutants having high activity were selected and 
then kinetic parameters were compared to that of WT CYP102A3. Furthermore, Whole-cell biotransformation 
with CYP102A3 in E.coli was also confirmed. The production of 3-OH phloretin by CYP102A3 was optimized 
by determining cell mass and reaction time. Taken together, CYP102A3 can catalyze regioselective 3-
hydroxylation of phloretin and phlorizin and can be a suitable candidate for industrial application of producing 3-
OH product. 
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 P0425   Structural Basis of the Peptidoglycan Editing Factor PdeF from Bacillus cereus ATCC 14579 
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The coding gene for peptidoglycan editing factor (pdeF) is located in the division and cell wall (dcw) cluster, and 
encodes a protein that has an editing function for misplaced amino acids in peptidoglycan in E. coli. In this study, 
we determined the crystal structure of PdeF from Bacillus cereus (BcPdeF) at a 1.60 Å resolution. BcPdeF exists 
as a monomer in solution and consists of two domains: a core domain containing a Pfam motif DUF152 and a 
smaller subdomain. The X-ray fluorescence spectrum of BcPdeF crystal elucidated that the protein has a Zn2+ ion 
in its active site and the metal ion was coordinated by two histidine and one cysteine residue. We also performed 
docking calculations of the N-acetylmuramate (MurNAc)-L-Ser-D-iGlu ligand in the BcPdeF structure and 
revealed the substrate binding mode of the enzyme. Furthermore, structural comparisons between BcPdeF and 
human fatty acid metabolism-immunity nexus (FAMIN), which also contains the DUF152 motif in its core 
domain, provided a structural basis how the two structurally similar proteins have completely different 
physiological functions. 
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A major constituent of Schisandrin C is one of the main components of Schisandra chinensis. Since olden times, 
Schisandra has been used as a traditional herbal medicine in Asia. Recent studies have shown that Schisandra is 
effective against irritable bowel syndrome (IBS) in an animal study. There is a research result that Schisandra 
affects IBS through the 5-HT3A pathway in the IBS rat model. We found these described below. Co-treatment 
with Sch C inhibited I5-HT in a reversible manner, concentrate-dependent, like-competition, voltage-independent, 
and IC50 values of Sch C. Besides, the main binding positions of Sch C identified through 3D modeling and point 
mutation are V225A and V288Y on 5-HT3A receptor. This is fundamental evidence of the effect of Schisandra 
in the previous study. Thus, we suggest the potential that Sch C may treat IBS in a way. 
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Various types of molecules serve as biomarkers of disease and numerous methods have been reported to quantify 
them. Recently, research efforts have been made to develop point-of-care tests, which contribute to early 
diagnoses of diseases, particularly in resource-limited settings. Here, we report a one-step homogeneous assay 
method based on proximity proteolysis reactions (PPR) for detecting proteins and small molecules. A PPR system 
has been designed such that the proteolysis between protease and zymogen is enhanced in the presence of a target 
analyte. The activated zymogen generates a color signal by hydrolyzing a chromophore. The assay methods 
developed using the PPR have successfully detected several kinds of analytes at subnanomolar concentrations. 
The one-step procedure and color signal of our PPR-based homogeneous assays will enable the development of 
simple point-of-care diagnostics for various types of biomarkers. 
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 P0428   Improvement of Utilizing Formate by Protein Engineering in Methylorobrum Species in silico 
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Formate is the simplest organic acid and reported as one of the desirable bulk chemicals regarding economic and 
environmental benefits. However, lots of microorganisms cannot use formate because of its toxicity and related 
enzymes. In this study, we used Discovery Studio with CHARMm, a molecular dynamics engine, for finding 
candidates of enzyme engineering. We hypothesized that the regulation of structure in the enzyme level could 
improve substrate uptake. First, we can build a suitable homology model based on the known sequence and 
structure. Using the constructed model, we are able to calculate CDOCKER Energy for estimating the stability of 
the enzyme when the enzyme binds to the substrate. According to the serial results, we can find the appropriate 
mutant candidates for improving enzyme stability. Finally, the modified enzyme structure might be show 
improvement of formate uptake. Based on the results, we might get a great mutant to improving formate uptake 
as a sole carbon source.  
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 P0429   Crystal Structure Analysis of Sucrose Phosphorylase from Alloscardovia criceti 
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Glucosylglycerol (GG), which is accumulated in response to environmental stress by various bacteria and plants, 
has strong osmolyte and is attracting attention as a useful moisturizing ingredient in the cosmetic industry. Sucrose 
phosphorylase (EC 2.4.1.7) (SP), known as one of the enzymes producing GG, catalyzes the conversion of sucrose 
to D-fructose and α-D-glucose-1-phosphate. Until now, it is produced through enzymatic glucosylation of glycerol 
by sucrose phosphorylase (SP) of Leuconostoc mesenteroides, but there is a problem in the thermal stability of 
the enzyme. Although SP derived from Bifidobacterium adolescentis with high thermal stability is an alternative, 
there is a problem in that GG production yield is low because of low regioselectivity and low affinity for glycerol. 
Here, we determined the crystal structure of SP from Alloscardovia criceti (AcSP) at a 2.6 Å resolution, in order 
to perform protein engineering to improve the thermal stability of the enzyme and GG production. The asymmetric 
unit contains two molecules, and monomer consists of four domains, which can be divided into the domain A, B, 
B’, and C. The domain A has the glycoside hydrolase family 13 is characterized by having a (β/α)8-barrel 
comprising the catalytic domain. An active site cleft was formed around domains A, B and B’, and conformation 
changes of domain B’ during substrate-binding. The dimer is formed by hydrogen bonding and salt bridges 
between the β-sheet β6 and helix α4-5 in domain B of each chain. Based on protein structure by understanding 
the reaction mechanism, it can be expected to mass-produce GG, which is used as a safe food ingredient due to 
its moisturizing effect and sweet taste, through protein engineering. 
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Advanced Biotechnology for Human Society2022 한국생물공학회 춘계학술발표대회 및 국제심포지엄
2022 KSBB Spring Meeting and International Symposium

354



 P0430   An Exceptionally Thermostable and Halophilic β-class Carbonic Anhydrase from Thermovibrio 
ammonificans for CO2 Capture and Utilization 
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Carbonic anhydrase (CA), an enzyme that catalyzes the CO2 hydration with the ultrafast kinetics, has been 
considered as a potential biocatalyst for CO2 capture and utilization. However, low enzyme stability at high 
temperature and high salt conditions of CO2 capturing systems limits the industrial application of CA. Here, a 
novel β-class CA from Thermovibiro ammonificans (β-TaCA) was studied as a highly thermostable and halophilic 
CA. The β-TaCA was successfully expressed and purified in an E. coli host. The purified β-TaCA became 
insoluble and showed low enzyme activity under low salt conditions, requiring high salinities for conformational 
stability. The enzyme showed an exceptional thermostability, showing 93% of residual activity after 12 h at 90 
°C under 2 M NaCl. In aqueous K2CO3 that is widely used as a CO2 absorbent, the β-TaCA showed a half-life of 
192 h at 40 °C, which was 3.6-fold higher than that of DvCA10.0, one of the most thermostable CAs known to 
date. These results show that β-TaCA can be used as a powerful catalyst for CO2 capture and utilization. 
  
Keywords : carbonic anhydrase, Thermovibrio ammonificans, carbon dioxide capture, thermostable, halophilic 
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 P0431   Proteomics-based Discovery of Biomarker Candidates Specific to Xerostomia in Saliva Samples 
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Xerostomia is a symptom of dry mouth, which is caused by reduced saliva secretion from the salivary glands. 
When xerostomia becomes severe, mastication and pronunciation are difficult, and mouth burning sensation and 
infection can occur. In our current study, we performed proteomic analysis using liquid chromatography-tandem 
mass spectrometry (LC-MS/MS) in combination with tandem mass tag (TMT) labeling which enabled 
simultaneous comparisons of relative protein abundances of individual saliva samples in order to find proteins 
having significant abundance changes related to xerostomia. Saliva samples from 10 controls, 10 Sjögren's 
syndrome patients without xerostomia denoted as SS, and 10 Sjögren's syndrome patients with xerostomia denoted 
as SX were subjected to in-solution tryptic digestion followed by labeling with two sets of 16 TMT isobaric 
reagents. The peptides labeled with isobaric reagents were then fractionated using high-pH reversed-phase 
chromatography and analyzed using Orbitrap Eclipse Tribrid mass spectrometer. From the mass spectral runs, a 
total of 3,043 proteins with two unique peptides were identified and 2,345 proteins of them had quantifiable 
information. When one-way analysis of variance (ANOVA) for the 2,345 proteins was applied, 945 proteins from 
three types of saliva samples showed statistical significance (P-value < 0.05). Tens of saliva proteins showing 
statistically significant changes in SS and/or SX groups compared to control groups were found and several of 
them were being verified using enzyme-linked immunosorbent assay (ELISA). 
 
Keywords : proteomics, biomarker, xerostomia, drymouth, saliva samples, Tandem mass tag(TMT) labeling, 
Sjögren's syndrome, enzyme-linked immunosorbent assay (ELISA) 
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 P0432   Structural and Functional Investigation of the Domain Fusion in Glycerol Dehydratase that 
Reduces the Oxygen and Glycerol Inactivation Rate 
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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 : enzyme engineering, structural analysis, glycerol, inactivation, cobalamin 
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 P0433   Efficient Preparation of Tri-partite Split GFP for in vitro Reconstitution Applications 
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Tri-partite split GFP has gained great attention because it can be easily fused with the protein of interest (POI) 
and does not require any substrate for protein-protein interaction (PPI) analysis. However, the split GFP1-9 in the 
tri-partite GFP sometimes causes problems due to its low expression level and low solubility, so that its uses have 
been limited. In particular, for in vitro applications, elaborate refolding process should be taken for preparation of 
split GFP1-9 to date. Here, the split GFP1-9 was improved in its expression levels and solubility to be used for in 
vitro reconstitution applications. We developed the expression and purification systems of split GFP1-9 based on 
intein-splicing method by designing the linker. Intein-mediated purified split GFP1-9 (ipGFP1-9) with GRA linker 
showed 14-folds of improved expression level with almost 100% solubility. The ipGFP1-9 showed a 49 times 
higher fluorescence recovery yield compared to the refolded split GFP1-9, when it was reconstituted with partial 
beta-strand 10-11 of GFP (S10-11). Also, we investigated the effects of pH and salt conditions for efficient in 
vitro reconstitution of ipGFP1-9 and S10-11. Finally, we investigated the effect of molar ratio of tri-partite split 
GFP composition on the in vitro reconstitution process. The efficient preparation of ipGFP1-9 will be useful for 
extending the tri-partite GFP system to in vitro applications with high sensitivity and reliability, in particular the 
development of PPI-based analysis or sensing systems. 
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 P0434   Establishment of Nanobody-Based ELISA Using Esterase Activity of Lipase A 
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Enzyme-linked immunosorbent assay (ELISA) is a gold standard method for detecting a specific protein antigen. 
To detect the ELISA signal, there are two major enzyme used Calf intestinal alkaline phosphatase (CIP) and 
horseradish peroxidase (HRP) to chemical conjugation with antibody. Despite the preparation steps of enzyme 
conjugated antibodies need a lot of effort, enzyme-conjugated antibodies are unstable in light exposure or freeze-
thawing. We studied Lipase A (LipA) which has esterase activity from bacillus subtilis, as a new candidate 
enzyme for ELISA. LipA is 19 kDa small size non metallo-enzyme and easily expressed in E. coli. We proved 
ELISA performance of LipA by reconstruction with nanobody (Nb). Nb-LipA in E. coli has shown similar 
sensitivity compared commercial HRP conjugated antibody. Even more, LipA and Nb based protein show high 
stability by light and freeze-thaw cycle compared HRP conjugated antibody. Nb-LipA system could substitute 
conventional chemical conjugation based ELISA due to its high productivity and high stability. 
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 P0435   Delivery of Fusion Protein, 30Kc19α-LIN28A, Using Human Serum Albumin Nanoparticles to 
Enhance Wound Healing Effect 
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As a transcription factor, LIN28A has been studied to regulate Let-7 family-associated cellular developments, 
metabolisms, and tissue regeneration. However, there have been limitations in clinical applications of LIN28A, 
due to instability and short half-life (about 12 h) of the protein. In addition, it was necessary to intracellularly 
deliver the protein since LIN28A functions in the cytoplasm. In this study, to overcome these limitations of 
LIN28A, we not only fused LIN28A with cell-penetrating protein 30Kc19α, producing 30Kc19α-LIN28A, but 
also manufactured human serum albumin (HSA) protein nanoparticles loaded the fusion protein. To investigate 
an influence of the 30Kc19α-LIN28A protein nanoparticles on cell migration and proliferation activity, the protein 
nanoparticles were treated to human dermal fibroblasts (HDFs). As a result, HDFs cultured with the 30Kc19α-
LIN28A protein nanoparticles showed statistically significant increase in cell migration, resulting in reduction of 
wound area. Moreover, HDFs treated with the protein nanoparticles showed significantly enhanced proliferation, 
compared with control. Therefore, in the form of HSA-30Kc19α-LIN28A protein nanoparticles, intracellular 
delivery and stability of the transcription factor LIN28A was improved. These results suggested that HSA 
nanoparticles with 30Kc19α-LIN28A could be an useful protein deliver and also efficient protein stabilizer for 
effective wound healing and tissue regeneration. 
 
Keywords : LIN28A, 30Kc19α, fusion protein, protein nanoparticle, wound healing, tissue regeneration, human 
dermal fibroblast 
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 P0436   Site-Specific Conjugation of Native Antibody via a Photocrosslinking Reaction 
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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-reactive amino acid 
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 P0437   Anti-fungal Activity and Anti-inflammatory Activity of PS1-2 Peptide Against Drug-
resistant Candida albicans 
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A clinically fungal pneumonia can rarely be caused in adults, but invasive fungal infections cause substantial 
morbidity and mortality via sepsis and septic shock. Here, we examined the fungicidal activity, binding affinity 
to C. albicans, time-kill kinetic activity, anti-inflammatory effects of PS1 peptides. In addition, anti-inflammatory 
effects of PS1-2 in mice infected with fluconazole and amphotericin B-resistant C. albicans. It exerted a potent 
growth-inhibitory action against C. albicans CCARM 14007 planktonic cells, regardless of ionic strengths and 
elevated temperatures. Furthermore, PS1-2 showed a significant inflammatory effect against lipopolysaccharide-
treated RAW 264.7 cells and inhibited the production of nitric oxide and tumor necrosis factor-α in the infection 
mouse model (NRF-2021R1I1A1A01059762). 
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 P0438   An Organic Solvent Tolerant Tyrosinase from Citreicella sp. 
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Tyrosinase catalyze the ortho-hydroxylation of monophenols and the oxidation of diphenols without any 
additional cofactors. They are primarily active in aqueous solutions. However, many reactive compounds, 
including catechol derivatives and phenolic phytochemicals, have limited solubility in aqueous media. In our 
study, a tyrosinase gene originating from Citreicella sp. was obtained and heterologously overexpressed in E. coli. 
The purified enzyme showed remarkably high activity and stability in various organic solvent media. The 
abnormal catalytic properties enabled to overcome low solubility of catecholic compounds in aqueous media. The 
enzyme could be efficiently applied to the modification of model catecholic compounds in organic media. These 
results demonstrate strong potential for this enzyme's use as an efficient biocatalyst for the biosynthesis of catechol 
derivatives. 
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 P0439   Syringaldehyde Production from Syringic Acid by Carboxylic Acid Reductase-expressing Whole 
Cell 
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Efficient conversion of lignocellulosic biomass into value-added chemical compounds is ever more important due 
to the international concerns to suppress carbon emission, as lignocellulose is the key component of the carbon 
neutral cycle. Syringic acid is a redox intermediate derived from the oxidative degradation of lignin that can be 
converted to syringaldehyde with antioxidant, anticarcinogenic and antibiotic characteristics. Until recently, 
syringaldehyde production has relied on multistep chemical reactions with uses of toxic reagents. In this study, a 
biological process has been developed to overcome the energetically unfavorable reaction in an environmentally 
friendly manner, by utilizing Escherichia coli overexpressing a carboxylic acid reductase (CAR) as a whole cell 
biocatalyst. Escherichia coli expressing each of fourteen different CAR genes were subjected to screening and 
the reaction conditions were optimized to yield 90% conversion. 
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 P0440   Construction of Pesticides Recovering Escherichia coli through the Cell Surface Display of 
Binding Peptide 
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Fenitrothion, or O, O-dimethyl O-(3-methyl-4-nitrophenyl) phosphorothioate, is a nitrophenolic pesticide that has 
been widely used in agriculture. The inhibition of acetylcholine esterase activity and inhibition of acetylcholine 
breakdown in synapses result in the accumulation of acetylcholine in synapses, which causes convulsions, 
paralysis, and death of insects. However, under aerobic conditions, the major hydrolysis metabolite of 
fenitrothion, 3-methyl-4-nitrophenol, is toxic to many living organisms, raising environmental safety concerns. In 
this study, fenitrothion-adsorbing recombinant Escherichia coli was constructed through the display of pesticide-
binding peptide, using OmpC as an anchoring motif. 
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 P0441   Enhanced Soluble Expression of a PET-degrading Enzyme by Using an Intrinsically Disordered 
Peptide Tag 
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A global pollution caused by an increasing amount of recalcitrant polyethylene terephthalate (PET) waste has 
been a serious environmental problem. Recently, a PET-degrading enzyme (IsPETase) has been identified 
from Ideonella sakaiensis, a bacterium that can grow on PET as a sole carbon and energy source at ambient 
temperature. However, both the expression level and the solubility of IsPETase in recombinant Escherichia 
coli hosts are not sufficiently high, limiting its application to a large-scale industrial PET degradation as well as 
further biochemical studies. In this study, the NEXT tag, a small intrinsically disordered peptide, was employed 
as a fusion tag for improving the solubility and expression level of IsPETase in E. coli. The soluble expression of 
NEXT-IsPETase was 8.3-fold improved compared to that of the untagged counterpart at 37 ºC. The temperature, 
the IPTG concentration and the post-induction time for the optimal expression of NEXT-IsPETase were 
determined to be 30 ºC, 0.2 mM, and 12 h, respectively. The purified NEXT-IsPETase showed a half-life of 40 
min at 50 ºC, which was 3.8-fold higher than that of the untagged enzyme. The improved thermal stability of 
NEXT-IsPETase was attributed to the improved enzyme solubility, which can reduce the loss of enzyme activity 
by preventing enzyme aggregation and precipitation. Finally, the biodegradation of PET film was tested by using 
the whole-cell lysate as a potentially cheap source of large amount of NEXT-IsPETase. These results demonstrate 
that the NEXT-tagged IsPETase can be used as a useful and efficient tool for the biodegradation of PET. 
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3-Hydroxypropionic acid (3-HP) is a key building block for value-added chemicals. A biological route for 
synthesizing this molecule is two-step enzymatic reactions; dehydration of glycerol to 3-hydroxypropanal (3-
HPA) by glycerol dehydratase and then oxidation of 3-HPA to 3-HP by aldehyde dehydrogenase. Here, we report 
an aldehyde dehydrogenase, an engineered α-ketoglutaric semialdehyde dehydrogenase (KGSADH) from 
Azospirillum brasilense. The variant, named 2C10, was obtained by applying a large KGSADH library to a 
selection method based on a 3-HP-responsive transcription factor and then a screening method for observing the 
activities of individual clones. 2C10 exhibited a 4.65-fold higher catalytic activity (kcat/Km) toward 3-HPA than 
the wild-type enzyme. The flask culture of Pseudomonas denitrificans with 2C10 resulted in an approximately 
30% increase in 3-HP titer compared with that obtained using wild-type KGSADH. Molecular dynamics 
simulations suggested that compared to the wild-type enzyme, 2C10 has a less flexible and smaller binding pocket 
for aldehyde substrates. 
 
Keywords : directed evolution, aldehyde dehydrogenase, 3-HP 
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 P0501   Chitosan/oleamide-blended Electrospun Fiber as an Antibacterial Nanofiber 
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Nanofibers have been widely applicable ranging from industrial filters to biomedical materials. In particular, they 
are highly attractive as a fibrous scaffold in tissue engineering because they are structurally similar to the 
extracellular cellular matrix on the cell surface. Natural polymers such as collagen, cellulose, and chitosan are 
used to prepare biocompatible nanofibers, where some additional materials are introduced to the fiber for higher 
processability and functionality. Here, we constructed a chitosan/oleamide composite electrospun nanofiber. 
Chitosan is a biocompatible and natural cationic polysaccharide with moderate antimicrobial properties. However, 
many difficulties have been faced in preparing chitosan fibers by electrospinning. On the other hand, as a fatty 
acid amide, oleamide has antifouling properties and can be used as a slip agent. Chitosan/oleamide blending 
showed great electrospinning processibility, and the electrospun nanofiber had enhanced mechanical and 
biological properties. In this manner, we could expect that the nanofiber is potentially used as an antibacterial 
fibrous scaffold. 
 
Keywords : chitosan, oleamide, nanofiber, antibacterial properties 
 
 
 
  

Advanced Biotechnology for Human Society2022 한국생물공학회 춘계학술발표대회 및 국제심포지엄
2022 KSBB Spring Meeting and International Symposium

369



 P0502   Pre-activation of HIF-1α Using PHD Inhibitor Reduces Cisplatin-induced Nephrotoxicity 
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Cisplatin is a commonly used chemotherapy drug but has a critical nephrotoxic side effect that is connected to 
severe acute kidney injury(AKI). Pre-treatment of hypoxia using PHD inhibitor has a protective effect from AKI 
by inducing activation of hypoxia-inducible transcription factor(HIF). [1,2] Therefore, to further use PHD 
inhibitors as a method of protecting against the 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, Proximal tubular 
epithelial cells(HK-2) were treated with different concentrations of FG-4592(Roxadustat) and CoCl2 with 
Na2SO4 followed by cisplatin and showed positive effects both on cell viability and cytotoxicity. To evaluate the 
protective effect of PHD inhibitors related to HIF-1α activation, nuclear translocation of HIF-1α protein and 
mRNA levels of Hypoxia related genes were measured. In addition, genes associated with apoptosis, inflammation 
and kidney injuries are analyzed. These findings may help to overcome the limitations of cisplatin use by 
expanding the applicability of PHD inhibitors to alleviate cisplatin-induced nephrotoxicity. 
 
Keywords : hypoxia , kidney, cisplatin, PHD inhibitor, Roxadustat 
 
References 
1. Li, S., Wen, L., Hu, X., Wei, Q., & Dong, Z. (2021). HIF in Nephrotoxicity during Cisplatin Chemotherapy: 

Regulation, Function and Therapeutic Potential. Cancers 2021, 13, 180. 
2. Yang, Y., Yu, X., Zhang, Y., Ding, G., Zhu, C., Huang, S., ... & Zhang, A. (2018). Hypoxia-inducible factor 

prolyl hydroxylase inhibitor roxadustat (FG-4592) protects against cisplatin-induced acute kidney 
injury. Clinical Science, 132(7), 825-838. 

 
 
  

Advanced Biotechnology for Human Society2022 한국생물공학회 춘계학술발표대회 및 국제심포지엄
2022 KSBB Spring Meeting and International Symposium

370



 P0503   Multifunctional Injectable, Self-healable and Adhesive Hydrogels Using Oxidized 
Succinoglycan/Chitosan for pH-responsive Drug Delivery System 
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We prepared chitosan (CS) based multifunctional hydrogels using oxidized succinoglycan (OSG) with a semi-
dissolving acidified sol-gel transition method. OSG cross-linked CS hydrogels (OSG/CS) was prepared by 
aldehyde-amine Schiff-base reaction. Enhanced mechanical property, excellent self-healing property, tissue-
adhesive property, and antibacterial effect as well as pH-responsive differential swelling was found in the novel 
multifunctional OSG/CS hydrogels. In particular, OSG/CS not only increased thermal stability up to a high 
melting point of 106 °C due to the addition of OSG, but also improved mechanical strength by 5.75 times when 
the molar ratio of OSG:CS was 1:1. Through the tensile test and strain sweep test, OSG/CS showed excellent self-
healing properties by 98.82 % and 99.89 %, respectively. As suitable properties of biomaterials, OSG/CS also 
showed the high compressive stress of 173 kPa at 60 % strain, the adhesive strength of 2,763 kPa, and the 
antibacterial effect of 90 %. Furthermore, OSG/CS showed a pH-controlled drug release pattern for 5-fluorouracil 
(5-FU), where a change of pH from 7.4 to 2.0 accelerated 5-FU release from 60 % to 90 %. WST-8 assay 
demonstrated that OSG/CS maintained 97.30 % cell viability and 98.84 % cell proliferation after 7 days, indicating 
the potential as biocompatible hydrogel materials for biomedical applications such as wound healing, tissue 
engineering and drug release systems. 
 
Keywords : hydrogels, chitosan (CS), oxidized succinoglycan dialdehyde (OSG), self-healing, injectable, 
adhesive, antibacterial effect, cell proliferation, pH-responsive, drug release 
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 P0504   Effect of Graphene Oxide as a Cellular Adhesive in Single-cell Detachment and Shear Stress 
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Anoikis in engrafted stem cells attenuates the therapeutic effect of stem cell transplantation. The utility of stem 
cell therapeutics is limited due to the low cell engraftment rate at the transplant site. Graphene oxide can interact 
with proteins on the cell surface through its versatile oxidative group, and it has been known in previous studies 
that it can be applied for stem cell differentiation by various cellular responses like mechanosensing. In this study, 
graphene oxide was used as a cellular adhesive to increase cell viability in vitro environment that simulates single-
cell detachment and physiological shear stress of the transplant site. It was confirmed through Live/Dead assay 
and CCK8 assay that the experimental group treated with GO under non-adhesive coating with pluronic F-127 
and shear stress through shaking incubator showed higher survival rates. Also, it is known that the lateral size of 
GO is an important factor in stem cell response, and it was confirmed that the GO experimental group with an 
average diameter of 1.7 μm had greater cell viability enhancing effect than the GO with a diameter of 4.6 μm. It 
was confirmed that, unlike nanosize GO, microsize GO was attached to the cell surface and functions as a cell 
adhesion agent in a non-adhesive environment. These results show that GO is a material that can be used for stem 
cell transplantation to increase the engraftment rate of cells. 
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 P0505   NK Cell Encapsulation in Alginate-Chitosan-PEO Microspheres for Cancer Immunotherapy 
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Immunotherapy has transformed the current cancer treatment paradigm in recent years. NK cells are components 
of the innate immune cells that contribute to immune system’s first line defense against infection and malignant 
disease. NK cells can recognize and rapidly destroy malignant cells without prior sensitization. Therefore, NK 
cell is attractive candidate that can be applied to the cancer therapy. However, in tumor microenvironment, TME 
can downregulate NK cell activation directly or indirectly such as hypoxia, acidic and nutrient deleted 
environment. 
To protect the NK cell from affecting activation in TME, we encapsulated NK cell in alginate-chitosan-PEO 
microsphere. For NK cell encapsulation in Alginate-Chitosan-PEO microsphere, droplet-based microfluidic 
techniques are used. The effect of NK cell encapsulation in microsphere are analyzed by cell viability / 
proliferation assay (CCK-8, Live/Dead assay), cytotoxicity assay. And we figure out the impact on NK cells by 
bead size. The NK cell encapsulated in the porous microsphere is protected from tumor microenvironment, 
improving proliferation, cytotoxicity. 
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 P0506   Enhanced Cytotoxic Activity of NK cells with Increased Calcium Influx by Electrical 
Stimulation 
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Natural killer (NK) cells play a crucial role in immunosurveillance independent of antigen presentation, which is 
regulated by maintaining the signal balance via activating and inhibitory receptors. Calcium influx in NK cells is 
essential for killing cancer cells, from target cell recognition to cytotoxic degranulation. However, NK cell 
cytotoxicity is readily impaired by tumor cells, and the immune evasion mechanism remains as an obstacle to 
immunotherapy. We hypothesized that electrical stimulation could induce changes in intracellular calcium levels 
and could also affect the toxic activity of NK cells. In this study, we designed an electrical stimulation (ES) system 
to improve cytotoxic activity of NK cells, which could induce changes in intracellular calcium level. The effects 
of ES on NK cells were analyzed by cell viability, cytotoxicity assay, gene and protein expression level analysis, 
and inhibitor assay using calcium chelator, BAPTA-AM. Breast cancer MCF-7 cells co-cultured with electrically 
stimulated (voltage 0.5, 1.0 V/cm, 1 h) KHYG-1 showed 1.40-fold and 1.55-fold higher cytotoxicity. Gene 
expression level of granzyme B and calcium signaling proteins increased significantly after exposure of ES. 
Calcium influx triggered by ES was chelated with 5 µM BAPTA-AM, which resulted into the decreased level of 
gene expression related to calcium signaling and lytic granule (GZMB). This study suggests a promising 
immunotherapeutic approach without any genetic modification, elucidating the correlation between effector 
function of NK cells and intracellular calcium level. 
 
Keywords : electrical stimulation, natural killer cells, NK cell-mediated cytotoxicity, granzyme, calcium influx 
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 P0507   Mild Reduction of Cell Surface Proteins Reduces Adipogenic Potential through Enhanced Cell 
Adhesion 
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Although cell surface engineering has enormous potential to regulate various cellular functions, such as cell 
adhesion, morphology, migration, invasion, differentiation, and in vivo engraftment, less progress has been made 
in modulating cell fate determination through mild reduction of cell surface proteins. Thus, by harnessing the 
tris(2-carboxyethyl)phosphine (TCEP), a mile reducing agent with an ability to break disulfide bonds within and 
between proteins, we examined a molecular mechanism through which cell surface modification induces cell 
adhesion, spreading and fate determination with an emphasis on adipogenic potential of murine preadipocytes 
(3T3-L1). Our findings revealed that through mild reduction, free active thiol groups on cell surface of 
preadipocytes were successfully exposed and cells exhibited increased cell size, elongation, number and area of 
focal adhesions, leading to the inhibition of adipogenic differentiation of 3T3-L1 cells. Furthermore, by harnessing 
cell traction and intracellular force microscopy, we reported that cell-ECM traction force and intracellular tension 
were significantly increased by mild reduction of cell surface. Collectively, these results highlight the role of mild 
reduction of cell surface in adipogenic differentiation, which may be exploited to regulate cell fate determination. 
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 P0508   Evaluating the Role of Nature Killer Cell in Tumor Microenvironments Using a Collagen Matrix 
Blood Vessel Embedded in a Tumor-on-a-chip Model 
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Cancer cells generate a Tumor microenvironment (TME), which creates environments such as nutritional 
depletion, waste accumulation, pH acidification, and hypoxia and inhibits various types of immune cell activities 
such as nature killer (NK) cell cytotoxicity. In order for immune cells to target and properly remove cancer cells, 
we should know what the molecular mechanism of immune cells is in the suppressive TME, but this is not fully 
understood. Thus, we used an in vitro collagen matrix microfluidic tumor-on-a-chip platform by using 
photolithography to evaluate how NK cells activity change in the tumor-induced suppressive environment 
specifically hypoxia. We designed blood vessel embedded in a tumor-on-a-chip system with lumen that have 
340um diameter using microneedles and seeded NK cell in the lumen. In addition, to generate hypoxia conditions, 
we used sodium sulfate (40mM) and cobalt chloride (0.01mM) were formed and designed to be stacked in multi-
layer. In hypoxia condition, the oxygen concentration should be sustained below 5%, that will be measured 
through a platinum octaethylporphyrin(PTOEP) film. NK cell cytotoxicity will be confirmed through Lactate 
Dehydrogenase(LDH) assay and Live-Dead cell assay. We will check the cytotoxicity and exhaustion of NK cells 
through Reverse transcription-polymerase chain reaction (RT-PCR), and further check whether NK cells could be 
recovered when separated from microfluidic chips. The microfluidic chip designed in this way will be a useful 
insight to study the functionality of NK cells in a 3D environment.  
** This study was funded by Natural Research Foundation of Korea, as the Basic Research Laboratory Program 
(1711119453). 
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For developing new drugs and cosmetics for skin, precise toxicity and drug responses need to be carefully 
evaluated in skin models. Various skin models are used for toxicological testing, such as animal models and 
artificial skins. However, animal models do not provide accurate prediction for drug responses due to species 
difference, and current artificial tissue-engineered skins cannot be used for evaluation of sensitization and 
hepatoxicity. Recently, microfluidic chip systems are employed to assess drug responses as they better recapitulate 
human organ structures and functions than conventional models. In this study, hybrid human skin models were 
developed using microfluidic chip systems in two different designs. In skin-nerve hybrid model, keratinocytes 
were cultured in air-liquid interface to recapitulate skin cornification. Right below skin layer, neural stem cells 
were cultured in 3D hydrogel to allow for neuronal reactivity evaluation. Real-time quantitative skin sensitization 
analysis was conducted by detecting alterations in neuronal reactivity treated with several chemical compounds. 
In skin-liver hybrid model, keratinocytes were cultured in the same way with skin-nerve model, and pluripotent 
stem cell-derived hepatic cells were cultured next to a hydrogel microchannel alongside the skin layer. Using this 
model, hepatoxicity was evaluated by quantification of glutathione and reactive oxygen species. Taken together, 
hybrid human skin models developed by microfluidic chip systems provide advanced toxicological testing 
platforms for development of pharmaceuticals and cosmetic products. 
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Immunomodulation in the local tissue microenvironment plays a pivotal 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 recapitulate natural lymph node tissue 
and provide optimal microenvironments for immunomodulation in both two-dimensional (2D) coating system and 
three-dimensional (3D) hydrogel system. The LNEM with intricate extracellular matrix environment leads to 
immunomodulatory effects and a 3D hydrogel system proves to be more effective than 2D coating system. The 
3D LNEM enhances M2-type marker expression and M2-type function. Macrophages cultured in 3D LNEM also 
alleviates detrimental effects of drugs on the liver organoids when co-cultured. Finally, the implantation of an 
LNEM hydrogel in a mouse volumetric muscle loss model modulates the immune environment of the injury site 
for muscle repair. 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 model 
for drug testing and screening and a therapeutic platform for tissue modeling.  
 
Keywords : immunomodulation, decellularization, macrophage 
 
 
  

Advanced Biotechnology for Human Society2022 한국생물공학회 춘계학술발표대회 및 국제심포지엄
2022 KSBB Spring Meeting and International Symposium

378



 P0511   Decellularized Tissue-Derived Hydrogel with Enhanced Mechanical Property and Adhesiveness 
for Tissue Regeneration 

 
Yi Sun CHOI1, Jung Seung LEE1, Jong Seung LEE1, Eun Je JEON1, Soohwan AN1, Min Suk LEE2,  
Hee Seok YANG2, Seung-Woo CHO1 
1Department of Biotechnology, Yonsei University, Seoul, Korea, 2Department of Nanobiomedical Science & BK21 
PLUS NBM Global Research Center for Regenerative Medicine, Dankook University, Seoul, Korea 
Corresponding Author Email : seungwoocho@yonsei.ac.kr 
 
Decellularization has gained attention in the field of regenerative medicine because it provides tissue-specific 
microenvironment by removing cellular contents for minimal immunogenicity whilst preserving the complex 
composition of extracellular matrix (ECM) and ECM-associated proteins. Especially, the ECM derived from 
decellularized tissue can mimic three-dimensional tissue, which can be utilized in the development of hydrogels 
that support cell culture and transplantation for tissue regeneration. However, conventional thermally induced 
hydrogels made by decellularized ECM have limitations such as long cross-linking time and weak mechanical 
modulus that have restricted their applications in tissue regeneration which requires structural integrity. Here, we 
developed a decellularized tissue hydrogel equipped with oxidative crosslinking chemistry. The modified ECM 
can construct a hydrogel that instantly crosslinks upon oxidation, exhibiting stronger mechanical properties and 
adhesiveness compared to the unmodified ECM hydrogel. These properties allowed for the shaping of scaffolds 
without using any supportive material. The ECM-modified hydrogel demonstrated an enhanced osteogenic 
differentiation of human stem cells and formed new bones in a mouse model of the critical-sized calvarial defect. 
Furthermore, the ECM-modified hydrogel facilitated wound healing by mediating efficient topical delivery of 
growth factors. These results altogether support the applicability of mechanically reinforced, adhesive ECM 
hydrogel for effective tissue regeneration. 
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Cell motility plays crucial role in many biological and physiological conditions such as embryonic development 
wound healing, and cancer metastasis etc. Failure in cell invasion/migration leads to severe complications which 
can cause death. Therefore, a complete understanding of this complex cellular behavior can lead to the 
development of therapeutic for complex human diseases. Conventionally used systems to study the cell invasion/ 
migration have several limitations including non-tunability, and absence of physiological conditions. Herein, we 
reported a polydimethylsiloxane (PDMS) based simple interdigitated disk platform to study the cell 
invasion/migration under hypoxic (0.5% O2) and normoxic (21% O2) conditions. The interdigitated disk was 
seeded with human trophoblast cell (HTR-8/SVneo) and human umbilical vein endothelial cell (HUVEC), 
separated by extracellular matrix (ECM) layer. The trophoblast (HTR-8/SVneo) invasion to HUVEC side was 
analyzed and compared under both hypoxic and normoxic conditions. Moreover, the analysis of biological 
analysis shows that the hypoxic induced factor 1-alpha (HIF-1α), and matrix metalloproteinase (MMP) -2 and 9, 
are plays a pivotal role in the cell invasion/migration under oxygen stressed conditions. 
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 P0513   Delivery of a Spheroids-incorporated Cell Sheet Enhancing Angiogenesis and M2 Polarization 
for Wound Healing 
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Low cell engraftment is a major problem in cell therapy. Although various methods related with cell sheets have 
been attempted to resolve the issue, low cell viability due to oxygen and nutrient depletion remains an obstacle 
toward advanced therapeutic applications. Cell therapy using fibroblasts is thought of as a good alternative due to 
the short doubling times of fibroblasts together with their immunomodulatory properties. Furthermore, three 
dimensional (3D) fibroblasts exhibit unique angiogenic and inflammation-manipulating properties that are not 
present in two-dimensional (2D) forms. However, the therapeutic effect of 3D fibroblasts in tissue regeneration 
has not been fully elucidated. Macrophage polarization has been widely studied, as it stimulates the transition 
from the inflammation to the proliferation phase of wound healing. Although numerous strategies have been 
developed to achieve better polarization of macrophages, the low efficacy of these strategies and safety issues 
remain problematic. To this end, we introduced a biocompatible flat patch with specifically designed holes that 
form a spheroids-incorporated human dermal fibroblast sheet (SIS) to mediate the activity of inflammatory 
cytokines for M2 polarization and increase angiogenic efficacy. We further confirmed in vivo enhancement of 
wound healing with an SISladen skin patch (SISS) compared to conventional cell therapy. 
 
Keywords : angiogenesis, cell sheet, cell viability, M2 polarization, wound healing 
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 P0514   Development of Intestinal Tissue-mimetic Hydrogels as Intestinal Organoid Culture Matrices 
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An organoid has been highlighted as an emerging tool in biological and biomedical research. Most of organoid 
culture relies on Matrigel, a basement membrane matrix extracted from mouse sarcoma. This not only limits the 
various applications of organoids, but also does not effectively provide the organoids with an in vivo-like 
microenvironment. To overcome these limitations, we demonstrate a combination of tissue-derived hydrogel and 
three types of extracellular matrix (ECM) proteins for organoid development. We adjusted the concentrations of 
ECM hydrogel derived from tissues and additional ECM proteins to find optimized condition for organoid culture. 
The intestinal organoids cultured in the developed ECM hydrogels have shown similarity to those grown in 
Matrigel in in terms of organoid forming efficiency, size and gene expression patterns of intestine-specific 
markers. This tissue-mimetic hydrogel is expected to broaden the organoid utility for disease modeling and 
regenerative medicine. 
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 P0515   BMP2-mediated Silica Deposition: An Effective Strategy for Bone Mineralization 
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The biomimetic silica deposition is an immobilization methodology of bioactive molecules in situ under ambient 
condition. The encapsulation of BMP2 (bone morphogenetic protein 2) in silica matrix was made by itself – a 
kind of auto-encapsulation of BMP2, since BMP2 is newly found to have silica deposition ability in the presence 
of silicic acid in phosphate buffer. The presence of BMP2 in the resulting silica was proved by SEM and EDS and 
was visualized by FITC-labelled BMP2. The delivery efficacy of BMP2 of silica-encapsulated BMP2 on 
osteoblast differentiation and mineralization using MC3T3 E1 preosteoblast cells was evaluated in vitro. Higher 
alkaline phosphatase activities, calcium deposition and gene expressions including alkaline phosphatase, bone 
sialo protein, and osteocalcin were observed in the silica-auto-encapsulated BMP2 compared to free BMP2. When 
applied to bone graft substitution, hydroxyapatite granules, silica-mediated BMP2 immobilized on HA 
(BMP2@Si/HA) showed sustained BMP2 release from HA while BMP2 adsorbed HA by a simple dipping 
method (BMP2/HA) displayed burst release of BMP2 at initial time. The silica-encapsulated BMP2 deposited on 
a carrier surface via auto-precipitation with biosilica made sure an increase in the loading efficiency and a 
decreased in burst release of BMP2. In the rat calvarial defect model, BMP2@Si/HA showed better bone 
regeneration by over 10% than BMP2/HA counterpart. 
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 P0516   Mechanical and Thermal Properties of Hydroxyapatite-levan Composite for Bone Graft 
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Biodegradable materials have been received great attention as bone graft substitutes for bone regeneration and 
tissue engineering. However, their low mechanical property remains a major challenge for the use in load- bearing 
applications. Furthermore, the incorporation of additional biological properties into the scaffold generally reduces 
mechanical strength. Here, we developed mechanically reinforced composite scaffold containing adhesive levan 
as a binder for sintered hydroxyapatite (sHAp) and then examined the mechanical and thermal properties of the 
composite scaffold. We found that sHAp-levan composite scaffold exhibited remarkably enhanced mechanical 
strength, which is similar to that of polymethyl methacrylate (PMMA) bone cement. This composite scaffold can 
be utilized as a promising bone graft for bone regeneration and tissue engineering. 
  
Keywords : bone graft, hydroxyapatite, levan, composite scaffold, sintering 
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 P0517   Strategies for Functional Changes of NK Cells Through Mechanical Stimuli: Vibration and 
Hyper-gravity 
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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. 
Aiming to change the effector function of NK cells, NK cells were exposed to two types of mechanical stimuli 
(vibration and hyper-gravity). 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. To 
evaluate whether the exposed mechanical stimulus enhances tumor killing activity of NK cells, LDH assay was 
performed after co-culture with K562 and A549 target cells. Both mechanical stimuli did not show the effect of 
enhancing target cell killing activity. In addition, we are observing the changes in chemotactic cytokine genes 
(CCL3, CCL4, CCL5, XCL1, CXCL8), cell-mediated cytotoxicity-related genes (granzyme B, perforin, TNF-α, 
and IFN-γ), and apoptosis related genes (BCL-2, BAX) expression. These strategies provide useful insights for 
improving the effector function of NK cells. 
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Hydroxypropyl methylcellulose (HPMC), an FDA-approved water-soluble cellulose derivative, has been used in 
various wet-adhesion applications in construction products, paints, and drug delivery. Despite the various 
applications, its adhesion mechanism in water has not been elucidated. Here, we measure the adhesion 
characteristics of HPMC against itself, hydrophilic and hydrophobic surfaces as a function of temperature using 
a surface forces apparatus (SFA) in water. The results show that HPMC adheres strongly to all tested surfaces, 
regardless of hydrophobicity. The adhesive strength of HPMC increases with temperature because of entropy-
driven hydrophobic interactions and is comparable to or exceeds the wet-adhesion strength of most biological 
adhesives. In addition, the elevated temperature induces swelling in HPMC layer, resulting in the exposure of 
more hydrogen bonding sites, thereby increasing adhesion with the hydrophilic surface. The bulk compression 
test of the HPMC–silica composite material is consistent with the SFA data and indicates that the water content 
and temperature are critical variables for the adhesion of HPMC to inorganic surfaces regardless of hydro-
phobicity. 
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 P0519   Investigation on the Functional Changes of the Proximal Tubular Cells by the Hypoxic 
Hepatocytes Using a Microfluidic Device in Series 
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Hepatocytes which are the main function of liver and 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 very vulnerable to hypoxia hepatitis caused by Hypoxemia or low perfusion, leading to 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 condition. We designed an oxygen scavenger line to induce a hypoxic condition on 
microfluidic device that connects liver and kidney in series. Oxygen scavenger line used sodium sulfate (40mM) 
and cobalt chloride (0.01mM). platinum octaethylporphyrin(PTOEP) film was used to checking oxygen 
concentration and it was confirmed that the oxygen partial pressure dropped below 3%. [2] Cell Viability and 
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 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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 P0601   Incorporation of Bio-indigo Derivatives into Polyhydroxybutyrate to Control Biodegradability 
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In this study, Indigo derivatives incorporating Poly(3-hydroxybutyrate)(IDPs) were produced in one-pot by 
engineered Escherichia coli. PHB expressed genes bktb, phaB, and phaC, and indigo derivatives were produced 
by expressing CYP102G4. Several indigo derivatives were produced by feeding indole derivatives as a substrate, 
and different colors can be obtained depending on the indole derivatives. In this study, 5-Cl, 6-Cl, 7-Cl, 5-Br, 5-
OH, 5-OCH3, 4-NO2, and 5-NO2 indole were added as indole derivatives. Biological and physical properties, such 
as the anti- oxidant activity, biodegradability, melting temperature (Tm), glass transition temperature (Tg), 
average molecular weight, polydispersity index, hardness, and elasticity of the IDPs were analyzed. As a result of 
the measurement of Tm value, 5-OH IDP showed the highest Tm value at 181.1℃ among IDPs, and 4-NO2 IDP 
showed the lowest Tm value at 154.7℃. As a result of measuring the biodegradability of IDPs, 5-OH IDP was 
not the most biodegradable (2.6%), but 4-NO2 IDP showed the best biodegradability (18.9%). Hardness 
measurement analyzed by nanodentor, significant changes in the hardness were observed with 4-NO2 incorporated 
IDP. Finally, the application of biodegradable PHB was expanded by coating IDPs on cellulose. 
 
Keywords : Indigo derivative, Biodegradability, CYP102G4, Indigo, PHA 
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 P0602   Application of DNA Aptamer for Quorum Sensing Inhibition 
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Bacteria express genes at the population level through the delivery of signaling substances. Quorum sensing is a 
kind of intercellular communication system that changes the behavior of bacteria as a group, and autoinducer (AI) 
is a representative chemical signaling agent. In Gram-negative bacteria, AHL (acyl-homoserine lactones) is the 
most common type of AI. AHL consists of an acyl chain of 4-18 carbons containing some changes in structure 
and N-acylated homoserine-lactone in the middle of the structure. In this study, ssDNA aptamer specific for 
homoserine lactone, a common structure of AI, was selected through 10 rounds of SELEX process. After in vitro 
selection, the optimal aptamer candidates were selected through SPR analysis, and a study was conducted to 
confirm the functionality of the obtained aptamer. It was confirmed that the formation of biofilm was suppressed 
in the sample treated with the obtained aptamer.  
** This research was supported by Basic Science Research Program through the National Research Foundation 
of Korea(NRF) funded by the Ministry of Education(2020R1A6A1A06046235, 2021R1A6A3A13045512). 
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 P0603   Co-delivery of the Gold Nanorod and the Proxylane on HDFn Enhances Cell Proliferation by 
Increasing Expression of Glycosaminoglycan 
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Proxylane is an activator of glycosaminoglycan (GAG) biosynthesis [1]. Furthermore, the GAGs are polysac-
charide compounds constructing the extracellular matrix, resulting in cell growth, cell adhesion, and wound 
healing [2]. So, proxylane is widely used as an ingredient for anti-aging in cosmetics [1]. However, the delivery 
efficiency of the proxylane is low by itself. Therefore, a way for high delivery efficiency is required. Here, we 
delivered a gold nanorod (GNR) and the proxylane on human dermal fibroblasts-neonatal (HDFn) simultaneously 
and enhanced the delivery efficiency of the proxylane. The GNR was characterized by measuring the absorption 
spectrum and zeta potential. Furthermore, the co-delivery of the GNR and a sulforhodamine B showed increased 
delivery efficiency by the GNR. Also, the co-delivery of the GNR and the proxylane increased cell proliferation 
and expression of GAGs. These results suggest that the GNR and the proxylane synergistically work and induce 
cell proliferation. Therefore, the co-delivery strategy of bioactive compounds with GNR would be applied to the 
cosmetic fields. 
 
Keywords : gold nanorod, proxylane, glycosaminoglycan, co-delivery, cosmetics 
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 P0604   Glutaric Acid Production by Systems Metabolic Engineering of Corynebacterium glutamicum 
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There has been increasing industrial demand for five-carbon platform chemicals, in particular, glutaric acid, a 
widely used building block chemical 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-lysine monooxygenase (davB) and 5-aminovaleramide 
amidohydrolase (davA) genes and C. glutamicum 4-aminobutyrate aminotransferase (gabT) and succinatesemi-
aldehyde dehydrogenase (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 manipulated 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 overexpressed to further enhance 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. Fed-batch culture of the final engineered strain produced 105.3 g/L of glutaric acid 
(the highest titer reported so far) in 69 h without any byproduct. The strategies of metabolic engineering and 
fermentation optimization described here will be useful for developing engineered microorganisms for the high-
level bio-based production of other chemicals of interest to industry. 
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 P0605   Quantitative Analysis of Triterpenoids in the Cosmetic Products by LC/MS/MS 
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Plant extracts have various biological activities such as anti-inflammatory, anti-aging, or antibacterial that make 
the cosmetic product more valuable. Among those phytochemical compounds found in plant extracts, triterpenoids 
exhibited promising functionalities for curing skin burns and accelerating the skin regeneration process, and 
supporting the treatment of various skin ailments. To develop a new cosmetic product containing triterpenoids as 
active substances, a sensitive and reliable method for the quantitation of these chemicals is necessary to 
standardize product quality and shelf-life. The big challenge of triterpenoid analysis in cosmetics is isolating these 
compounds from a huge non-polar matrix background consisting of different classes of lipid. In this study, a 
method to analyze five targeted compounds, including asiatic acid, corosolic acid, betulinic acid, ursolic acid, and 
oleanolic acid by LC-MS/MS was established. This method could quantify the target compounds in a cosmetic at 
ppb level with high recovery and re-producibility. Furthermore, the established method efficiently determined the 
five compounds that could be applied to evaluate the cosmetic quality during storage under different conditions. 
 
Keywords : triterpenoid, quantitative analysis, mass spectrometry, cosmetic 
 
 
  

Advanced Biotechnology for Human Society2022 한국생물공학회 춘계학술발표대회 및 국제심포지엄
2022 KSBB Spring Meeting and International Symposium

393



 P0606   Catalytic Enhancement of Hydrodeoxygenation of Fatty Acid Model Compound Over Pt/ 
H3PO4@MOF Bifunctional Catalysts 
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With the aim of developing more efficient catalysts based on metal-organic framework (MOF) materials for 
biomass upgrading through the hydrodeoxygenation (HDO) of fatty acid model compounds, the novel Pt-doped 
on H3PO4@MIL-101Cr catalyst systems with a series of phosphoric acid concentration were successfully 
synthesized by the double solvent method. Consequently, phosphoric acid modification of 1%Pt/MIL-101 
enhanced the catalytic performance of HDO conversion of oleic acid in gas phase, shown 1.5 – 11 times higher 
turnover frequency (TOF) compared to the original Pt/MIL-101 catalyst. Moreover, the increase of moderate acid 
site facilitates the decarbonylation to the hydrodeoxygenation, exhibited through the ratio of nC17/nC18 

augmenting gradually due to significant increase of moderated Brønsted acid site. The FE-TEM and CO 
chemisorption measurements exhibited that Pt nanoparticles highly dispersed on support and its size distribution 
was shifted onto higher value due to competitive adsorption between acid site and metal site, distributing on the 
range of 1.72 - 3.89 nm. The catalytic stability of phosphoric acid modified- catalyst was evaluated for 24 hours 
of HDO reaction. 
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 P0607   Confirmation of the Anti-aging Effect of Cirsium lineare and the Effect of Enhancing Efficacy 
through Fermentation Process 
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Cirsium Lineare is a genus of perennial and biennial flowering plants in the Asteraceae, it is a medicinal plant 
widely used in medicine and cosmetics for a long time. To develop Cirsium Lineare as a functional cosmetic 
material with anti-aging effect, we screened various extraction conditions and fermentation processes using 
microorganisms, and succeeded in securing the condition of the best efficacy and Highest polyphenol content. 
More precisely, it was confirmed through an experiment that the Cirsium Lineare extracted with hot water was 
fermented with a Lactobacillus strain to have the best anti-aging effect on the skin such as elastase, collagenase 
inhibition effect, In addition, the change in the Silychristin content of the Cirsium Lineare fermented product 
through solvent fractionation was confirmed by HPLC, and the correlation between the Silychristin content and 
efficacy was analyzed. 
Concurrently, it was confirmed that Cirsium Lineare fermented product is a safe raw material without skin 
cellcytotoxicity and can be used stably in cosmetic formulations. 
 
Keywords : Cirsium Lineare, anti-aging, Silychristin, HPLC, fermentation, Lactobacillus, fractionation, elastase 
inhibition, collagenase inhibition, skin cell cytotoxicity 
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Corresponding Author Email : biochem.jk@gmail.com 
 
In this study, antioxidant, skin-whitening, and antiwrinkle effects of the coffee residues extraction (CE), 
bioconverted using a cellulase and pectinase cocktail (Viscozyme and Novozyme), were investigated. Radical 
scavenging activity of bioconverted coffee residues (BCE), an indicator of antioxidant effect, was 1.43 times 
higher than CE. Tyrosinase and collagenase activity inhibition of BCE to evaluate skin-whitening and antiwrinkle 
effects were 1.66 and 1.21 times higher than CE, respectively. In addition, LC-MS/MS was identified main 
compounds, p-coumaric acid, quinic acid, and rosmarinic acid, indicating the antioxidant effect in BCE. In 
viability analysis of human dermal fibroblasts (HDF), BCE was confirmed no cytotoxicity at concentrations of 
less than 0.5 mg/mL. Thus, these results demonstrated the bioconversion process enhanced the skin-whitening 
and antiwrinkle effects of the coffee residues as well as the antioxidant effect, and it can be used as functional 
food and cosmetic materials through producing high value-added ingredients from coffee residues. 
 
Keywords : coffee residues, bioconversion, cellulase, pectinase, skin-whitening, anti-wrinkle 
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 P0609   Study in Delivery of Mesoporous Nanosome Containing Skin Active Ingredient and Their 
Effective Mass Production Method 

 
Yeongmin PARK, Jin-Chul KIM 
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Chuncheon, Korea 
Corresponding Author Email : jinkim@kangwon.ac.kr 
 
Active ingredients in used existing functional cosmetics can`t show their own effect because they just mixed with 
cosmetic base so they are not stable in cosmetic formulation, and their low skin permeation ability. Mesoporous 
nanosome is stuied to bring out high effect of active ingredient in cosmetics. Body fluids have about 260 mEq/L 
monovalent ion. Mesoporous Nanosome contains iongel that cross-linked with ionic polymer and multivalent ion. 
When Mesoporous Nanosome containing iongel is spread on skin, multivalent ion in iongel exchange with 
monovalent ion in body fluids and iongel change to sol, so active ingerdients in mesoporous nanosome is released. 
Mesoporous Nanosome is made in way melt-dispersion method. Mesoporous Nanosome`s structure is performed 
with transmission electron microscope, bilayer and water channel is observed. Mesoporous Nanosome`s stability 
in time is analyzed their particle size and structure with dynamic light scattering method and UV-spectroscopy. 
Body fluids ion reactive mesoporous nanosome and mass production method can used in functional cosmetic 
market. 
 
Keywords : mesoporous nanosome, mass production, body fulids ion reactive iongel, colloidal stability 
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 P0610   Optimization of Bioconversion of Kaempferol 3-glucoside Using Camellia Seeds 

 
HeeKyoung GO, Junseong PARK 
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Kaempferol 3-O-glucoside (K3G) is used as an antipruritic, antioxidant, glycation inhibitory activity, and as an 
allergy treatment. The studies performed are limited because K3G exists in trace amounts in nature and is difficult 
to extract from plants. Camellia seed oil is widely used in industry, but most of it is discarded because technology 
development for the recycling of defatted Camellia seed has not been done much. Chemical and biological studies 
should be conducted to determine and utilize the value of defatted Camellia seed considered as waste. In this 
study, in order to produce K3G by bioconversion using enzymes, three kinds of camellia seeds were extracted and 
the glycoside components of K3G were analyzed qualitatively and quantitatively, and suitable seeds were selected 
as substrates for the bioconversion reaction. For the selective synthesis of K3G using beta-glucanase, a study on 
optimization of K3G synthesis was performed using the reaction surface method. To confirm the potential of the 
generated K3G as a functional cosmetic material, antioxidant activity was confirmed through DPPH free radical 
scavenging activity and ABTS free radical scavenging activity. 
** Acknowledgement: This work was supported by Korea Environment Industry & Technology Institute(KEITI) 
through Project to develop eco-friendly new materials and processing technology derived from wildlife, funded 
by Korea Ministry of Environment(MOE) (No. 2021003280001). 
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 P0611   Preparation of 1,2-diolein through Bioconversion of C. Japonica Seed Oil and Study of Thermal 
Oxidation Stability 

 
Soonju JO, Junseong PARK 
Department of Engineering Chemistry, Chungbuk National University, Cheongju, Korea 
Corresponding Author Email : jsparkbio@cbnu.ac.kr 
 
Diglyceride is a compound in which two hydroxyl groups of glycerol are esterified with fatty acids. Diglyceride 
exists in the form of 1,2-diglyceride or 1,3-diglyceride depending on the bonding position of fatty acids. It exists 
in trace amounts in nature and can be synthesized from oils using chemical or enzymatic catalysts. When using 
an enzyme catalyst, the reaction can proceed under the mild conditions like less than 70 °C and pH 4-8. Because 
of substrate specificity of enzymes, enzymatic reaction can make specific target product with small amount of by-
products. Also, it is eco-freindly process due to biodegradability of enzymes. In this study, optimization for 1,2-
diolein production was carried out through the enzymatic hydrolysis reaction using Camellia Japonica seed oil 
and lipase. Also, triolein, oleic acid, diolein, and monoolein in enzyme treated oil were separated and purified 
using a silica 60 column. Thermal oxidation stability of purified products was comparatively analyzed using 
rancimat. 
** Acknowledgement: This work was supported by Korea Environment Industry & Technology Institute(KEITI) 
through Project to develop eco-friendly new materials and processing technology derived from wildlife, funded 
by Korea Ministry of Environment(MOE) (No. 2021003280001). 
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 P0612   Prunetin 4′-O-Phosphate, a Novel Compound, in RAW 264.7 Macrophages Exerts Anti-
Inflammatory Activity via Suppression of MAP Kinases and the NFκB Pathway 
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Corresponding Author Email : sykim01@sunmoon.ac.kr 
 
Biorenovation, a microbial enzyme-assisted degradation process of precursor compounds, is an effective approach 
to unraveling the potential bioactive properties of the derived compounds. In this study, we obtained a new 
compound, prunetin 4′-O-phosphate (P4P), through the biorenovation of prunetin (PRN), and investigated its anti-
inflammatory effects in lipopolysaccharide (LPS)-treated RAW 264.7 macrophage cells. The anti-inflammatory 
effect of P4P was evaluated by measuring the production of prostaglandin-E2, nitric oxide (NO), which is an 
inflammation-inducing factor, and related cytokines such as tumor necrosis factor-α, interleukin-1β, and 
interleukin-6. The findings demonstrated that P4P was non-toxic to cells, and its inhibition of the secretion of 
NO—as well as pro-inflammatory cytokines—was concentration-dependent. A simultaneous reduction in the 
protein expression level of pro-inflammatory proteins such as cyclooxygenase-2 and inducible nitric oxide 
synthase was observed. Moreover, the phosphorylation of mitogen-activated protein kinases such as extracellular 
signal-regulated kinases, c-Jun N-terminal kinase, p38 MAPK, and nuclear factor kappa B was downregulated. 
To conclude, we report that biorenovation-based phosphorylation of PRN improved its anti-inflammatory activity. 
Cell-based in vitro assays further confirmed that P4P could be applied in the development of anti-inflammatory 
therapeutics. 
 
Keywords : prunetin 4′-O-phosphate, prunetin, anti-inflammatory activities, biorenovation, MAPK signaling 
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 P0613   Isolation of a Yellow Xanthophyll-Producing Erythrobacter sp. SDW2 Strain and Its Potentials 
as a Promising Natural Antioxidant Producer 

 
Sun-Wook JEONG, Yong Jun CHOI 
School of Environmental Engineering, University of Seoul, Seoul, Korea 
Corresponding Author Email : yongjun2165@uos.ac.kr 
 
The marine carotenoids have attracted much attentions in many industries related to health benefits. In this study, 
a yellow pigmented marine bacterium was newly isolated from costal sea water and identified as Erythrobacter sp. 
strain SDW2 by 16s rRNA sequencing analysis. Based on liquid chromatographic analyses, the major pigment 
with high purity (>95%) produced by SDW2 strain was characterized to a novel yellow xanthophyll carotenoid. 
The shake-flask fermentation allowed the production of 279.1 ± 10.3 mg/L of yellow xanthophyll (115.6 ± 6.6 
mg/g DCW) with a yield and productivity of 27.2 ± 0.2 mg/g glucose and 5.8 ± 0.2 mg/L/h, respectively, from 5 
g/L of glucose. Moreover, this xanthophyll carotenoid showed remarkable antioxidation activities for DPPH (90.5 
± 0.2%) and ABTS (93.9 ± 0.9%) radicals. These results suggested that a yellow xanthophyll produced 
by Erythrobacter sp. strain SDW2 could be a promising marine-derived bioactive compound useful for potential 
application in foods, cosmetics, and pharmaceuticals. 
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 P0614   Antioxidative and Tyrosinase Inhibition Activities of Steam-exploded Lignin 
from Bamboo (Phyllostachys nigra Variety Henosis) Stem 
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Recently, cosmetic materials with natural ingredients have been in the spotlight, and in particular, demand for 
whitening ingredients is increasing. Lignin is a natural phenolic biopolymer, and has been known to be very useful 
as a natural sunscreen because it has UV protection efficacy at 250-400 nm. Here, in order to investigate the 
potential of lignin as a natural whitening material, we prepared steam-exploded lignin from bamboo (Phyllo-
stachys nigra variety henosis) and fractionated it using organic solvents. The steam explosion lignin (SEL) was 
separated into four fractions by sequential extraction with three organic solvents of ethyl acetate (soluble fraction, 
F1), methanol (soluble fraction, F2) and acetone (soluble fraction, F3 and insoluble fraction, F4). GPC analysis 
results that F3 had the lowest molecular weight (3230 g/mol) among the four fractions while F4 exhibited the 
highest molecular weight (3980 g/mol). The monomer structure of four fractions of the lignin was elucidated 
through 1H, 13C, 2D HSQC NMR and Py-GC/MS analysis. The antioxidant activity of the four fractions was 
compared, and the tyrosinase inhibition activity of F2 with the highest activity as well as enzyme inhibition 
kinetics was confirmed. For the first time, the protein expression pattern of anti-melanogenic-related (whitening) 
proteins by the lignin fractions was confirmed using B16F10 melanoma cells. The steam exploded lignin has 
potential value as a cosmetic whitening ingredient in near future. 
 
Keywords : bamboo stem, steam explosion, lignin, antioxidant activity, tyrosinase inhibition, cosmetic ingredient 
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 P0615   Melanin Inhibition Effect of Tuber himalayense Extract on α-MSH Stimulated B16F10 
Melanoma Cells 
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In this study, we investigated the effect of tuber himalayense extract on melanin synthesis in α-MSH induced 
B16F10 melanoma cells. We confirmed that tuber himalayense extract was not toxic to α-MSH induced B16F10 
melanoma cells and showed significant inhibitory effect on melanin synthesis at concentration 25, 50, 100 μg/mL. 
In addition, we confirmed that tuber himalayense extract has the ability to inhibit not only melanin but also TRP-
1, TRP-2, tyrosinase, MITF which are enzymes involved in melanin synthesis, in a concentration dependent 
manner. Additionally, it was also confirmed to inhibit MAP kinase pathway such as ERK and p38. Therefore, we 
suppose that various components that are contained in the tuber himalayense extract affect multiple factors 
involved for melanogenesis in B16F10 cells. And our results indicate that tuber himalayense extract can be used 
as a new material for whitening functional cosmetics. 
 
Keywords : α-MSH , B16F10 melanoma cell, MAP kinase pathway , melanin, tuber himalayense 
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 P0616   Anti-inflammatory Effect of Soil Blue-green Algae Nostoc Commune Isolated from Daejeon 
City, Korea 
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We examined the anti-inflammatory properties of Nostoc commune HCW0811 in lipopolysaccharide (LPS)-
stimulated RAW264.7 macrophage cells. The anti-inflammatory activity of HCW0811 on viability of treated cells 
was assessed by measuring the level of expression of NO, PGE2 and pro-inflammatory cytokines, namely 
interleukin-1β (IL-1β), interleukin-6 (IL-6), and tumor necrosis factor-α (TNF-α) in HCW0811 treated RAW 
264.7 macrophages. HCW0811 was non-toxic to cells and inhibited the production of cytokines in a concen-
tration-dependent manner. In addition, its treatment suppressed the production of pro-inflammatory cytokines in 
a dose-dependent manner, and concomitantly decreased the protein expressions of inducible NO synthase (iNOS) 
and cyclooxygenase-2 (COX-2). Moreover, the levels of the phosphorylation of mitogen-activated protein (MAP) 
kinase family proteins such as extracellular signal-regulated kinase (ERK), c-Jun N-terminal kinase (JNK), p38, 
and nuclear factor kappa B (NF-κB) were reduced by HCW0811. These findings suggest that the HCW0811 
collected from Daejeon National Cemetery have anti-inflammatory effects, and demonstrated its efficacy in cell-
based in vitro assays. 
 
Keywords : anti-inflammatory, lipopolysaccharide, MAPkinase, nostoc commune HCW0811, RAW264.7 
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 P0701   Extraction of Functional Compounds from Green Yuzu (Citrus junos) and Its Tyrosinase 
Inhibition Activity 
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Green yuzu (unripen) is well known to have 2-6 times higher amount of hesperidin and naringin, with antioxidant, 
anti-inflammatory or whitening effects, compared to yellow yuzu (ripen) [1, 2]. In this study, the functional 
compounds from green yuzu peel were extracted with respect to extraction method and functionally characterized. 
Reflux extraction of 5% green yuzu powder by 80% ethanol solvent showed the highest functional flavonoids 
with 133.9 mg/g DW by C18 reverse-phase HPLC. Amberlite XAD-16 column chromatography by 50% ethanol 
was effective to purify functional flavonoids with 89% purity, 97.8 µg/mL of vit C eq. antioxidant activity, 1.2 
mM of vit C eq tyrosinase inhibition after removing uninterested materials with distilled waters. Therefore, 
functional compounds from green yuzu extraction technique in this study could be applicable to whitening 
ingredient to food and cosmetic industrial fields. 
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 P0702   Screening and Identification of Naringinase Producing Microorganism Penicillium 
chrysogenum from Traditional Fermented Foods 

 
Hyeon Jun SEONG1, Bo-Bae LEE2, Youn-Sup CHO2, Seung-Hee NAM1,3 
1Department of integrative food, bioscience and biotechnology, Chonnam national university, Gwangju, Korea, 
2Fruit Research Institute of JARES, Haenam, Korea, 3Institute of Agricultural and Life Science Technology, 
Chonnam National University, Gwangju, Korea 
Corresponding Author Email : namsh100@hanmail.net 
 
Naringin, abundant in citrus peel has been focused on its anti-inflammatory, antibacterial effects, and 
neuroprotective function. However, naringin contributed to bitter taste of citrus fruits, resulting in consumers’ 
lower preference and industrial application problem. Naringin deglycosylated product, prunin or naringenin 
possesses significantly reduced bitterness of naringin with similar biological function. We tried to obtain naringin 
deglycosylation microbial organism from traditional fermented foods. More than 500 strains were screened on 
minimal agar with 0.1% naringin and iodine staining. 44 strains were incubated, and the supernatant as enzyme 
source was reacted with naringin to find out its naringinase activity. 7 strains confirmed naringinase activity by 
TLC and HPLC analysis and identified by 18S rRNA sequence analysis using GenBank BLAST search. 
The Penicillium chrysogenum NYO3 showed the highest naringinase activity to deglycosylate naringin to prunin 
or naringenin by 68% or 35%, respectively. This naringin hydrolyzed products using Penicillium chrysogenum 
NYO3 are considered as potential functional components and applicable food industry or pharmaceutical field. 
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 P0703   Metabolic Engineering of Escherichia coli for Utilization of Marine Biomass-derived Carbon 
Sources 
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The biological conversion from biomass to fuels and chemicals represents a promising and sustainable alternative. 
Marine algae are attractive biomass of choice for biofuel production. Glucose and galactose are present in marine 
algae at 20% and 25% dry weight, respectively. Therefore, it is very important to explore the regulation of 
microbial carbon metabolism. 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. 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). 
 
Keywords : marine biomass, Eshcerichia coli, carbon catabolite repression, co-fermentation 
 
 
  

Advanced Biotechnology for Human Society2022 한국생물공학회 춘계학술발표대회 및 국제심포지엄
2022 KSBB Spring Meeting and International Symposium

408



 P0704   qPCR Analysis and Metabolic Shift of Klebsiella pneumoniae L17 in Microbial Oxidation of 
Zero Valent Iron Using Glycerol 
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ZVI (Zero-Valent Iron) can provide additional reducing equivalent for 1,3-PDO synthesis from glycerol as an 
electron donor. When ZVI donates electrons, the reducing energy increases and activates the reductive pathway, 
causing metabolic shift and simultaneous change of metabolites. In this study, the effect of ZVI on the metabolic 
change of bacteria was investigated. It was confirmed that the NADH ratio was shifted to 21: 6 (with ZVI: without 
ZVI). To quantitatively measure the expression level of a specific protein with qPCR, we designed primer for 
dhaB, dhaD, glpK and rpoD genes. The increase of glycerol dehydratase (DhaB) was observed in ZVI as compared 
to the control without ZVI. Therefore, When ZVI was provided, the reductive pathway was activated by providing 
reductive potential to metabolic conversion of glycerol. These results indicate that ZVI modulate the 
biotransformation of electroactive strains such as K. pneumoniae L17, and enhance the conversion of glycerol 
into a value-added platform chemicals. 
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 P0705   LC-MS Based Multiomics Approaches to Investigate Metabolic Crosstalk Between Host 
and Akkermansia muciniphila via Development of an in vitro Co-culture Device 
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Akkermansia muciniphila is in the spotlight as one of the candidate strains of next generation probiotics for human 
health promotion. However, before A. muciniphila can be used as cellular therapeutics, it is necessary to study the 
mechanism at the molecular level on how it affects human intestinal epithelial cells. Here, we developed a host-
anaerobe co-culture device, the Mimetic Intestinal Host–Microbe Interaction Coculture System (MIMICS), 
suitable for LC-MS/MS-based multi-omics study. And we analyzed physiological changes in intestinal epithelial 
cells due to co-culture with active A. muciniphila. First, it was confirmed that the physiological activities of the 
two cells were stably maintained when Caco-2 cells and A. muciniphila were directly co-cultured through the 
MIMICS developed in this study. Second, the membrane integrity of Caco-2 cells is maintained as in the actual 
intestinal epithelial tissue, and the up-regulation of tight junction proteins. Third, Caco-2 cells induced 
enhancement of energy generation through activation of lipid metabolism. As a results, we suggest a novel 
mechanism for the effect caused by A. muciniphila, and the MIMICS will be very useful for research to investigate 
the effects of specific intestinal microbes at the molecular levels. 
  
Keywords : Akkermansia muciniphila , host-microbe interactions, multiomics 
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 P0706   Isolation of Lignin Precursors Degrading Bacteria for the Evaluation of Polyhydroxyalkanoate 
Production from Soil Environment 
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The biorefinery concept using plant-based biomass such as lignocellulosic materials, has been developed as a 
mean to solve global environmental problems associated with ecological pollution caused by the use of 
petrochemical based plastics. In this regard, the production of biodegradable plastics such as polyhydroxy-
alkanoates (PHA) produced by microorganisms has been emerging as an alternative solution. However, current 
commercial-scale PHA production process has used food-based raw materials which generates higher production 
cost as compared to that of petrochemical plastics.  To reduce such high production cost, cheap raw materials 
such as lignocellulose have been suggested as alternatives for bioplastic production. However, about 40% lignin, 
a component of lignocellulosic materials, has limitedly utilized by PHA-producing microorganisms due to its 
recalcitrance and limited metabolic pathway to efficiently convert the aromatic compounds into PHA. Therefore, 
this study aims to isolate native bacterial strains in soil environments that can efficiently convert lignin precursors 
into bioplastics which are able to improve efficiency and reduce production costs in PHA production process. To 
achieve this, soil samples were collected and enriched with lignin precursors, which are 5mM p-coumaric acid, 
5mM Ferulic acid, 5mM Vanillin and 5mM Benzoic acid, for 5days at 30℃. From the enriched culture, we were 
able to isolate 105 bacterial strains which can utilize the lignin precursors as a carbon source. The 16s rRNA gene 
sequencing analysis suggested that 15 species belonging to 4 phylogenetically different genera including 
Pseudomonas (9 species), Moraxella (1 species), Pantoea (1 species) and Paraburkholderia (4 species) were 
isolated. Among them, 6 novel strains were isolated which can potentially utilized in the lignin-PHA conversion 
process and implicate possible contribution to industrial scale bioplastic production process. 
 
Keywords : soil environment , PHA(Polyhydroxyalkanoates), bacteria isolation, lingnin precursors 
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 P0707   Unexpected Metabolic Similarities of Hydrogen and Methanol Utilizations on Methylotrophic 
Acetogen, Eubacterium limosum KIST612 
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In this study, metabolic and physiological properties of methylotrophic acetogen, Eubacterium limosum KIST612, 
were investigated to see how and why metabolic similarities on hydrogen and methanol utilizations are existed. It 
was posited that methanol is metabolized by mta-encoding methyltransferase in E. limosum KIST612 as well as 
other methylotrophic acetogens based on the analyses of genomes and physiological data. It was monitored 
methanol utilization only in the presence of CO2. Interestingly, the result of transcriptomic and proteomic analyses 
unexpectedly showed high similarities on the regulation of most enzymes in carbon (e.g., glycolysis) and reductive 
acetyl-CoA pathways, and even in mta-encoding methyltransferase which is incorporated into methyl 
tetrahydrofolate in the methyl branch of reductive acetyl-CoA pathway at methanol condition compared with 
hydrogen fed conditions. It was also verified acceleration of hydrogen uptake and consumption by methanol 
addition on lab-scale of syngas fermentation process using the strain. Taken altogether with the data of cultural 
physiology and OMICS, the strain seems to have a metabolic feature on the coupling of hydrogen and methanol 
utilizations and it could be caused by the way of reducing powers depending on substrates. 
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 P0708   Method for Separation and Purification of Diamines from Fermentation Broth 
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1,3-diaminopropane (1,3-DAP), 1,4-diaminobutane (1,4-DAB), and 1,5-diaminopentane (1,5-DAP) are widely 
used industrial chemicals. Over the last decade, several studies on bio-based production of diamines by 
metabolically engineered microorganisms have been studied. However, development of efficient methods for the 
recovery of 1,3-DAP, 1,4-DAB, and 1,5-DAP from fermentation broth has not been reported. In this study, an 
effective process for the separation and purification of the diamines from fermentation broth without using highly 
flammable or toxic solvents was developed. The optimal process resulted in separation of extremely pure 1,3-
DAP, 1,4-DAB, and 1,5-DAP with yields of 87±3%, 86±4%, and 81±2%, respectively. The strategy reported here 
could be similarly applicable in developing downstream processes to recover and purify other diamines and related 
chemicals 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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 P0709   Synthesis and Characterization of Fully Bio-based and Biodegradable Nylon-4,4 and -5,4  

 
Ji Yeon KIM1,2,3, Jong An LEE1,2,3, Jung Ho AHN1,2,3, Inho KIM1, Sheng LI1, Sang Yup LEE1,2,3,4 
1Department of Chemical and Biomolecular Engineering (BK21 Plus Program), KAIST, Daejeon, Korea, 
2Metabolic and Biomolecular Engineering National Research Laboratory and Institute for the BioCentury, 
KAIST, Daejeon, Korea, 3Systems Metabolic Engineering and Systems Healthcare Cross-Generation 
Collaborative Laboratory, KAIST, Daejeon, Korea, 4BioInformatics Research Center and BioProcess 
Engineering Research Center KAIST, Daejeon, Korea 
Corresponding Author Email : leesy@kaist.ac.kr 
 
Nylons are widely used polyamides and the production of fully biobased nylons has been of great interest but not 
yet realized. Here, we report synthesis and characterization of bionylon-4,4 and -5,4, fully bio-based nylons, using 
succinic acid, 1,4-diaminobutane, and 1,5-diaminopentane produced by fermentation of metabolically engineered 
bacteria. The synthesized bionylons exhibit excellent thermotolerance and water absorptivity. Bionylons are also 
successfully used as a matting agent to reduce surface gloss of ASA. Furthermore, bionylons are found to be 
biodegradable, providing further environmental benefit upon disposal. The strategy for the synthesis of fully 
biobased nylons comprising fermentative monomer production and purification, polymerization, characterization, 
and application reported here can serve as a guideline for synthesizing other fully biobased polymers from 
renewable resources.  
** 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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 P0710   Adaptive Laboratory Evolution (ALE) of Clostridium sp. JS66 for Enhancing CO2 fixation 
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Biological production of biofuel/chemicals has been drawing attention for a carbon-neutral society. However, 
carbon loss occurs during conventional sugar fermentation due to CO2 evolution from glycolysis. Acetogen 
utilizing CO2 and H2 could be a candidate to facilitate no carbon loss fermentation by utilizing CO2. In this 
study, Clostridium sp. JS66 (JS66), an acetogenic bacterium producing C2~C6 acids/alcohols from syngas as well 
as sugars, was examined for no CO2 evolution fermentation. CO2 consumption and cell growth of JS66 were much 
slower when CO2 and H2 gas mixture was provided. To improve the consumption rate of CO2, adaptive laboratory 
evolution (ALE) was conducted and the evolved strain (ALE CO2) showed an 8.76-fold increase in the 
CO2 consumption rate compared to the wild type. Interestingly, when glucose and exogenous H2 gas were 
supplied in batch fermentation, the ALE CO2 strain consumed the CO2 derived from glycolysis completely 
together with H2 gas within 60 hours. Unlike the ALE CO2 strain, the wild type did not consume the CO2 generated 
during glucose fermentation. These results suggest that the ALE CO2 strain has potential to promote no 
CO2 emission fermentation. 
  
Keywords : Clostridium sp. JS66, adaptive laboratory evolution, CO2 fixation, C1 gas, mixotrophic fermentation 
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 P0711   Correlation of Isocitrate Lyase Homologous Overexpression to Acetate Assimilation and 
Succinate Production of Pseudomonas putida KT2440 Under Microaerobic Conditions 
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Acetate is a potential renewable carbon source that can be synthesized from CO2 by microbial electrosynthesis. 
Acetate is a final product of natural biodegradation under an oxygen-limited environment. In this study, we 
attempted to convert acetate to succinate using an industrially applicable strain, Pseudomonas putida under 
microaerobic conditions via aerobic pathways. Isocitrate lyase is one of the important enzymes of the glyoxylate 
cycle and is also involved in acetate metabolism. Our study showed that acetate assimilation was improved in 
aceA overexpression strain compared to wild type. After 36h batch fermentation aceA recombinant strain 
produced 2mM succinate. Further, succinate dehydrogenase deletion was conducted to inhibit the succinate 
reassimilation to enhance succinate accumulation. This study provides a platform to understand the role of 
isocitrate lyase to produce bio-succinic acid from the conventionally known refractory simple carbon substrate 
such as acetate under microaerobic conditions. 
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 P0712   The Effect of Stress-related Genes on Butanol Biosynthesis in Clostridium beijerinckii 
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Butanol has been drawn much attention as an alternative to gasoline fuel, and it can be produced via biological 
process called acetone-butanol-ethanol (ABE) fermentation using Clostridia. To date, development of high-
concentration butanol production through ABE fermentation is in progress by overcoming the toxicity and low 
concentration of butanol. 
The purpose of this study is to determine the effect of genes on growth inhibition and butanol production 
in Clostridium beijernckii by over-expression of the stress-related genes of Deinococcus radiodurans that can 
withstand various stress conditions including oxidative stress, high osmotic shock, and low pH. 
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 P0713   Bio-inspired Silica Formation Driven by Novel Silica Forming Peptide 
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Silica particles are widely used materials with diverse industrial and technological applications, such as in catalyst 
support, ceramics, semi-conductor electronics, biomedical materials, cosmetics, etc. Silica particle formation by 
biological catalyst could be more appropriate for biotechnological applications. Although silicatein (protein) and 
R5 (peptide) are well-known as silica-precipitating biomolecular agents, there are still need for searching for new 
biocatalysts, which can mediate silica particle synthesis in mild conditions. Here, we introduce three new silica-
forming peptides found by BLAST and confirmed their biosilica synthesis activity at pH 6-7. In particular, Wa-
RSG showed better performance in the generation of silica particles in pH 6, at which silica is not easily mediated. 
We further explored the optimal amount and reaction time of Wa-RSG for biosilica formation at pH 6-7. Also, 
we investigated that adsorbed Wa-RSG on the E. coli cell surface could mediate silica encapsulation of E. 
coli both in pH 6 and 7, and the silica-shell represented protection against harsh UV-treatments. These results will 
be useful for the process of bio-integrated silica materials, such as biomolecule-contained silica particles or silica-
coated industrial microbe cells. 
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 P0714   Production of 3-hydroxypropionic Acid by Engineered Yarrowia lipolytica through the 
Overexpression of Malonyl-CoA Reductase Gene 
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The oleaginous yeast, Yarrowia lipolytica, is known to accumulate lipids by activating the fatty acid biosynthesis 
pathway and have high capacity for acetyl-CoA and malonyl-CoA biosynthesis in the TCA cycle. Acetyl-CoA 
and malonyl-CoA could be used as precursors of 3-hydroxypropionic acid (3-HP), which is one of high value-
added polymers and can replace petroleum-based chemicals. Y. lipolytica ΔURA3 strain were isolated through 
cultivating 5-fluoroorotic acid containing synthetic complete medium. The expression vector system with uracil 
auxotrophic marker was constructed for genetically modifying Y. lipolytica ΔURA3 strain using Gibson assembly 
method. And then, the vector system for the overexpression of the malonyl-CoA reductase (MCR) gene derived 
from Chloroflexus aurantiacus was constructed to convert malonyl-CoA into 3-HP by an engineered Y. lipolytica. 
After the transformation of MCR gene expression cassette, 75 transformants were isolated. As results of 
fermentation experiments using YPD media containing 10 g/L of yeast extract, 20 g/L of peptone, and 40 g/L of 
glucose, various 3-HP productions from 75 engineered Y. lipolytica were compared with the parental strain. 
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 P0715   Application of Bifunctional Electrodialysis System to Separate Ionic Species of Fermentation 
Products and Recycle Medium Components in Syngas Fermentation 
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Syngas fermentation is a biological process valorizing waste gases into multi-carbon chemicals using micro-
organisms as biocatalyst. Synthesis gas (syngas) is a gas mixture that mainly includes CO, CO2, and H2, and 
generated from several industrial sectors such as power plant and steel manufacturing process. It is also generated 
huge size in the gasification process of solid waste which is one of critical concerns in the emission source of 
anthropogenic greenhouse gases. Microorganisms, called homoacetogens or acetogens, have an option of the 
Wood-Ljungdahl pathway as primary metabolism in order to conserve biological energy (i.e., adenosine 
triphosphate) as well as produce acetyl-CoA as a major backbone intermediate for cellular materials when 
cultivated on syngas components. Meanwhile, single carbon materials can be elongated to acetate and butyrate as 
major products of fermentation. Note that the syngas fermentation is biologically conducted indicating basal salts 
and components are essentially required to satisfy full growth of (homo)acetogens and generation of desired 
products. It is additionally necessary to take an option of products separation which would be cost-effective and 
practically available. In this study, we proposed and tested “electrodialysis” as a feasible application of 
bifunctional role of products separation and medium components recycling in syngas fermentation. Based on the 
results obtained throughout the study, we confirmed and concluded that electrodialysis would be an applicable 
option of separations for ionic species of products from syngas fermentation broth and medium components to be 
recycled into the fermentation, simultaneously. 
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 P0716   Sequence Analysis of KmGUP1 Genes and Comparisons of Glycerol Consumption Rates from 
Various Kluyveromyces marxianus Strains 
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Glycerol is used as a carbon source for polymers of organisms. Various strains such as Klebsiella pneumoniae, 
Clostridium diolis, Desulfovibrio fructosovorans, etc., produce polymers such as propanediol or 3-hydroxy-
propionic acid from glycerol. However, most of the biosynthetic studies using glycerol are mainly focused on 
bacteria, because it is difficult to consume glycerol by yeast generally. In this study, we compared the glycerol 
consumption rates from six Kluyveromyces marxianus strains in YPG media containing 10 g/L of yeast extract, 
20 g/L of peptone, and 40 g/L of glycerol. In addition, amino acid sequences of glycerol uptake protein 1 (GUP1) 
were compared after cloning and sequencing them. As results of fermentation experiments, K. marxianus KCTC 
17212 showed the highest consumption rate of 0.19 g/L·h. However, the consumption rate of K. marxianus ATCC 
36907 was 0.008 g/L·h, which was the lowest glycerol consumption rate. The amino acid sequence of GUP1 
from K. marxianus KCTC 17212 showed that there were four amino acid substitutions (P127L, S177T, L483F, 
and T505A) as compared with other GUP1 amino acid sequences. Those results suggest that four amino acid 
substitutions of GUP1 might cause high glycerol consumption rate by K. marxianus KCTC 17212. 
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 P0717   Effect of Enzyme Concentration and Different Acyl Donor on Enzymatic Synthesis of Puerarin 
Palmitate 
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Flavonoids are natural antioxidants with pharmacological effects such as antioxidant, anti-inflammatory, and anti-
obesity. Puerarin, a substance extracted from the root of Pueraria Lobata, is a kind of flavonoid and is expected 
to be applied to various industries. However, puerarin has low stability and low lipid solubility, which limits its 
application to the human body. Accordingly, it is necessary to improve the bioavailability for application to 
various industries. The limitations of puerarin can be improved via acylation using lipase. Puerarin esters 
synthesized via acylation exhibit higher lipid solubility, improving absorption in body. This study performed 
acylation of puerarin and various fatty acids using lipase and, the one factor at a time (OFAT) method was used 
to estimate the variables (enzyme concentration and acyl donor etc.) that affect the enzymatic synthesis. A 
conversion over 50% was obtained through the application of three variables. 
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 P0718   Regulation of Antioxidant Activity Promotes Photoautotrophic Cell Growth of Rhodobacter 
sphaeroides in Microbial Electrosynthesis 
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Global warming is currently accelerating due to an increase in greenhouse gas emissions by industrialization. 
Microbial electrosynthesis (MES) using electroactive autotrophic microorganisms has recently been reported as a 
method to reduce CO2, the main culprit of greenhouse gas. However, there are still few cases of application of 
MES, and the molecular mechanisms are largely unknown. To investigate the growth properties in MES, we 
conducted growth tests according to reducing power sources in Rhodobacter sphaeroides. The growth rate was 
significantly lower when electrons were directly supplied to cells, compared to when hydrogen was supplied. 
Through a transcriptome analysis, we found that the expression of reactive oxygen species (ROS)-related genes 
was meaningfully higher in MES than in normal photoautotrophic conditions. Similarly, endogenous contents of 
hydrogen peroxide were higher and peroxidase activities were lower in MES. The exogenous addition of ascorbic 
acid, a representative biological antioxidant, promotes the cell growth by decreasing ROS levels, confirming the 
inhibitory effects of ROS on MES. Taken together, our results suggest that reduction of ROS by increasing 
antioxidant activities is important for enhancing the cell growth and production of CO2-converting substances 
such as carotenoids in MES in R. sphaeroides. 
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Lignocellulosic biomass is attracting attention as a renewable resource alternative to petroleum. Clostridium sp. 
JS66 (JS66) can produce hexanoic acid from syngas and sugars. In this study, hexanoic acid production from 
glucose and xylose, the main sugars in lignocellulosic hydrolysate, was investigated using JS66. When each 
glucose and xylose was supplied, the consumption rate of xylose was far slower than that of glucose. JS66 was 
subjected to adaptive laboratory evolution to enhance xylose consumption. The evolved strain exhibited improved 
xylose consumption rates, but carbon catabolite repression (CCR) was observed in the mixture of glucose and 
xylose. The evolved strain was mutated with nitrosoguanidine and CCR-free mutants were screened using a 
phloroglucinol colorimetric assay. As a result, the CCR-free mutant simultaneously utilized glucose (21.1 g/L) 
and xylose (9.9 g/L) and produced 14.6 g/L of hexanoic acid. Whole genome sequence of the mutant revealed 
several mutations that might cause phenotype changes. This is the first report on hexanoic acid production by co-
utilization of glucose and xylose, providing a way for hexanoic acid production from lignocelluose 
 
Keywords : Clostridium sp. JS66, xylose, adaptive laboratory evolution, carbon catabolite repression, random 
mutagenesis 
 
 
  

Advanced Biotechnology for Human Society2022 한국생물공학회 춘계학술발표대회 및 국제심포지엄
2022 KSBB Spring Meeting and International Symposium

424



 P0720   Utilization of n-alkanes by Surfactant-Producing Bacterial Strain, Gordonia sp. JW21 
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n-Alkanes are converted from polyolefins which are one of the non-biodegradable plastics. Recent microbial 
research has been trying to address the issues of degrading plastics. In this study, biodegradation of pretreated 
polyolefins were simulated using Gordonia sp. JW21 for degradation of n-alkanes (C9-C20, C22). Gordonia sp. 
JW21 utilized 1% (v/v) n-alkanes (C9-C20, C22), with total biodegradation ratio of 85.3% in 5 days. Interestingly, 
the hydrophobic substrate and the hydrophilic culture medium were mixed to become homogeneous phase over 
time by Gordonia sp. JW21. Emulsification tests confirmed that Gordonia sp. JW21 produced surface-active 
compounds (SACs) while consuming n-alkanes (C9-C20, C22). Extracellular materials produced by Gordonia sp. 
JW21 were found by scanning electron microscopy, which were expected to be related with emulsification during 
the degradation of n-alkanes. These results indicate that Gordonia sp. JW21 not only consumes n-alkanes but also 
produces the material that is supposed to be surfactant during degradation. Thus, Gordonia sp. JW21 is expected 
to use pretreated polyolefins and produce surface-active and bioremediation agents in various fields. 
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Carbon monoxide dehydrogenase (CODH) is an enzyme which catalyzes carbon monoxide into carbon dioxide 
as one of the metalloenzymes. Recently, carbon monoxide has been used as a feed stock to produce high value-
added products by using biological conversion in industrial fields. In this study, we attempted to optimize the 
cultivation conditions for the mass production of ChCODH which originated from Carboxydothermus hydro-
genoformans. However, due to vulnerability to oxygen of ChCODH, it was necessary to cultivate cells under 
anaerobic conditions, resulting in limitation of ChCODH production by cease of cell growth. In order to 
improve ChCODH production, we applied high cell density culture (HCDC) under anaerobic condition and 
microaerobic condition. In addition, cultivation conditions were optimized to obtain high specific activity 
of ChCODH in a HCDC. As a result, total amount of biomass and specific activity of ChCODH were significantly 
improved in a 5L-scale fermenter. 
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Ketone bodies are energy source for body produced by the liver under energy restriction conditions. Many studies 
have been reported on various clinical effects such as potential therapeutic effects for cancer and cardiovascular 
disease, which can be obtained by maintaining ketone body levels over 0.5 mM. Hydroxybutyrate methyl ester 
(HBME), a ketone ester, more effectively increases ketone body levels than beta-hydroxybuyrate (BHB). HBME 
has also been reported to have a potential as a treatment for Alzheimer's disease. However, there are still only a 
few studies on the synthesis of HBME, and only the chemical synthesis methods are known. In this study, HBME 
was synthesized by enzymatic esterification using BHB and methanol. In order to determine the optimal 
conditions, various reaction parameters such as reaction temperature and type of solvent were investigated. As a 
result, over 90% conversion was obtained under the optimal condition. 
 
Keywords : ketone body, beta-hydroxybutyrate, hydroxybutyrate methyl ester, lipase, optimization 
 
References 
1. S. A. Hashim, T. B. VanItallie. J. Lipid Res. 55(9), 1818-1826 (2014). 
2. S. R. Yurista, C. R. Chong, J. J. Badimon, D. P. Kelly, R. A. de Boer, B. D. Westenbrink. J. Am. Coll. Cardiol. 

77(13), 1660-1669 (2021). 
 
 
  

Advanced Biotechnology for Human Society2022 한국생물공학회 춘계학술발표대회 및 국제심포지엄
2022 KSBB Spring Meeting and International Symposium

427



 P0723   Improvement of Ectoine Production by Deletion of Putative Ectoine Degradable Gene 
in Methylomicrobium alcaliphilum 20Z 

 
Sangeun LIM1, Sukhyeong CHO2, Jeong Geol NA1, Jinwon LEE1 
1Department of Biochemical Engineering, Sogang University, Seoul, Korea, 2C1 Gas Refinery R&D Center, 
Sogang University, Seoul, Korea 
Corresponding Author Email : kbum1357@naver.com 
 
Methane is a main component that affects global warming with the substantial potential. To alleviate it, several 
efforts are underway in various fields, likewise biotechnology. Methane is converted into value-added material 
such as Ectoine which is used as a stabilizer for macromolecules and nucleic acids by methanotrophic 
bacterium, Methylomicrobium alcaliphilum 20Z. In previous our study, we confirmed that ectoine production 
increased until exponential growth phase and then decreased rapidly. In order to reduce the degradation of 
produced ectoine, we constructed mutant defective in doeA that putatively hydrolyzes ectoine into Nα-acetyl-
DAB. As a result, cell growth slowed down in a ΔdoeA mutant compare to 20ZDR (ΔectDΔectR), but the amount 
of ectoine accumulation, which was usually decreasing over time, increased, and the titer of ectoine increased by 
1.24 times. Finally, it was confirmed that doeA encodes the enzyme that catalyzes reaction in which ectoine is 
hydrolyzed to Nα-acetyl-DAB and is a major gene in ectoine degradation. 
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Both of poly(3-hydroxybutyrate) (PHB) depolymerase and 3-hydroxybutyrate dehydrogenase are involved in the 
degradation process of PHB in microorganism. To identify the presence of the PHB depolymerase gene (phaZ) 
and the 3-hydroxybutyrate dehydrogenase gene (bdhA) in the Bacillus strains with the ability of PHB degradation, 
we tried to search the conserved region of each gene in Bacillus strains (thirty-five) and amplified the regions of 
each gene by PCR. For PCR amplification, we developed the universal primer set for the conserved region of 
about 1.1 kb in phaZ and about 270 to 280 bp in bdhA. After optimization of PCR condition, PCR was performed 
with three Bacillus strains which showed PHB degrading activity from our collaborator (Prof. Yung-Hun Yang, 
Konkuk University). PCR tests showed that three Bacillus strains had phaZ and bdhA. In addition, when we 
searched the NCBI GenBank database, we found that three Bacillus strains have been reported to contain bdhA but 
two of them have never been reported to contain phaZ. In conclusion, we found the universal primer sets to 
amplify the conserved region of phaZ and bdhA gene in Bacillus strains, which could help to study the mechanism 
and pathway of PHB degradation in Bacillus strains. 
  
Keywords : poly(3-hydroxybutyrate) (PHB), PHB depolymerase, 3-hydroxybutyrate dehydrogenase, phaZ, 
bdhA, PCR 
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The production of 3-hydroxypropionic acid (3-HP), an isomer of lactic acid, is an important chemical that serves 
as a precursor for a wide range of industrial applications and can replace plastics, resins and adhesives produced 
from fossil fuels. Lignocellulosic biomass composed of cellulose, hemicellulose and lignin is a renewable and 
abundant resource. As Kluyveromyces marxianus can grow at a high temperature and metabolize xylose, 
lignocellulose can be used. for the production of 3-HP as a carbon source by engineered K. marxianus. K. 
marxianus DF33-14 which was engineered to utilize xylose efficiently, was cultured on a 5-fluoroorotic plates to 
select a URA3 deleted K. marxianus DF33-14. Acetyl-CoA carboxylase 1 (ACC1) gene derived from K. 
marxianus and malonyl-CoA reductase (MCR) gene derived from Chloroflexus aurantiacus were overexpressed 
into the K. marxianus DF33-14-ΔURA3 strain. Among various transformants, 3-HP productions were compared 
with the parental strain using YPX media containing 10 g/L of yeast extract, 20 g/L of peptone, and 80 g/L of 
xylose. 
  
Keywords : xylose, 3-hydroxypropionic acid , Kluyveromyces marxianus, malonyl-CoA reductase , acetyl-CoA 
carboxylase 1 
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 P0726   Improvement of Volatile Quality from Allomyrina dichotoma Larvae Using Yeast Fermentation 
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Fermentation using Saccharomyces cerevisiae is used to improve overall flavor in food industry. Allomyrina 
dichotoma larvae, one of edible insects has good nutritional value with abundant proteins (39.31% ± 1.34%) but 
off-flavor. In this study, we investigated that the flavor of A. dichotoma larvae was improved using yeast 
fermentation. First, we analyzed the causes of the off-flavor volatile from A. dichotoma larvae such as indole 
which is known to have fecal odor by using headspace solid-phase microextraction/gas chromatography-mass 
spectrometry (HS-SPME/GC-MS). After yeast fermentation, it was found that the quantity of indole was 
significantly reduced through principal components analysis (PCA). On the other hand, volatile substances such 
as ethyl acetate, isopentyl acetate, and 2-butanone which are known to have fruity odor were increased after yeast 
fermentation. Also, network analyses such as MetaMapp were conducted to show biochemical interrelationships 
and metabolic pathway between changed volatiles of S. cerevisiae W-3. As a result, A. dichotoma larvae 
fermented using yeast can lower their off-flavor and improve people’s bad perception of edible insects. 
Consequently, edible insects have potential as next-generation protein sources. 
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Macroalgae is regarded as a promising third-generation marine biomass that can be utilized as a sustainable 
feedstock for bio-industry due to the high sugar level and absence of lignin. Alginate, composed of 1,4-linked D-
mannuronate (M) and L-guluronate (G), is one of the major carbohydrates in brown macroalgae. It is difficult to 
be assimilated by most industrial microorganisms. Therefore, developing engineered microorganisms that can 
utilize alginate as a feedstock in order to produce natural products from marine biomass is critical. In this study, 
we isolated, characterized, and sequenced Vibrio sp. SP1 which rapidly grows using alginate as a sole carbon 
source. We further engineered this strain by introducing genes encoding enzymes under the control of synthetic 
expression cassettes to produce lycopene and β-carotene which are attractive phytochemicals owing to the 
antioxidant property. We confirmed that the engineered Vibrio sp. SP1 could successfully produce 2.13 ± 0.37 mg 
L−1 of lycopene, 2.98 ± 0.43 mg L−1 of β -carotene, respectively, from 10 g L−1 of alginate as a sole carbon source. 
Furthermore, our engineered strain could directly convert 60 g L−1 of brown macroalgae Sargassum fusiforme into 
1.23 ± 0.21 mg L−1 of lycopene without any pretreatment which had been vitally required for the previous 
productions. As the first demonstrated strain to produce high-value product from Sargassum, Vibrio sp. SP1 is 
evaluated to be a desirable platform for the brown macroalgae-based biorefinery. 
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Clostridioides difficile infection (CDI) is caused by an imbalance of the gut microbiota caused by antibiotic 
therapy and causes from mild diarrhea to colitis and even death. Recently, the development of alternative therapy 
that can ameliorate gut microbiota imbalance is required due to difficulty in treatment of CDI and high recurrence. 
Even though probiotic therapy has been reported for CDI treatment and prevention, the mechanism of anti-C. 
difficile effect by probiotics is unclear at the molecular level. In this study, the C. difficile growth inhibitory effects 
of five Bifidobacterium species were evaluated and Bifidobacterium longum ATCC 15707 show highest 
inhibitory effect. Then, the physiological change of C. difficile caused by B. longum were observed using 
proteomic and metabolomic analysis. The multiomics data showed that proteins involved in proline-dependent 
regulation, protein synthesis, DNA replication etc. were significantly changed. In conclusion, by multiomics 
approach, we can observe physiological changes involved in growth inhibition and toxin reduction effect of 
probiotics on C. difficile. 
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Class II polyhydroxyalkanoate (PHA) synthase (phaC) is required to produce medium-chain-length PHA (mcl-
PHA). The proposed PCR method in this study aims to amplify the approximately conserved region within the 
Class II PHA synthase (phaC) gene. To identify the presence of the Class II PHA synthase (phaC) gene 
in Pseudomonas strains, we tried to search the conserved region of each gene in Pseudomonas strains (thirty) and 
amplified the regions (530~700 bp) by PCR. We have developed the universal primer sets for PCR amplification 
of the conserved gene sequences. After selecting halophilic strains from the Korean salted see food shrimp and 
yellow corvina jeotgal, we extracted the genomic DNA from each strain that was cultured under high salt 
conditions (80% w/v). The determined primers were tested for the selected ten halophilic strains’ genomic DNA 
to confirm the optimal PCR reaction conditions. PCR results showed that three strains contained Class II PHA 
synthase (phaC) gene among ten halophilic strains. In conclusion, we found the universal primer sets to amplify 
the conserved region of Class II PHA synthase (phaC) gene in Pseudomonas strains, which could help to study 
the mechanism and pathway of mcl-PHA synthesis. 
 
Keywords : class II polyhydroxyalkanoate (PHA) synthase (phaC), polyhydroxyalkanoate (PHA), Pseudomonas, 
PCR, medium-chain-length PHA (mcl-PHA) 
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Microbial oil serves as a sustainable feedstock for producing biodiesel and bio-jet fuels. With increased oleate 
contents, microbial oils add values with expanded applications as food ingredients and biolubricant. Here, we 
investigated the effect of acids supplementation on microbial oil production and its oleate contents in an 
oleaginous yeast Yarrowia lipolytica. In the presence of hexanoic acid, a minimally engineered Yarrowia 
lipolytica increased both microbial oil production and its oleate contents by up to 1.93 and 3.33 folds, respectively, 
as compared to those of wild type. The improvement was more clearly shown in an engineered strain with 
pex10(peroxisome biogenesis factor 10) deletion, suggesting the role of hexanoic acid in the altered lipid 
metabolism. This study provides a simple strategy to selectively increase oleate contents in microbial oil produced 
by Y. lipolytica. 
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Lignin valorization has gained more and more interest during last few decades due to the increasing lignin waste 
from paper and biofuels industry. In this study, a novel approach for lignin valorization was demonstrated that 
allowed chemical depolymerized lignin and its solvent – ethanol to be co-upgraded without separation processes. 
An industrial promising strain Pseudomonas putida KT2440 was employed for co-upgrading of ethanol assisted 
depolymerized lignin with various lignin monomers. Formaldehyde utilization pathway was introduced to 
promotes the cell growth in ethanol as a bypass product of G-lignin compounds. Furthermore, protocatechuate 
3,4-dioxygenase was deleted and a novel aldehyde dehydrogenase from Dickeya zeae was reconstructed to 
convert acetaldehyde directly to acetyl-CoA. Finally, engineered strains were able to convert 500 µl of ethanol-
assisted depolymerized lignin to 6.73 ± 0.26 mg/L of PCA with a 17.5% (w/w) yield of total lignin monomers, 
and 303.66 ± 26.75 mg/L of PHA with 21.26% (w/w) of dry cell weight. The approach in this study employing 
organic solvent as the co-substrate can be a potential approach to broaden the application of lignin valorization. 
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During treatment of protein losing enteropathy (PLE), the gut microbiota can be negatively affected by long-term 
nutritional support and medication. A disturbed gut microbiome can adversely affect treatment and cause diarrhea 
or poor health. The aim of this study was to explore effective method for the alleviation and treatment of PLE by 
gut microbiota comparison in dogs. 16S rRNA-based sequencing was used to assess microbial communities of 18 
healthy (H) and 4 PLE treatment dogs. Compared to H, PLE dogs have lower species diversity, an imbalanced 
bacterial composition, and higher levels of opportunistic pathogens. Proteobacteria was the most predominant 
phyla in PLE dogs, which is significantly higher than in H (53.4% and 17.8%), while lower in Bacteroidetes (4.4% 
and 36.8%). In addition, higher abundance enterococci, which are associated with multidrug-resistant were 
observed in PLE dogs. These findings suggested that restoration of healthy gut flora such as microbial balance 
and supplementation of beneficial bacteria, could enhance the therapeutic effect in PLE dogs.  
** This study was supported by a cooperative research program of Rural Development Administration 
(#PJ015274022022). 
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Isoflavone, as representative phytoestrogen is well known to anti-depression, body temperature control for 
especially menopause women. Isoflavone transformation improves isoflavone absorption in the body and 
increases estrogen-like activity, which can reduce side effects caused by hormonal changes for menopausal 
women. Therefore, in this study, isoflavone extraction from soybean was optimized and biotransfomated using 
patented Bacillus velezensis NY-C-TB79 from kimchi. Isoflavone was extracted by water, methanol, ethanol, 
ethyl acetate, hexane and ethanol extraction showed highest extraction yield with 1014 µg/g soybean powder. 
After fermentation, the total isoflavone content increased from 10.71 mg/g to 111.98 mg/g, and the aglycone 
content before fermentation was 0.52 mg/g but measured at 44.43 mg/g after fermentation. Therefore, the 
isoflavone content is increased after fermentation. These results indicate that isoflavone extracted and 
biotranformed using bacillus velezensis NY-C-TB79 would be useful functional source for women's health in 
food or pharmaceutical industry. 
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 P0734   Chitosan Hydrogels with Reinforced Stability 
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Various studies have been actively conducted to prepare a carrier for enzyme immobilization using chitosan 
hydrogel beads, which are natural polymers with excellent biocompatibility. Although chitosan hydrogel beads 
prepared by the conventional methods are mainly used as enzyme immobilization carriers for food processing, 
their application fields are limited due to particularly weak mechanical strength. This research group has published 
elsewhere the results in which porous chitosan hydrogel capsules prepared by replacing an anionic surfactant with 
hydroxide ion after preparing a shell-formed chitosan hydrogel capsules using an SDS solution as an anionic 
surfactant were used as carriers for enzyme immobilization. In this study, chitosan hydrogel beads and capsules 
with further improved mechanical and thermal stability by introducing a coating step were investigated to prepare 
carriers for protein immobilization. The additionally coated chitosan hydrogel beads and capsules developed 
through this study are expected to be utilized as carriers for various other purposes. 
 
Keywords : chitosan, hydrogel, stability 
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 P0735   Expression of Membrane-Interacting Sequences in Escherichia coli 
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High-density cultured E. coli cells are difficult to disrupt efficiently by traditional cell disruption processes, and 
it takes a lot of time and money. In this study, some basic investigations were conducted to develop an E. 
coli system for recombinant protein production that can efficiently perform the cell disruption process after cell 
culture in the recombinant protein production process at low cost. The increase in cell disruption efficiency after 
cell culture was investigated by introducing virus-derived cell membrane-disrupting mutant sequences that is safe 
for the human body due to lack of mammalian cell membrane fusion activity and has excellent selective lytic 
ability only in E. coli cell membrane. The cell membrane-disrupting sequence expressed in E. coli is inserted into 
the E. coli cell membrane and removed as cell debris together with the cell membrane by centrifugation after cell 
disruption, so that only the target protein can be easily separated. In order to develop a more efficient E. 
coli system, additional studies such as regulating the expression of cell membrane perturbation sequences at a 
desired time point and inducing simultaneous perturbation of the cell membrane and cell wall are required. The 
development of such an efficient E. coli cell disruption process is expected to be an epochal turning point in the 
existing industrial-scale recombinant protein production processes. 
 
Keywords : membrane, membrane-interacting, Escherichia coli 
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 P0736   Dual Expression Method for Chimeric Ferritin Using Self-assembly 
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Ferritin, composed of 24 monomers, is a protein expressed by living organisms for iron regulation and has a 
spherical cage shape of uniform size. In nanotechnology, reversible assembly/disassembly is one of the functional 
properties of ferritin for physically loading various materials or fabricating multi-functional nanoparticles. 
However, disassembly requires severe conditions such as extreme acidic or alkaline conditions or high-
concentration chemical treatment, which leads to protein damage, reduced recovery, and incomplete assembly. 
This study produced a chimeric form without damage by simultaneously expressing two monomers using a dual 
expression vector. In this way, the chimeric form can be made more easily without an additional purification 
process and loss of protein yield during manufacture. To check the ratio of each monomer and the difference in 
function according to it, silica forming peptide (SFP)-fused human ferritin monomer used. The double expression 
was confirmed that ferritin and SFP fusion ferritin were expressed at a constant ratio and gathered to form chimeric 
ferritin. Chimeric ferritin showed the size and functional differences compared to ferritin and SFP-fused ferritin 
with a single monomer, respectively. This study shows that dual expression is a suitable method for manufacturing 
intact chimeric ferritin composed of two different monomers. 
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 P0737   The Effect of Butyric Acid Produced by E. coli Nissle 1917 with BCD on Treatment of Ulcerative 
Colitis 
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Butyric acid belongs to short-chain fatty acids (SCFAs) and is the most plentiful metabolite derived from bacterial 
fermentation of carbohydrates such as dietary fibers in the intestine. Faecalibacterium prausnitzii (FP) is one of 
the most abundant bacteria in the human intestinal microbiota and regarded as a major effector in human intestinal 
health because of its anti-inflammatory effects. It produces butyric acid which has beneficial effect on human gut 
health. However, the extreme oxygen sensitivity has been a major obstacle to cultivate and study physiological 
characteristics of this organism. The genes encoding Butyryl-CoA dehydrogenase (BCD) and Butyryl-CoA: 
Acetate-CoA-transferase (BUT) in FP were cloned and expressed in E. coli to determine the effect of butyric acid 
production on intestinal health. According to the results of butyric acid production in wild-type E. coli expressing 
BCD, BUT or both, BCD was shown to be essential, while BUT was dispensable, for the production of butyric 
acid. The anti-inflammatory effects of butyric acid production were tested by administrating these strains into 
DSS-induced colitis model mice. 
 
Keywords : E.coli Nissle 1917, butyric acid, butyryl-CoA dehydrogenase(BCD), sugar preference, DSS-colitis 
model, anti-inflammatory 
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 P0738   Novel Solid Binding Peptides Target Enzyme Immobilization on Native Silica Surfaces with 
Highly Catalytic Efficiency 
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The use of enzymes to catalyze reactions on solid surfaces has been demonstrated in several potential applications. 
Nevertheless, there is a need to further develop current methods for immobilizing enzymes effectively and with 
retained activity. In this study, two different solid-binding peptides, SBP1 and SBP2, were used as fusion tags to 
target the immobilization of recombinant enzyme onto the native silica surface.  Silica surfaces were selectively 
loaded with fusion proteins from the lysates of cells. During immobilization, SBP1 showed a higher recovery of 
enzyme activity than SBP2 or tag-less system. Additionally, the immobilized SBP1 fusion protein on silica 
showed enhanced thermal stability, pH stability, and storage stability, retaining 72% of its original activity after 
5 runs. Using lysine aminoacid as eluent, SBP1 fusion protein was eluted in 91% purity with 85% recovery. We 
demonstrated that SBP1 peptides is very promising solid-binding tag for preserving enzyme activity during 
immobilization.  
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 P0739   Expression and Assembly of the LTB Subunit Fusion Proteins Expression in Saccharomyces 
cerevisiae at a Sub-physiological Temperature 
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Escherichia coli heat labile toxin B subunit (LTB) is one of the most popular oral vaccine adjuvants and intestine 
adsorption enhancers. It is often expressed in fusion with target antigens to enhance their immunogenicity as well 
as gut absorbability. Its expression level is one of the critical elements in determining the success of immunization 
experiments. In this study, we reported two significant observations on the expression of LTB fused with two 
Dengue virus antigens, namely the Dengue serotype 2 envelope domain III (EDIII2) and the Dengue synthetic 
consensus envelope domain III (scEDIII) in Saccharomyces cerevisiae while attempting to improve their 
expression levels for Dengue oral vaccine development. First, the expression as well as the functional assembly 
of the recombinant proteins in S. cerevisiae increases when the expression temperature is reduced from the 
conventional temperature at 30oC to 20oC. Second, the discrepancy in the expression levels at 20oC and 30oC is 
more pronounced if the target proteins do not express well at 30oC. Expression analysis at transcription level 
showed difference in expression patterns or absolute levels between 20oC and 30oC expression conditions, 
suggesting some post-transcriptional effects involved. One of them could be the unfolded protein response. The 
phenomenon seems to be ubiquitous regardless of target proteins. Our results suggest a convenient strategy to 
improve the expression of difficult-to-express proteins in Saccharomyces cerevisiae 
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 P0740   Nocardioides humilatus sp. nov., Isolated from Farmland Soil in South Korea 
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A Gram-stain positive, aerobic, irregularly rod-shaped, non-spore-forming bacterium, designated as BN130099T, 
was isolated from farmland soil in Goesan-gun, Chungbuk province in South Korea. Phylogenetic analysis of the 
16S rRNA gene sequence showed that the strain is closely related to Nocardioides pelophilus KACC 19192T with 
98.11% similarity. The DNA G+C content of the strain BN130099T was 68.84 mol %. The genome sequence of 
BN130099T displayed key enzyme involved in bioremediation of organic pollutants and biosynthetic clusters of 
saquayamycin. The strain contained LL-2,6-diaminopimelic acid in the cell-wall peptidoglycan and MK-8(H4) as 
the major respiratory quinone. The predominant fatty acid was iso-C16:0. The major polar lipids were diphos-
phatidylglycerol, phosphatidylglycerol, phosphatidylcholine, and phosphatidylinositol. The results of 
physiological and biochemical characterization allowed the phenotypic differentiation of strain BN130099T 

from N. pelophilus KACC 19192T
. The strain represents a novel species of the genus Nocardioides, for which we 

propose the name Nocardioides humilatus sp. nov. The type strain is BN130099T (=KCTC 49079T =CCTCC AB 
2018135T). 
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 P0741   High-Throughput Screening and Key Factors for Optimizing Cryopreservation of Freshwater 
Green 
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Microalgae research has been recognized as the most important biological resource in the biological industry since 
its research initiated in the late 18th century. However, despite the importance of its application, the field of basic 
research related to the long-term preservation of microalgal cultures has not received much attention. Due to the 
diverse morphological and physiological characteristics of microalgae, there is currently no standard long-term 
preservation method for microalgae. Therefore, this study investigated the key factors involved in the success of 
cryopreservation of 20 types of green algae obtained from the Nakdonggang National Institute of Biological 
Resources. In this study, for cryopreservation of microalgae, the cooling control process and thawing process of 
choice of cryoprotectant and cryopreservation were studied as key factors, respectively. The removal of the 
cryoprotectants was the most important factor in the post-cultivation. Based on this result, the development of less 
labor-intensive and cost-effective preservation techniques that enable the cultivation of biologically active and 
stable microalgae will have potential applications in the biotechnology industry and in research. 
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 P0801   Engineering Thermoresponsive Protein-Based Polymeric Materials for Recovery of Rare Earth 
Elements 
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Rare earth elements (REEs) are essential materials used in the high-tech and clean-energy industries. However, 
the environmentally unsustainable extraction practices associated with REEs have encouraged the development 
of green technologies for the selective extraction and recovery of REEs. We have developed a simple and 
innovative technology for the selective extraction and recovery of total REEs. To investigate elastin-like 
polypeptide (ELP) and the REE-binding domain expressed as fusion proteins to form REEs-selective and thermo-
responsive genetically encoded ELP called RELP, where ELP offered a reversible, inverse phase transition for 
repeated uses. RELP facilitated the selective recovery of REEs from simulated complex metal mixtures or the 
industrial waste (steel slag leachate) in batch operations. The RELP also demonstrated its reusability to recover 
REEs in continuous operations during at least six repeated cycles, maintaining efficiency. Following minimal 
conditioning, technology offers a rapid, selective, low-cost, environmentally friendly, and scalable REE extraction 
and recovery using RELP. The technology can be adapted to recover other precious metals and commodities. 
  
Keywords : biosorption, rare earth elements, lanthanides, elastin-like Polypeptide, Protein, genetic engineering, 
biomaterials, stimuli responsive materials, extraction, recovery 
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 P0802   Electrodeposition of Polydopamine/polypyrrole on Graphite Felt Enhances Biocompatibility for 
Electroactive Bacteria and Power Density of Microbial Fuel Cell 
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The interactions between microbes and the surface of anode play an important role in capturing the respiratory 
electrons from bacteria in microbial fuel cells (MFCs). The physicochemical and electrochemical characteristics 
of carbon material influences biofilm growth and direct electron transfer (DET) in MFC. In this study, 
electrodeposition of polydopamine (PDA) and polypyrrole (PPY) on graphite felt electrode (GF), was examined. 
The MFC with the modified PDA/PPY-GF reached 920mW/m2, which was 1.5, 1.17, and 1.18 times greater than 
those of the GF, PDA-GF, PPY-GF, respectively. PDA has superior hydrophilicity and adhesive force biofilm 
formation, while PPY provides electrochemically active sites for DET between electrode and bacteria. Results 
from Fourier Transform Infrared Spectroscopy (FT-IR), Raman spectroscopy, Brunauer-Emmett-Teller (BET), 
and Contact angle analysis show enhanced physicochemical properties of modified electrodes. These results show 
that co-doped PDA/PPY provides a strategy for electro-active biofilm development and higher bio-electro-
chemical performance in realistic MFC reactors. 
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 P0803   Synthesis of Polyaniline on Graphite Felt (PANI/GF) as Biocathode to Improve the Start-up 
Time and Acetate Productivity of Microbial Electrosynthesis Cell 
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Microbial electrosynthesis (MES) for CO2 re-utilization and valorization have recently been spotlighted as an 
innovative technology for the production of high value-added chemicals (i.e. acetate and multicarbon organics). 
Electron uptake of microorganism from cathode through extracellular electron transport system, is a key step in 
the acetate production from CO2 of MES. Here, we developed a novel graphite felt electrode which is 
electrodeposited using polyaniline (PANI/GF). The high biocompatibility and electrochemical conductivity of 
PANI promotes biofilm formation by increasing the interfacial biocompatibility between the carbon surface and 
electroactive microorganisms. The electrochemical properties of PANI/GF were analyzed through cyclic 
voltammetry (CV) and electrochemical impedance spectroscopy (EIS). The physicochemical properties of 
PANI/GF are analyzed by Field Emission Scanning Electron Microscope (FE-SEM), SEM-EDS (Energy 
Dispersive X-ray Spectroscopy), FT-IR (Fourier Transform Infrared Spectrometry), Raman spectroscopy, Total 
protein assay using BCA. The PANI/GF produced higher acetate production (53 mM) than the unmodified GF 
(33 mM). Physicochemical and electrochemical analyses showed that PANI/GF electrodes promoted the 
enrichment and biofilm formation. These results demonstrate that PANI/GF is a promising modification method 
for the carbon material for MES. 
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 P0804   Valorization of Lignin and Electrochemical Hydrogen Production Using Molecular Metal Oxide 
Clusters 
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Lignin is one of the most abundant natural biopolymers, and its effective utilization is considered a key to the 
realization of biorefinery. On the other hand, electrochemical energy conversion is drawing huge attention as a 
potential route to carbon-neutral production of various chemicals. However, the recalcitrance of lignin and the 
energy-intensive nature of electrochemical processes hinder the practical application of the respective 
technologies. Here, we show that oxidative depolymerization of lignin using molecular metal oxides clusters can 
address the problems. Briefly, lignin can be electrochemically depolymerized into value-added chemicals at 
relatively low potentials while donating electrons for the electrochemical reductive synthesis of various chemicals 
(e.g., hydrogen). We found that lignin can act as a source of both electrons and value-added aromatic compounds 
(e.g., vanillin)., We believe that this study can provide insights into both the effective utilization of lignin and the 
development of novel electrochemical systems for a sustainable future. 
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 P0805   Amplification of Microplastics (MPs) Detection Through Gold Nanorods (Au NRs) Plasmonic 
Effect Under FT-IR Spectroscopy 
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Today, waste micro plastics after humans usage frequently causes serious environmental problems and their 
detection methods have been lagged due to many obstacles. In this study, using binding peptide (BP) of certain 
microplastics (MPs) such as polystyrene, polyethylene and polypropylene, which was combined into microneedles 
array format by Stamping process.  
Specific binding of MPs on BP conjugated AuNRs could amplify the peak of MPs under FT-IR spectroscopy, 
which could make MPs detection more efficiently. Its effect is believed to be a plasmonic origin and it could 
detect MPs in low concentration to solve problem associated with low detection sensitivity from vibrational 
spectroscopic detection. 
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 P0806   Biological CO2 Conversion with Protected Biofilm from Shear Stress in a Microbial 
Electrosynthesis Cell 
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Electrodes-driven biological electron transfer converts CO2 into muti-carbon and value-added chemicals via 
microbial electrosynthesis (MES). The electron transfer is mainly achieved by the redox reaction between 
microbial and electrode surface. In this process, the biofilm developed on the electrode surface plays an important 
role to capture respiratory electron and reduce CO2. Most previous studies show, dense and well-developed 
biofilms can significantly improve electron transfer efficiency between microbe and electrode surface. It is 
essential to formation of dense biofilms for MES to enhance electron transfer and productivity of MES. In this 
study, we developed a safe-house carbon felt electrode to actively protect the biofilm from the shear stress in 
MES. The electrochemical characteristics and acetate productivity were examined in the safe-house carbon felt as 
compared to the control (i.e. unprotected carbon felt). Our results show that increases of acetate (80%) and 
simultaneous energy efficiency (34%) were obtained from the safe-house carbon felt electrode. The acetogenic 
and biofilm-forming bacteria presented significantly higher abundance and diversity than unprotected carbon felt. 
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 P0807   Eco-friendly Bioconversion of Lignin into Value-added Chemicals Using Evolutionary Mutated 
Fungal Strains and Accelerators 
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Lignin is an inexpensive, abundant, and renewable natural resource that can be used in fine chemicals, 
pharmaceuticals, and energy resources. However, due to its high molecular weight, relative insolubility, and 
highly complex nature of the irregular structure, in general, the utilization of lignin requires high-temperature and 
high-pressure for the depolymerization or degradation. Besides, such complexed process causes environmental 
pollutions and unsafe manufacturing processes. In this study, we investigated biological degradation and 
conversion of lignin into its monomers or metabolites through the microbial fermentation process using laboratory 
evolutionary mutated fungal strains including Aspergillus niger species. In the media supplemented with an 
accelerator chemical, the lignin and the wood samples were significantly degraded with producing several 
commercially interesting value-added chemicals. The activity of ligninolytic enzymes such as laccase, lignin 
peroxidase (LiP), and manganese peroxidase (MnP) were analyzed to confirm the mechanism of lignin 
degradation and conversion. These results demonstrate a potential of the lignin biorefinery process using fungal 
strains. 
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 P0808   Manufacture and Performance Evaluation of Air Cathode Mixed with Reduced Graphene Oxide 
and Activated Carbon to Improve the 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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 P0809   Evaluation and Analysis of Impedance and Polarization Test of Carbon Felt Bioanode in 
Continuous Mode Microbial Fuel Cell 
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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 polariza-
tion 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. 
  
Keywords : microbial fuel cell, carbon felt, continuous-flow, scan rate 
 
 
  

Advanced Biotechnology for Human Society2022 한국생물공학회 춘계학술발표대회 및 국제심포지엄
2022 KSBB Spring Meeting and International Symposium

456



 P0810   Performance Analysis and Evaluation of Microbial Fuel Cells According to the Configuration 
and Number of Brush Anodes 
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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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 P0811   Development of ZIF-67 Cathode Using Ultrasonication and Solution Precipitation as a New 
Manufacturing Method for Microbial Fuel Cell Cathodes 
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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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 P0812   Evaluation of the Performance and Electrochemical Properties of Microbial Fuel Cells Using 
Various Anode Structures, Configuration and Materials 
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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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 P0813   Electrochemical Performance Evaluation of Microbial Electrolysis Cells Using Nickel Catalyst 
and Various Binders 

 
Sunghoon SON, Sokhee JUNG 
Department of Environment and Energy Engineering, Chonnam National University, Gwangju, Korea 
Corresponding Author Email : sokheejung@gmail.com 
 
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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 P0814   Evaluation of Microbial Fuel Cell Performance and Electrochemical Properties According to 
Various Brush-anode Configurations 
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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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 P0815   Comparative Analysis of the Performance and Bacterial Community of Successive Alkalinity-
producing Systems (SAPSs) in a Manual Treatment Process to Treat Various Mine Drainage with 
Different 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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 P0816   Characterization of Microfluidics Trap and Mixer Platform for Efficient Fluorescent Tagging of 
Microplastics 
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In this study, a microfluidic trap and mixer devices for microplastics (MPs) harvest and fluorescent tagging were 
fabricated with polydimethylsiloxane (PDMS) using SU-8 photolithography. In the MPs trap modules grooves 
were designed and patterned in the microfluidic channel to create turbulence to separate and trap the MPs at the 
grooves. UV-Vis absorbance analysis demonstrates that the grooved channel (7.5 cm long, 1.8 cm wide, 500 μm 
high) was an efficient platform to trap and store the 106 μm< mesh sieved polystyrene (PS) MPs up to 95 % 
removal efficiency with 2 mL/min flow rate. In addition, the mixer with two inlet fluids was designed as a tortuous 
microfluidic channel for efficient MP fluorescence staining with S-FN and Nile Red. Photoluminescence (PL) 
and Fourier transform infrared (FT-IR) analysis show that the mixer module was an efficient platform both for 
two fluorescent labeling dyes of MPs on a short time scale of 10 min. Through this study, a novel lab on a chip 
for a MP fluorescence labeling was first introduced. 
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First, we confirmed the production of isoprene by R. sphaeroides and investigated the antimicrobial activity. We 
developed an air-sharing culture system in which aseptically shared the same atmosphere, to evaluate the effect 
of isoprene. As a result, the isoprene showed antimicrobial activity against all evaluated strains, especially against 
Gram-positive bacteria. The FE-SEM images showed that isoprene causes cell death by acting on the cell wall or 
the extracellular membrane. 
Next, we introduced the CBB gene from R. sphaeroides into E. coli to enable the CO2 compatible bio-mitigation 
process under non-photosynthetic conditions. We confirmed a significantly reduced Inclusion body (IB) formation 
and a more than 10-fold increased CO2 fixation activity by controlling the culture temperature. The electron 
requirements for redox cofactors and the cathode were further increased by inhibiting IB formation. 
** 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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Lignocellulosic biomass (LCB) is recently getting more attention as a sustainable source of biorefinery without 
conflicts with the food supply. For the practical application of LCB refinery, the total utilization of LCB is 
critically required to improve carbon recyclability and economic feasibility. However, the utilization of LCB has 
been limited to cellulose and hemicellulose due to recalcitrance and the low utility of lignin. Here, we report that 
lignin in LCB can be selectively depolymerized and produce value-added aromatic chemicals using 
electrochemical methods. Briefly, soluble redox-active polyoxometalates (POMs) can depolymerize only lignin 
and produce vanillin while cellulose and hemicellulose remained close to intact. Unlike most conventional 
depolymerization methods, both lignin in LCB and fractionated lignin can be effectively valorized using the 
present method. In addition, the oxidative depolymerization of lignin provided electrons to POMs for further 
utilization in electrochemical synthesis and power generation. We believe that the present study can provide 
insights into the effective utilization and development of less energy-intensive processes for the biorefinery. 
 
Keywords : lignocellulosic biomass, biorefinery, lignin utilization 
 
References 
1. H. Oh et al., ACS Catal. 10, 3, 2060 (2020). 
2.  A. Le Floch et al., Carbohydr. Res. 417, 94 (2015).  
 
 
  

Advanced Biotechnology for Human Society2022 한국생물공학회 춘계학술발표대회 및 국제심포지엄
2022 KSBB Spring Meeting and International Symposium

465



 P0819   Production of Bioactive Peptides Fin Reactor Using Tuna Wastewater 

 
Se Young JUNG, Joong Kyun KIM 
Department of Biotechnology, Pukyong National University, Busan, Korea 
Corresponding Author Email : junekim@pknu.ac.kr 
 
Since tuna has been one of favorite fish in the world, efficient treatment of its waste is indispensable according to 
increase in its consumption. Biodegradation is known an efficient method for eco-friendly treatment of tuna waste, 
and tuna hydrolysates, especially physiologically active substances can be widely applied. In this study, tuna 
wastewater was degraded by mixed microorganisms possessing potential proteinases. First, batch operation (with 
working volume of 2 L) was performed in 3 L reactor at 45oC and 150 rpm for 24 h. The DPPH antioxidant 
activity in final culture supernatant was measure 70.67%. Following the batch operation, 125-h fed-batch 
operation (with final volume of 2.4 L) was conducted using pulse feed strategy (600 mL in early-log phase, 800 
mL in mid-log phase & 550 mL in late-log phase) with microscopic observation for cell activity. During the fed-
batch operation, pH slowly decreased after each pulse feeding due to the progress of biodegradation. The 
maximum DPPH antioxidant activity (76.30%) was obtained at 73 h. The COD reduction rate calculated from 
fed-batch operation was higher by 19.0% than that from batch operation. All these results indicate that more low-
molecular-weight compounds were obtained from fed-batch operation with a higher biomass concentration; in 
other words, fed-batch operation could be more effective to produce bioactive peptides. 
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 P0820   Different Photosynthetic Regulations of Synechocystis sp. PCC 6803 in Response to High-light 
and Low-temperature Stress 
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Cyanobacteria can produce diverse natural and nonnative value-added biochemicals from CO2 and light. To fully 
utilize the potency, it is critical to understand their photosynthetic regulations under environmental conditions. 
Here, we elucidated the inhibitory mechanisms of photosynthesis under high-light (HL) and low-temperature (LT) 
stress in the model cyanobacterium Synechocystis sp. PCC 6803. Under each stress condition, the transcript 
abundance and translation efficiency were measured by RNA-seq and Ribo-seq, and the genome-wide 
transcription unit (TU) was constructed by integration of transcription start sites and transcript 3′-end positions 
obtained from TSS-seq and Term-seq, respectively. Our results suggested that the mode of photosynthesis 
inhibition differed between the two stress conditions; HL stress induced photodamage responses, while LT stress 
impaired the translation efficiency of photosynthesis genes. In particular, poor translation of PSI resulted from 
ribosome stalling at the UTR, affecting the overall photosynthetic yield under LT. Our multiomics analysis with 
TU architecture provides foundational information on photosynthesis for industrial strain development. 
** This work was supported by the C1 Gas Refinery Program (2018M3D3A1A01055733 to B.-K.C.) and the 
Basic Core Technology Development Program for the Oceans and Polar Regions (2016M1A5A1027458 to B.-
K.C. and 2016M1A5A1027455 to S.C.) through the National Research Foundation (NRF) funded by the Ministry 
of Science and ICT (MSIT). 
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Pseudomonas aeruginosa species are generally known for their ability to produce redox mediators like pyocyanin 
and phenazines in the presence of oxygen. This ability enables P. aeruginosa to interact with electrode using 
redox mediators, is critical for their electrochemical performance in bio-electrochemistry system (BES)[1]. The 
previously isolated Pseudomonas aeruginosa PBH03 has an ability to produce phenazines in aerobic/anaerobic 
conditions and electrochemical activities in a microbial fuel cell system. In this study, we tested the PBH03 to 
produce mediators in long run microbial fuel cell (MFC) reactors and the electricity generation. Additionally, 
various electron shuttles like methyl viologen, phenazine and potassium ferricyanide were examined to improve 
performance of PBH03 in microbial fuel cell. Whole genome sequencing was carried to investigate the genome 
of the isolated PBH03. We analyzed genome using previously available genome dataset using Kbase server. 
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Methanotrophs are ubiquitous and utilize reduced carbon substrates without C-C bonds, such as methane, 
methanol, methylamine, and formaldehyde, using a unique metabolic pathway during their growth process. In this 
study, a putative Methylosinus sp. isolated from a wetland in Cheollanam-do province was explored for methanol 
production. Effect of different methanol dehydrogenase (MDH) inhibitors such as CDTA, EDDA, EDTA, EGTA, 
and HEDTA on methanol production has been studied. The reaction was performed in 125 ml serum bottle with 
a working volume of 10 ml, containing phosphate buffer (10mM, pH 6.8), 30 mM sodium formate, appropriate 
cell mass and selected MDH inhibitor. Headspace was saturated with methane and pure oxygen (4:6 v/v) and 
reaction was carried out at 30℃ with 140 rpm agitation. Under this reaction condition, 13.3±0.84 mM methanol 
was produced. Cells were also immobilized using agar (2%, w/v) and assessed for methanol production using the 
same set of conditions. The stability of free cells and immobilized cells were compared for reusability. Over 50% 
of the initial methanol concentration was retained by the free cells after third batch reaction of reusability. 
Whereas, immobilized cells exhibited higher stability than free cells with a total yield of methanol over 43mM in 
seven cycles of repeated uses. 
 
Keywords : methanotroph, Methylosinus sp., methane, methanol 
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 P0823   Fabrication of Micro-supercapacitors for Zero-waste Process with Biochar Produced from 
Microalgal Sludge 
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As interest in sustainable industries increases, microalgae with advantages such as rapid growth rate, high 
CO2 fixation rate, and small land required for growth are attracting attention as valuable feedstock for biorefinery. 
However, sludge generated after the extraction process for microalgal biorefinery can cause problems in the 
environment. In this study, the zero-waste process was suggested by utilizing the sludge generated in the 
microalgal biorefinery for the fabrication of all-solid flexible micro-supercapacitors. The microalgal sludge 
derived by HCl extraction process was used for biochar production. The intrinsic presence of nitrogen and a high 
degree of the graphitic structure was confirmed at microalgal biochar (MASB). The capacitance of fabricated 
MASB-based micro-supercapacitor was 262.8 F g-1 at 0.1 A g-1 of current density with an energy density of 36.5 
Wh kg-1 at a power density of 1070.4 Wh kg-1. The capacitance was increased by improving pseudocapacitance, 
surface wettability, and electrical conductivity due to the above properties of MASB. The suggested process for 
the production of micro-supercapacitor has the potential to be applied as high-value-added energy storage devices 
with a zero-waste. 
 
Keywords : biomass, biorefinery, microalgae, microalglal sludge, biochar, micro-supercapacitor 
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 P0824   Effect of Fed-batch Biodegradation of Mackerel Wastewater on the Quality of Biofertilizer 
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For complete reutilization of mackerel wastewater in an eco-friendly and economical way, biodegradation was 
performed for producing biofertilizer. Since mackerel is composed of abundant proteins, a good quality fertilizer 
can be produced from high degree of biodegradation. In this respect, effect of a higher concentration of biomass 
obtained from fed-batch biodegradation on the quality of biofertilizer was explored. Mackerel wastewater was 
first biodegraded in a 3 L reactor using a consortium of protein-degrading bacteria at 45 oC in a batch operation, 
followed by a fed-batch operation using pulse feeding strategy. The fed-batch biodegradation yielded a higher 
viable cell number (2.65×1010 CFU/ml), compared with that (5.20×108 CFU/ml) obtained from batch biodegra-
dation. Moreover, levels of low-molecular-weight (LMW) compounds (< 2 KDa) and antioxidant included in final 
culture broth were higher by 15% and 11.6%, respectively than those obtained from batch operation. This different 
viable cell number, and levels of LMW and antioxidant in biofertilizers influenced on wheat growth in hydroponic 
culture; The biofertilizer obtained from fed-batch operation revealed a higher plant growth (in leaf, root length 
and weight of wheat) by 12.5%, compared with that obtained from batch operation. As a result, fed-batch 
biodegradation contributed to enhancement in the quality of biofertilizer. 
 
Keywords : biofertilizer, mackerel wastewater, biodegradation, fed-batch, low molecular weight compounds, 
antioxidant, viable cell number 
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 P0825   Effect of Magnetite Supplementation on Lactate Utilization for Enhancing Bio-hydrogen 
Production 
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Dark fermentation using anaerobic microbe can produce hydrogen by catabolizing glucose into acetate and 
butyrate as final metabolites. However, the theoretical yield cannot be reached experimentally, because it is 
accompanied by energy consumption required for cell growth and production of competing metabolites. 
Several Clostridium sp. can utilize the regenerated NADH through lactate oxidation. In this study, the effect of an 
increase in lactate utilization by conductive material on hydrogen productivity was investigated. 10 g/L of 
magnetite was added individually or with 1 g/L of lactate, and the hydrogen production amount and yield were 
increased compared to the negative control under both conditions. In magnetite supplementation, hydrogen 
production was 91.2 mL, which was increased by about 25.6% compared to the negative control. And the 
supplementation of lactate and magnetite increased about 58.9% compared to the negative control with 115.4 mL 
of hydrogen production. This means that magnetite supplementation can be used to increase hydrogen 
productivity. 
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 P0826   Suppression of Bacterial Soft Rot of Chinese Cabbage by Small Amount of Antibiotics and 
Microorganisms 
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The purpose of this study was to develop eco-friendly microbial agents and application technologies for the safe 
production of Chinese cabbage by control of bacterial soft rot on Chinese cabbage. Bacillus velezensis LM11 has 
agent antimicrobial activity to Pectobacterium carotovorum SCC1(Pec). The antibacterial effect against Pec of 
Bacillus velezensis LM11 was similar to that of commercially available antibiotic agrichemical (17% oxalic acid 
+ 3% streptomycin). To confirm the antibacterial activity Bacillus velezensis LM11 and antibiotic agrichemical 
were instilled on a paper disc in agar LB medium containing Pec. In addition, in order to confirm the effect on 
Chinese cabbage seedlings, seedlings of 6-leaf stage were transplanted into pots, and Bacillus velezensis LM11 
was diluted to 107cfu/ml and administered. After a week, Pec cultured in LB was diluted to 106 and sprayed on 
seedlings. After inoculation with the pathogen, it was grown at a humidity of 90% and 30°C for one week to check 
the degree of disease occurrence. At the point where soft rot started to form on the sprayed rot, 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 soft rots 
appeared. As a result of the confirmation, the disease severity of the untreated control was 91.1%, incidence of 
the microorganism-treated group and the antibiotic agrichemical group was 33.3% and 14.9%, respectively. 
Incidence the group treated with antibiotic agrichemical diluted 5 times after treatment with microorganisms, the 
rate of soft rot was at 24.4%. 
 
Keywords : Bacillus velezensis, antibiotics, bacterial soft rot, Chinese cabbage 
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 P0827   Identification of Major Pathogenic Fungi Species for the Reuse of Drainage Water in 
Horticulture Hydroponic System in Korea 

 
Jinkwan SON, Taekyung KANG, Minjung PARK 
National Institute of Agricultural Sciences, RDA, Jeonju, Korea 
Corresponding Author Email : son007005@korea.kr 
 
In South Korea, the area where hydroponic horticulture is practiced has increased approximately seven folds from 
2004 (609 ha) to 2018 (4,224 ha), adding Korea to the area-wise list of top 10 countries in the world. Newly 
constructed greenhouses in Korea tend to have a recycling system and a nutrient solution reprocessing facility for 
drainage reuse. However, most farms use an open hydroponic system and approximately 5% of the farms use a 
closed hydroponic system. Thus, the concentration and amount of discharged drainage and economic problems 
associated with the sterilization and purification processes suggest an urgent need for a technology for agricultural 
recycling. Therefore, this study identified, quantified, and evaluated the harmful fungal species contained in the 
drainage from the hydroponic horticulture facility complexes in South Korea. 
 The primary study sites were greenhouses cultivating paprika, tomatoes, and strawberries, the most frequently 
grown crops in the hydroponic greenhouses in South Korea. This study selected 12 sites for each crop (a total of 
36 sites) and sampled drainage from each site. The study crops were tomatoes, paprika, and strawberries, which 
are frequently grown in domestic hydroponic farms.  The pathogens detected were 57 commonly found fungi. To 
detect the major fungal species, DNA multiscan analysis was performed (Eurofins agro; Eurofins Scientific, agro, 
LLC, the Netherlands) using the following steps. 
 In the 36 hydroponic greenhouses investigated in this study, 24 fungal species from four phyla, six classes, eight 
orders, 10 families, and 10 genera were detected; the sum of the detected concentrations was 399. At one study 
site, 3.33 ± 2.40 species were detected and the concentration was approximately 11.08 ± 8.35. According to the 
crop type, 15 species from three phyla, four classes, six orders, seven families, and seven genera were detected in 
paprika with 105 concentrations; 13 species from four phyla, five classes, five orders, seven families, and seven 
genera were detected in tomato with 91 concentrations; and 16 species from three phyla, five classes, seven orders, 
eight families, and eight genera were detected in strawberry with 203 concentrations. Clearly, the number of 
species and concentration were the highest in case of strawberries. At another study site, the number and 
concentration were 2.83 ± 2.66 and 8.80 ± 9.00  in case of paprika, 2.50 ± 2.32 and 7.58 ± 7.13 tomato, and 4.67 
± 1.72 and 16.92 ± 5.78 strawberry. 
 The species composition and the sum of concentrations of fungus of vinyl greenhouses were higher than those of 
glass greenhouses. It can be inferred that glass greenhouses, which represent smart-farming and facility 
modernization, have better pathogen management. However, the drainage types did not exhibit a significant 
difference in any of the factors studied. Future studies are warranted to identify the cause of the concentration 
between fungi found in the drainage. This study on drainage recycling will facilitate sustainable horticulture by 
providing insights into the recycling of resources and reduction of water pollutants. 
** Acknowledge : This study was supported by the 2021 RDA Fellowship Program(Project number PJ01676 
1032022) of National Institute of Agricultural Sciences, Rural Development Administration, Republic of Korea. 
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Chestnut shells (CSs) are attractive resources for sugar recovery due to their high glucan content (GC). To 
maximize the biomass-to-glucose conversion (BtG) of CSs, it is necessary to improve the GC and enzymatic 
digestibility (ED) without severe decrease of solid recovery (SR). In this study, the KOH (3%, w/w) pretreatment 
factors (reaction time, temperature, and biomass loading) were optimized by response surface methodology. The 
predictive model was derived by BtG as a response. As a result, it was confirmed that the reaction time (p-value 
< 0.001) and temperature (p-value < 0.001) had a significant factor for the response. Numerical optimization was 
performed based on the model to achieve maximum BtG. The optimal conditions were determined as follows: 
38.6 °C temperature, 2.5 h time, and 92.7 g/L biomass loading. Under the optimal conditions, the BtG was 15.7% 
(GC: 69.1%, ED: 39.7%, and SR: 51.9%), which was similar to the predicted BtG (15.4%). 
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 P0829   Development of Remote Sensing Devices and Signal Processing Algorithms to Monitor Tree 
Health 
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To monitor the health of trees, battery-powered remote sensing devices that can measure the electrical resistance 
of tree trunks were developed. The devices were installed on pine (Pinus densiflora) and mono maple 
(Acer pictum). Sensing was performed every 30 minutes, and the sensing signal was transmitted through LoRa 
(Long Range). The collected sensing signals were processed to extract the filtered center curve, deviation, and 
absolute deviation values. Multiple endpoints including maximum deviation and mean absolute deviation were 
computed from the extracted sensing data. The computed endpoints were compared under different test conditions, 
such as sensor electrode locations on trees and climate temperature, to infer the health of the trees. This technology 
is expected to be useful for monitoring tree health and diagnosing tree diseases. 
 
Keywords : remote sensing, tree health, resistance, signal processing 
 
Reference 
1. Tadaomi Saito, Hiroshi Yasuda, Miyu Sakurai, Kumud Acharya, Sachiko Sueki, Koji Inosako, Kiyotsugu 

Yoda, Haruyuki Fujimaki, Mohamed A.M. Abd Elbasit, Ahmed M. Eldoma, and Hiroshi Nawata. Monitoring 
of Stem Water Content of Native and Invasive Trees in Arid Environments Using GS3 Soil Moisture Sensors. 
Vadose Zone Journal. (2016).  

 
 
  

Advanced Biotechnology for Human Society2022 한국생물공학회 춘계학술발표대회 및 국제심포지엄
2022 KSBB Spring Meeting and International Symposium

476



 P0830   Torrefaction and Characterization of Various Biomass Feedstocks under Different Reaction 
Temperatures 

 
Seongrae LIM1, Heesun YOON1, Gahee KIM2, Byunghwan UM1,2 
1School of Food Biotechnology and Chemical Engineering, Hankyong National University, Anseong, Korea, 
2Interagency Convergence Energy on New Biomass Industry, Hankyong National University, Anseong, Korea 
Corresponding Author Email : bhum11@hknu.ac.kr 
 
Biomass, a type of energy source, have different physical and chemical properties by its type. Thus, biofuel 
produced with different type of biomass show different property even it was produced under identical process. In 
this work, four feedstocks (kenaf, corn kernel, rice husk, and wood chip) were torrefied under different 
temperatures (220 °C, 260 °C, and 300 °C). Elemental analysis, proximate analysis, and chemical composition 
analysis were performed to investigate the difference of torrefied samples by its type and reaction temperature. 
Fuel characteristics of kenaf, corn kernel, rice husk, and wood chip notably increased at 300 °C, with distinctive 
differences by each feedstock. 
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 P0831   Evaluation of Performance and Electrochemical Properties of Microbial Fuel Cells According to 
Anode Current Collectors 
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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. 
 
Keywords : microbial fuel cell, stainless steel mesh, titanium wire 
 
 
  

Advanced Biotechnology for Human Society2022 한국생물공학회 춘계학술발표대회 및 국제심포지엄
2022 KSBB Spring Meeting and International Symposium

478



 P0832   Analysis of the Effect of Medium pH Change on the Impedance Characteristics and Polarization 
Behavior of Microbial Fuel Cells 
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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 exoelectro-
genesis, 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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Current Collector 
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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. 
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 P0834   Effect of Microbial Community Structure of Microbial Fuel Cell According to External 
Resistance 
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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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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. 
 
Keywords : microbial fuel cell, stable cell performance time, anode maturation time 
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 P0836   Performance and Electrochemical Evaluation of Microbial Reverse Electrodialysis Cell (MRC) 
According to Various Flow Rates 
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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. 
  
Keywords : microbial reverse electrodialysis cell, reverse electrodialysis stack, RED flowrate, electrochemistry, 
electrochemical impedance spectroscopy 
 
 
  

Advanced Biotechnology for Human Society2022 한국생물공학회 춘계학술발표대회 및 국제심포지엄
2022 KSBB Spring Meeting and International Symposium

483



 P0837   Microbial Fuel Cell Performance Evaluation According to the Physicochemical Treatment of the 
Activated Carbon of the Cathode 
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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. 
  
Keywords : microbial fuel cell, physicochemical treatment, activated-carbon catalyst, air-cathode 
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 P0838   Evaluation of Performance and Cathode Bacterial Community Composition of Sediment Fuel 
Cells Using Varying Anode Materials and Carbon Sources 
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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. 
  
Keywords : sediment fuel cells, bacterial community, anode material, carbon source 
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 P0839   Comparative Analysis of the Effect of Various Electron Donors on Anode Bacterial Community 
and Microbial Fuel Cell Performance 
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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. 
  
Keywords : microbial fuel cell, chemical oxygen demand, clone library, bacteroidetes 
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 P0840   Research Trends and Challenges in Direct Identification of Microorganisms and Biological 
Warfare Agents by Using MALDI-TOF Mass Spectrometry 
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A matrix-assisted laser desorption time of flight mass spectrometry (MALDI-TOF MS) based identification of 
microorganisms including biological warfare agents has significantly lower operational costs, which are the 
minimum requirements for substrates and reagents for extraction. Therefore, MALDI-TOF MS was used in 
various applications such as clinical, food, military, and ecology research fields. However, this method has many 
challenges including that the MALDI-TOF MS identification is dependent on the reference spectrum. This 
presentation briefly introdues the background and applications of MALDI-TOF MS technology, and discusses the 
current limitations and challenges of it. 
 
Keywords : microbial Identification, MALDI-TOF MS, limitations, research trends, applications 
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 P0841   Ecological Niche and Electron Transfer Mechanism of Shewanella oneidensis MR-1 in Microbial 
Fuel Cell Formed Electrochemically Active Biofilm 

 
Serah CHOI1, Bongkyu KIM2, In Seop CHANG1 
1School of Earth Sciences and Environmental Engineering, Gwangju Institute of Science and Technology (GIST), 
Gwangju, Korea, 2Division of Biotechnology, College of Environmental and Bioresource Sciences, Jeonbuk 
National University, Iksan, Korea 
Corresponding Author Email : ischang@gist.ac.kr 
 
A microbial fuel cell (MFC) is a system that converts chemical energy into electrical energy by utilizing 
electrochemically active bacteria as biocatalysts. In MFC, the anode takes the role of terminal electron acceptor 
during oxidation of organic matters as fuel. Electrochemically active bacterial species develop biofilm on the 
surface of the anode to meet the needs of a terminal electron acceptor and transfer the electrons to the electrode 
through an extracellular electron transfer system. In biofilms, the ecological niche of exoelectrogen is related to 
the distance between the microbe and the electrode. Thus, both the macro-scale biofilm formation state and the 
nano-scale microbial EET system are key factors in the development of MFC. In this study, it is suggested that 
the electron transfer system between the electrode and the cell will show different trends depending on the distance 
from the electrode of the microorganism in the biofilm; by using Shewanella oneidensis MR-1 as a model 
organism. 
 
Keywords : microbial fuel cell, biofilm, electron transfer system 
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 P0901   Development of CRISPR-based Genome Engineering for Corynebacterium glutamicum 
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Corynebacterium glutamicum is an important industrial bacterial host for amino acids production. A new genome 
engineering tool is needed to accelerate and facilitate the development of industrially capable strains. Here, we 
reported a CRISPR/Cas9-coupled recombineering system as a strategy to delete one or more genes in C. 
glutamicum. First, the recombinase, encoded by RecT, was used to introduce the synthetic single-stranded 
oligodeoxyribonucleotides to target the desired genomic region. Then, the CRISPR/Cas9 complex is used to 
counter-select the negative mutants. Finally, the efficient curing system was designed to perform multiple gene 
engineering and to obtain plasmid-free strains. By employing this system, metabolically engineered C. 
glutamicum strain was developed for γ-aminobutyric acid overproduction.  
** 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 of Korea [NRF-2012M1A2A2026556 and NRF-2012M1A2A2026557. 
 
Keywords : metabolic engineering, Corynebacterium glutamicum, CRISPR, recombineering, genetic toolbox 
 
 
  

Advanced Biotechnology for Human Society2022 한국생물공학회 춘계학술발표대회 및 국제심포지엄
2022 KSBB Spring Meeting and International Symposium

490



 P0902   Production of 4-amino-1-butanol by Metabolically Engineered Corynebacterium glutamicum 
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4-Amino-1-butanol (4AB) is used as an intermediate compound for drugs and a precursor of biodegradable 
polymers used for gene delivery. The production of 4AB relies on chemical synthesis from petroleum 
resources.  To date, 4AB production from renewable resources has not been reported. Here, we reported for the 
first time the production of 4AB from glucose by metabolically engineered Corynebacterium glutamicum. A 
newly designed pathway comprising a putrescine aminotransferase (encoded by ygjG) and an aldehyde 
dehydrogenase (encoded by yqhD) from Escherichia coli was employed for the 4AB production. The 
heterologous genes were introduced to a putrescine producing C. glutamicum strain developed in this study to 
produce 4AB. Further metabolic engineering strategies including fine-tuning the ygjG and yqhD expression 
levels, eliminating competing pathways, and optimizing culture conditions were applied. The resulting final strain 
reached 24.7 g/L of 4AB in fed-batch culture.  
** 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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 P0903   Development of a Novel Methanotrophic Platform for Plant Growth Promotion 
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Bioconversion of methane to valuable chemicals has become a promising approach for industrial biomanufac-
turing. In this study, we metabolically engineered Methylotuvimicrobium alcaliphilum 20Z to overproduce L-
tryptophan and its derivative indole 3-acetic acid (IAA) from methane. The engineered RS00 strain expressing 
Escherichia coli-feedback resistant genes produced 39.6 mg/L of tryptophan from methane. Additional expression 
of IAA-biosynthesis genes under Ptac promoter led to the highest titer of IAA of 10.5 mg/L. Furthermore, 
supplement of xylose as an additional carbon source could enhance the titers of tryptophan and IAA by 1.6- and 
1.8-fold, respectively. Herein, we proposed a proof-of-concept for the development of methanotroph-based plant 
growth-promoting bacteria which can utilize and convert methane into phytohormones to induce beneficial 
adaptation and growth promotion of plants. Accordingly, under saline-alkaline conditions, the germination 
percentage and elongation of the shoots and roots of wheat seeds treated with the IAA-producing strain were 
significantly improved. In summary, the novel concepts presented in this study could be extensively applied to 
other methanotrophic hosts to develop biofertilizers that promote plant growth and reduce atmospheric methane 
and chemical fertilizer use for sustainable agriculture production. 
 
Keywords : methane, xylose, indole-3-acetic acid, methanotrophic bacteria, sustainable agriculture 
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 P0904   In vivo Engineering of Soluble Methane Monooxygenase Using CRISPR-Guided Base Editing 
and Biosensor-Based Screening 
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Soluble methane monooxygenase (sMMO) is the enzyme that catalyzes direct oxidation of methane to methanol, 
the gateway reaction of carbon assimilation in methanotrophic bacteria. Improvement of sMMO catalytic activity 
can enhance slow growth rates and make entire metabolism more efficient, thus making biotechnological 
application of methanotrophs more feasible. However, lack of available tools for genetic diversification in 
methanotrophs significantly limited enzyme engineering. In this study, we developed a novel strategy of rapid 
sMMO engineering using CRISPR-guided DNA base editor as in vivo diversification tool and transcriptional 
factor (TF)-based biosensor for enzyme activity screening. Our lab recently constructed the CRISPR-guided DNA 
base editor for Methylococcus capsulatus Bath and demonstrated its high efficiency of genome editing with >40%. 
For focused sMMO evolution, single guide RNAs (sgRNAs) targeting 428 different positions in sMMO operon 
were designed, cloned and introduced into M. capsulatus Bath via triparental mating. To improve the throughput 
of screening, TF-based microbial sensor was employed to measure sMMO activity instead of using gas 
chromatography. We selectively isolated the 8 putative mutants which exhibit up to 2-fold increased fluorescent 
signals or significantly diminished activity. We envision that the platform developed here can be applied for in 
vivo engineering of various enzymes in methanotrophs, which facilitating biotechnological applications of 
methanotrophic bacteria. 
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 P0905   Establishment of an Engineered Methylorubrum extorquens AM1 Strain for Enhanced Violacein 
Production from Co-utilization of Methanol and Acetate 
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Violacein, a blue-violet-colored pigment is of particular commercial interest due to its wide range of bioactivities. 
However, multiple factors including cost-effectiveness have hindered the commercialization of violacein. To 
address this issue, we engineered a facultative methylotroph, Methylorubrum extorquens AM1 which can utilize 
the inexpensive substrate methanol, to investigate violacein production. By optimizing expression vectors as well 
as inducible concentrations, 11.7 mg/L violacein production was first demonstrated using methanol as the sole 
substrate. Then, random mutagenesis and site-directed mutagenesis were used to overcome unidentified bottle-
necks for violacein production in the shikimate pathway of M. extorquens AM1 as it would be difficult to resolve 
using conventional metabolic engineering approaches. A 2-fold improvement in violacein production was 
achieved. Finally, by co-utilization of methanol and acetate, a remarkable enhancement of violacein production 
to 118 mg/L was achieved. Our study develop a platform strain for violacein synthesis from non-sugar feedstocks, 
which may aid in the creation of a cost-effective large-scale violacein fermentation system. 
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 P0906   Comparative Analysis of Free Amino Acids in Human Milk in Four Asian Countries 
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Free amino acids (FAAs) in human milk (HM) are one of the pivotal regulators of key pathways necessary for 
infant growth, development, and immunity. Besides, the amino acid profile is a key aspect of HM protein quality. 
In this study, we investigated the levels of FAAs in HM from four Asian countries including Korea (n = 105), 
China (n = 103), Vietnam (n = 95), and Pakistan (n = 97) using UPLC-QQQ in MRM mode. Associations of 
amino acid levels in HM with maternal characteristics and lactation period were also determined by Pearson’s 
correlation. Essential (EAAs) and non-essential FAAs (NEAAs) in HM sampled at < 30 days (n = 111), 30 – 90 
days (n = 140), and > 90 days (n = 149) of lactation were compared among the four Asian countries. Glutamic 
acid and alanine were the most abundant FAAs in the Korean and Chinese milk samples, while the dominant 
FAAs in the Vietnamese and Pakistani samples were found to be glutamic acid, leucine, proline, and valine. 
Glutamic acid in HM of all countries was positively correlated with maternal body mass index (BMI) and age, 
while maternal BMI and age were negatively correlated with leucine, proline, and valine during the lactation 
period. Additionally, insignificant changes were observed for EAAs and NEAAs in HM samples from Korea, 
China, and Pakistan during the lactation stage; meanwhile, EAAs in the Vietnam samples declined in the first 
three months of lactation and then remained relatively unchanged. The results represent a useful evaluation of the 
amino acid composition in HM, which is valuable as a reference of protein quality for breast milk substitutes. 
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 P0907   One-pot Synthesis of Adipic Acid from ε-caprolactone in Escherichia coli 
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Adipic acid is a highly important industrial chemical, as precursor of the polymer nylon 6-6 fibers. Currently, 
commercial adipic acid production process is highly energy-intensive and is associated with a number of 
environmental concern including heavy pollution, toxic catalyst and harsh reaction condition. Therefore, the 
development of environmentally friendly, safe and neutral routes to adipic acid is important. Herein we report the 
one-pot synthesis of adipic acid from ε-caprolactone, a monomer used in the production of highly specialised 
polymers such as polycaprolactone and polyglecaprone, using genetically engineered whole-cell biocatalysts 
of Escherichia coli. Biocatalysis provides advantages such as high selectivity, catalytic efficiency and activity. 
Besides, they require no additional additives or reagents, and produce no byproducts. Bioconversion of ε-
caprolactone into adipic acid in E. coli is achieved in adipic acid production of up to 4.1 g/L after 144 hr in the 
shake flask cultures. This work demonstrates biosynthesis of adipic acid via biocatalytic process, which offers a 
better way to current industrial process for manufacturing of adipic acid. 
 
Keywords : metabolic engineering, adipic acid, genetically engineered E. coli, value-added biochemicals 
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 P0908   Deep Learning Approach for Essential Gene Prediction with DNA Sequence 
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Here, we developed a deep learning model that predicts essential genes with their DNA sequence. The sequence 
data were classified into essential genes and non-essential genes of 46 strains in the NCBI database. A ConvLSTM 
model combining CNN and LSTM was trained with the one-hot encoded DNA sequence data. We modified the 
ConvLSTM model by adding a layer extracting amino acid properties from the DNA sequence. The modified 
model show improved MCC and AUC scores in comparison with the conventional ConvLSTM model. Even AUC 
score recorded higher than 0.9 with E. coli dataset. This study is meaningful in developing a deep learning model 
that can predict essential genes using only DNA sequence information. We anticipate that our approach will 
contribute to investigating the biological functions of the essential genes efficiently in experiment based on our 
deep learning approach. 
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Biochemicals 

 
So-Hee SON1,2, Soo Young MOON1,2, Seung Soo OH2, Ju Young LEE1 
1Center for Bio-based Chemistry, Korea Research Institute of Chemical Technology (KRICT), Ulsan, Korea, 
2School of Interdisciplinary Bioscience and Bioengineering, Pohang University of Science and Technology, 
Pohang, Korea 
Corresponding Author Email : juylee@krict.re.kr 
 
The endoplasmic reticulum (ER) is a dynamic organelle that synthesizes and folds proteins. An imbalance between 
the ER protein synthesis load and its folding capacity triggers the unfolded protein response, thereby restoring 
normal ER functions via size adjustment. Inspired by such inherent genetic programming events, we engineered 
Saccharomyces cerevisiae to expand the ER by overexpressing a key ER size regulatory factor, INO2. ER space 
expansion enhanced ER protein synthesis and folding capacity, and relieved metabolic constraints imposed by the 
limited enzyme abundance. Harnessing the yeast ER for metabolic engineering, we ultimately increased the 
production of squalene and cytochrome P450-mediated protopanaxadiol by 71-fold and 8-fold, compared to their 
respective control strains without overexpression of INO2. Furthermore, genome-wide transcriptome analysis of 
the ER-expanded strain revealed that the significant improvement in terpene production was associated with 
global rewiring of the metabolic network. Therefore, the yeast ER can be engineered as a specialized compartment 
for enhancing terpene production, representing new possibilities for the high-level production of other value-
added chemicals. 
 
Keywords : metabolic engineering, terpene, organelle engineering 
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 P0910   Enhancing the Acetol Production in Methanotrophic Biocatalyst Methylomonas sp. DH-1 by 
Heteroexpressing the Novel Protein PmoD from Methylacidiphilum sp. IT6 with Endogenous Particulate 
Methane Monooxygenase 
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The role of PmoD in the functions of acetone monooxygenase of Methylacidiphilum sp. IT6 was questioned. 
Methylomonas sp. DH-1 without the endogenous pmoD was studied for the bioconversion of methane and 
propane to methanol and acetone. Moreover, the PmoD-expressed DH-1 can be deployed for acetol production, a 
well-known industrial intermediate. In this study, bioinformatics analyses showed that the PmoD is a 
transmembrane-helix protein with the proposed function as a transport protein. Moreover, the whole-cell 
biocatalyst was constructed in Methylomonas sp. DH-1 by co-expression the PmoD with the endogenous pMMO 
to enable acetone oxidation. Under optimal conditions, the maximum accumulation, and specific productivity of 
acetol were 18.291 mM (1.35 g/L) and 0.317 mmol/g cell/h, respectively. The results showed the first coupling 
activity of pMMO with a heterologous protein PmoD, validated the involvement of PmoD in acetone oxidation, 
and demonstrated an unprecedented production of acetol from acetone in type I methanotrophic biocatalyst. From 
the data achieved in batch cultivation conditions, an assimilation pathway of acetone via acetol as the key 
intermediate was proposed. 
 
Keywords : acetone, acetol, biocatalyst, Methylomonas sp. DH-1, Methylacidiphilum sp. IT6 
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 P0911   Circuit-guided Synthetic Acclimation of Microbial Consortia for Improving Biochemical 
Production 
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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. 
 
Keywords : microbial consortia, synthetic acclimation, cooperation relationship, alginate, 3-hydroxypropionic 
acid, synthetic biology 
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 P0912   A Robotics-Assisted Modular Cloning for Multiple Gene Assembly in Biofoundry Platform 
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Multiple DNA assembly frameworks have proven to be crucial elements when executing the construction of 
complex biological systems through synthetic biology approaches. Modular Cloning (MoClo) is a widely used 
protocol used for integrating multiple parts from a synthetic biology workflow. However, MoClo inherently limits 
a biofoundry workflow, regarding simplicity and feasibility, due the manipulation of large and complex number 
of preparatory materials – notably, in terms of the required destination vectors. Here, we propose a robot assisted 
MoClo (RoboMoClo) to resolve this complexity. We constructed RoboMoClo vectors using novel C. glutamicum 
bioparts (promoters). Then, to demonstrate the versatility of RoboMoClo in terms of TU orientation, we showed 
reporter gene expressions in different transcriptional directions were studied using the RoboMoClo vectors. As a 
proof-of-concept, RoboMoClo was used in the design of experiment-guided lycopene biosynthesis in C. 
glutamicum (levels 1, 2, and 3), constructing various sub-pathway units (level 2) and pathway units (level 3) for C. 
glutamicum. The RoboMoClo framework provides an improved MoClo toolkit for laboratory automation in a 
synthetic biology application.   
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 P0913   Improving Violacein Production via Adaptive Laboratory Evolution with Precursor-responsive 
Biosensor 
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Violacein is a secondary metabolite produced from tryptophan so sufficient tryptophan supply is a key to violacein 
production. However, due to the intricate regulatory networks in Escherichia coli, simple overexpression of the 
tryptophan biosynthetic pathway is not the best way to yield tryptophan overproduction. In this study, we used 
the adaptive laboratory evolution(ALE) strategy to improve violacein production. A tryptophan-responsive 
biosensor was used to enrich high tryptophan-producing cells during the ALE. After six rounds of evolution, we 
transformed plasmids for violacein production into the evolved cells and screened colonies showing the darkest 
purple. Consequently, we obtained the best violacein producer, which showed a 2.7-fold higher titer compared to 
the parental strain. The evolving strain’s whole-genome sequencing revealed 12 single nucleotide polymorphism 
mutations, only five of them were missense mutations. In particular, a mutation occurred on galR encoding 
galactose repressor. This mutation may contribute to increased utilization of galactose, the sole carbon source in 
the culture medium, which may lead to increased overall violacein production. 
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 P0914   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. Further optimization of butyrate production was achieved by a round of metabolic engineering guided 
by an expanded genome-scale metabolic model of B. thetaiotaomicron. The knock-out simulation of the expanded 
model showed that pta and ldhD were the potent knock-out targets. The maximum titer and specific productivity 
of butyrate in the 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. 
** This work was supported by Korea Bio Grand Challenge (2018M3A9H3024759 to B.-K.C.) through the 
National Research Foundation of Korea (NRF) funded by the Ministry of Science and ICT, and the Korea 
Research Institute of Bioscience and Biotechnology (KRIBB) Research Initiative Program (KGM5402113).  
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 P0915   Construction of Genetic Evolver Device for Accelerated Evolution 
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Adaptive laboratory evolution (ALE) allows changes in microbial populations over a long period of time. ALE is 
often used as a metabolic engineering strategy to improve the target production by allowing the cell population to 
adapt to culture conditions. Recently, several evolution technologies have been developed that allow the 
acquisition of desired biological traits at the laboratory level, exceeding the speed of natural evolution that 
typically requires a long time. Here, we designed a genetic mutator device to accelerate mutation frequency and 
a genetic selector device to sort out cells with an improved phenotype over a large number of cells. To obtain a 
broad range of mutation rates, we generated various mutator devices showing different mutation rates. Similarly, 
for the selector device, we created several selector devices responsible for different concentration ranges of a 
target molecule. Then, we connected two genetic devices with a genetic toggle switch composed of two cross-
regulating transcription factors having two distinct transcription repression modes. Combining the mutator and 
selector devices with the genetic toggle switch, we were able to switch from the mutation state to the selection 
state concomitantly and vice versa. This genetic device will be useful to accelerate mutations and to screen cells 
having a desired biological trait, leading to the faster engineering of target cells. 
 
Keywords : laboratory evolution, metabolic engineering, synthetic gene circuit, biosensor 
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 P0916   Design of Mutualistic Microbial Consortia for Stable Conversion of Carbon Monoxide to Value-
added Chemicals 
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Carbon monoxide (CO) is a promising carbon source for producing value-added biochemical via microbial 
fermentation. However, its microbial conversion has been challenging because of difficulties in genetic 
engineering of CO-utilizing microorganisms and, more importantly, maintaining CO consumption which is 
negatively affected by the toxicity of CO and accumulated byproducts. 
To overcome these issues, we designed the mutualistic microbial consortia of Eubacterium limosum and 
genetically engineered Escherichia coli was designed for the production of 3-hydroxypropionic acid (3-HP) and 
itaconic acid (ITA). We found that the mutualistic interaction significantly stabilized and improved CO 
consumption of E. limosum compared to monoculture, which consequently allowed successful production of 3-
HP and ITA from CO. This study is the first demonstration of value-added biochemical production from CO using 
a microbial consortium, suggesting as a powerful platform for CO utilization. 
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 P0917   Development of Caprolactam-specific Riboswitch that Regulates Translation Initiation 
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Caprolactam is an industrially-relevant monomer since the polymer (nylon-6) has several desirable features to be 
used as synthetic fiber. In bacterial production of the caprolactam, valerolactam is co-produced, which hampers 
the yield and requires extensive purification steps. Therefore, biased production of caprolactam should be 
achieved in metabolic engineering. However, a highly specific caprolactam sensor to report the intracellular level 
of caprolactam has not been reported, which enables high-throughput screening of desirable metabolic properties. 
Here, we developed an artificial riboswitch that specifically responds to caprolactam. This riboswitch was 
developed using a coupled in vitro-in vivo selection strategy. The heterogeneous pool of RNA aptamers obtained 
from in vitro selection was introduced in riboswitch library in vivo selection. The caprolactam riboswitch 
successfully discriminated caprolactam from valerolactam. This riboswitch encoded in mRNA enabled 
caprolactam-dependent regulation of cell growth and became one of the valuable tools for metabolic engineering. 
 
Keywords : caprolactam, riboswitch, biosensor, metabolic engineering 
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 P0918   Introduction of Key MEP Pathway Enzymes from Vibrio sp. dhg for Lycopene Production 
Enhancement in Escherichia coli 
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Microbial fermentation is a method with high potential that can overcome major bottlenecks in conventional 
methods of lycopene production, such as low yields and poor quality. To further improve lycopene production, it 
is important to utilize metabolic enzymes with high specific activities. Two key enzymes, 1-deoxy-d-xylulose-5-
phosphate synthase (Dxs) and farnesyl diphosphate synthase (IspA), are important in lycopene production by 
using MEP pathway as a production pathway. Here, we demonstrated the superior activities of Dxs and IspA 
of Vibrio sp. dhg, a newly isolated and fast-growing engineerable microorganism. We found that Dxs and IspA 
in Vibrio sp. dhg showed 1.08-fold and 1.38-fold higher catalytic efficiencies, respectively. Thus, the heterologous 
overexpression of key enzymes increased the specific lycopene production by 1.88-fold. Our findings could be 
widely used to increase production of lycopene and other carotenoids. 
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 P0919   Biosynthesis of Amino Acids from Red Algae in Metabolically Engineered Corynebacterium 
glutamicum 

 
Minhye KIM, Jun Won OH, Byeong-Hyeon CHO, Young Jin KO, Sung Ok HAN 
Department of Biotechnology, Korea University, Seoul, Korea 
Corresponding Author Email : samhan@korea.ac.kr 
 
Marine algae have been received much attention as a new bioenergy resource because they contain diverse 
polysaccharides in their cell walls. Among them, red algae contain unique sulfated-galactans such as carrageenan. 
Carrageenan can be hydrolyzed to D-galactose and sulfate. In this study, we preferentially hydrolyzed carrageenan 
by treating carrageenase and sulfatase. Treating both enzymes showed 2.0-fold increased hydrolysis activity 
compared to single treatment and it also synthesized 2.3 mM sulfate. After confirming hydrolyzing ability, 
hydrolysates were used to synthesize amino acids in metabolically engineered Corynebacterium glutamicum. 
Because C. glutamicum has lacks of galactose transport system, the galactose transport system was newly 
introduced. Also, sulfur assimilation was reinforced by replacing the native promoter to a synthetic H36 promoter. 
Both reinforced pathways induced the enhancement of galactose utilization compared to that of control. 
Consequently, red algae were first used as a bioresource by treating carrageenase and sulfatase, from which 
valuable products were newly synthesized by reinforcing utilization system from marine biomass in C. 
glutamicum. 
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 P0920   Efficient Production of Mycosporine-like Amino Acids (MAAs), Natural Sunscreen Materials, 
in Saccharomyces cerevisiae 
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Mycosporine-like amino acids (MAAs), promising natural sunscreen materials, are microbial secondary 
metabolites with UV absorption properties. We developed Saccharomyces cerevisiae strain producing shinorine, 
an MAA with strong UV-A absorption property, by introducing four shinorine biosynthetic genes from Nostoc 
punctiforme. Xylose, which is catabolized via the pentose phosphate pathway, was used as a co-substrate to 
increase sedoheptulose 7-phosphate (S7P), a major precursor of shinorine biosynthesis. We further improved 
shinorine production by deleting TAL1 encoding transaldolase and HXK2 encoding hexokinase to increase S7P 
pool and redirect the carbon flux from glucose to the pentose phosphate pathway. We further increased shinorine 
production by additional expression of Ava3858 from Anabaena variabilis, encoding a rate-limiting enzyme. We 
also produced other MAAs expected as mycosporine-glycine and mycosporine-2-glycine by expressing a part of 
shinorine biosynthetic genes and screening of D-Ala D-Ala ligase that can incorporate glycine to mycosporine-
glycine. These results suggest that S. cerevisiae is a promising host to produce various types of natural sunscreen 
materials. 
 
Keywords : mycosporine-like amino acids, metabolic engineering, Saccharomyces cerevisiae, sunscreen 
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 P0921   Re-classification of Streptomyces venezuelae Strains and Mining Secondary Metabolite 
Biosynthetic Gene Clusters 
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Streptomycetes have attracted considerable interest as a reservoir of bioactive secondary metabolites. Here, we 
reassess ten Streptomyces venezuelae strains by presenting the highly resolved classification, using 16S rRNA 
sequencing, MALDI-TOF MS protein profiling, and whole-genome sequencing. The results revealed that seven 
of the ten strains were misclassified as S. venezuelae species. Secondary metabolite biosynthetic gene cluster 
(smBGC) mining and targeted LC-MS/MS based metabolite screening of the strains identified in total 59 
secondary metabolites production. In addition, a comparison of pyrrolamide-type antibiotic BGCs of four 
misclassified strains, followed by functional genomics, revealed that athv28 is critical in the synthesis of the 
anthelvencin precursor, ADPC. Our findings illustrate the importance of the accurate classification and better 
utilization of misclassified Streptomyces strains to discover smBGCs and their secondary metabolites.  
** Supported by the Bio & Medical Technology Development Program (2018M3A9F3079664 to B.-K.C. and 
NRF2021M3A9I5023245 to B.-K.C.) through the National Research Foundation of Korea, and the Novo Nordisk 
Foundation (NNF10CC1016517).  
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 P0922   Novel Shuttling Crosstalk Between Nonribosomal Peptide Synthetases in the WS9326A 
Biosynthesis 
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Spurred by global efforts to map all of the genes, nonribosomal peptide synthase (NRPS) biosynthetic gene 
clusters that deviate from the canonical modular architecture are continually being discovered. To understand 
chemistry of noncanonical NRPS complexes, a NRPS gene cluster in Streptomyces sp. SNM55 was investigated 
using targeted gene deletions and translocation of the domains. Analysis of strains containing mutations unveiled 
several previously undescribed nonlinear NRPS assembly processes during the biosynthesis of the cyclo-
depsipeptide WS9326A. The WS9326 assembly line involves two type II TEs (TEIIs) capable of shuttling two 
different amino acid building blocks from two stand-alone modules with domain arrangement of adenylation (A)-
thiolation (T) to the ‘A-less’ condensation (C)-T didomain module, which operates iteratively to catalyze two 
cycles of chain elongation. This biosynthetic pathway includes the first example of NRPS module skipping, where 
the interpolated C and T domains are required for chain transfer. The unprecedented features of the nonlinear 
WS9326 NRPS add potential new tools to explore nature’s ingenuity for producing this important class of 
natural products. 
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 P0923   Improved Succinic Acid Production by Membrane Engineering via trans-unsaturated Fatty 
Acids Production in Mannheimia succiniciproducens 
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For high titer, yield, and productivity of desired bio-products, the engineering of microorganisms is often limited 
by product toxicity. This is also true for succinic acid (SA), which is a four carbon dicarboxylic acid of industrial 
importance. Acidic products often cause product toxicity to cells through several different factors, membrane 
damage being one of the primary factors. In this study, cis-trans isomerase from Pseudomonas aeruginosa was 
expressed in Mannheimia succiniciproducens to produce trans-unsaturated fatty acid (TUFA) and to strengthen 
the cell membrane of M. succiniciproducens. The engineered strain showed significant decrease in membrane 
fluidity as production of TUFA enabled tight packing of fatty acids, which made cells to possess more rigid cell 
membrane. As a result, the membrane-engineered M. succiniciproducens strain showed higher tolerance toward 
SA and increased production of SA compared with the control strain. The membrane engineering approach 
employed in this study will be useful for increasing tolerance to, and consequently enhancing production of acid 
products.  
** This work was supported by the C1 Gas Refinery Program through the National Research Foundation of Korea 
(NRF) funded by the Ministry of Science, ICT & Future Planning (NRF-2016M3D3A1A01913250).  
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Succinic acid (SA), a dicarboxylic acid of industrial importance, can be efficiently produced by metabolically 
engineered Mannheimia succiniciproducens. Malate dehydrogenase (MDH) is one of the important enzymes for 
SA production, but has not been well characterized. Here we report biochemical and structural analyses of various 
MDHs and development of hyper-SA producing M. succiniciproducens by introducing the best MDH. 
Corynebacterium glutamicum MDH (CgMDH) shows the highest specific activity and least substrate inhibition, 
while M. succiniciproducens MDH (MsMDH) shows low specific activity at physiological pH and strong 
uncompetitive inhibition toward oxaloacetate (ki of 67.4 and 588.9 μM for MsMDH and CgMDH, respectively). 
Structural comparison of the two MDHs reveals a key residue influencing the specific activity and susceptibility 
to substrate inhibition. A high-inoculum fed-batch fermentation of the final strain expressing cgmdh produces 
134.25 g·L-1 of SA with the maximum productivity of 21.3 g·L-1·h-1, demonstrating the importance of enzyme 
optimization in 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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Bio-based production of many chemicals is not yet possible due to the unknown biosynthetic pathways. We 
present a retrobiosynthesis strategy designing biosynthetic routes to several short-chain primary amines (SCPAs) 
used in a wide range of chemical industries. Using direct precursors of 15 target SCPAs determined by the above 
strategy, S. viridifaciens vlmD encoding valine decarboxylase is examined as a promiscuous enzyme both in vitro 
and in vivo for generating SCPAs. E. coli expressing the heterologous vlmD produces 10 SCPAs by feeding their 
direct precursors. Furthermore, we demonstrate that additional metabolic engineering of E. coli strains allows the 
enhanced production of representative SCPAs from glucose, including 10.67 gL-1 of isobutylamine by fed-batch 
culture. This study shows how to use a systematic design method for biosynthetic pathways to produce a group 
of related chemicals.  
** This work was supported by the Technology Development Program to Solve Climate Changes on Systems 
Metabolic Engineering for Biorefineries from the Ministry of Science and ICT through the National Research 
Foundation (NRF) of Korea (NRF2012M1A2A2026556 and NRF-2012M1A2A2026557). 
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The prediction of enzyme commission (EC) numbers is essential for an accurate understanding of enzyme 
functions, which have many implications in industrial biotechnology. EC number prediction tools have been 
developed due to their importance, however, their prediction performance needs to be further improved to 
precisely and efficiently process an ever-increasing volume of protein sequence data. Here, we report DeepEC, a 
deep learning-based computational framework that predicts EC numbers for given protein sequences in a high-
throughput manner. If EC numbers cannot be classified by the   3 convolutional neural networks (CNNs), 
homology analysis was performed. Comparative analyses against 5 representatives EC number prediction tools 
show that DeepEC allows the most precise prediction of EC numbers, and is the fastest and the lightest in terms 
of the disk space required. DeepEC is the most sensitive in detecting the effects of mutated domains/binding site 
residues of protein sequences.  
** 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. This work was also supported 
by the Bio & Medical Technology Development Program of the National Research Foundation of Korea funded 
by the Korean government, the Ministry of Science and ICT (NRF-2018M3A9H3020459). 
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A transcription factor (TF) is a sequence-specific DNA-binding protein that plays a major role in transcription 
initiation. Since TFs were generally predicted through homology analysis with the DNA-binding domains, 
difficulties remain about TFs predictions with do not have homologies. In this study, we report DeepTFactor, a 
deep learning-based tool for the prediction of TFs, employing a convolutional neural network that has three 
subnetworks in parallel. It was successful in predicting TFs of both eukaryotic and prokaryotic origins predicted 
332 candidate TFs of E. coli K-12 MG1655, and three of them were experimentally validated. Moreover, we 
provided DeepTFactor as a stand-alone program and the results of the analysis that predicted 4,674,808 TFs from 
73,873,012 protein sequences in 48,346 genomes. DeepTFactor can be used as a valuable tool for understanding 
the regulatory systems of organisms.  
** 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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Engineered Corynebacterium glutamicum 
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Heme is used as an iron supplement in feed, food industries and pharmaceutical fields as well as a meat flavor in 
artificial meat. Here, we developed engineered Corynebacterium glutamicum strains producing heme at high level 
by exchanging its inherent promoters involved in the heme metabolic pathway into strong promoters. 
Interestingly, some of the heme metabolism-related genes have been confirmed to be close together in C. 
glutamicum. Hence, a genetic engineering tool based on SacB-assisted CRISPR-Cpf1 was constructed for high-
efficiency homologous recombination of promoter region. Using this tool, several putative promoter regions were 
changed into strong promoters. The production of heme in the engineered C. glutamicum in which the native 
promoter of operon 1 was exchanged into the strong promoter increased by 4.3-fold compared to wild type strain. 
Second, the vectors overexpressing heme biosynthesis genes were transformed for complementing the production 
of heme. As a result, heme production in this engineered C. glutamicum increased by 2.49-fold compared to the 
control strain. Therefore, these results indicate that the replacement of the promoter which regulates the previous 
gene may have affected not only the corresponding gene but also the latter gene. 
 
Keywords : heme, promoter exchange, Corynebacterium glutamicum, CRISPR-based recombineering, metabolic 
engineering 
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As of March 2022, about 500 million people have been confirmed COVID-19 pandemic caused by severe acute 
respiratory syndrome Coronavirus 2 (SARS-CoV-2). To diagnose COVID-19, a real-time reverse transcription 
polymerase chain reaction (real-time RT-PCR) test is officially used. However, the RT-PCR test cannot handle 
exponentially increasing infection cases because of limited resources and personnel. As an alternative, a rapid 
antigen self-test is recommended to diagnose COVID-19. However, because the sensitivity of the rapid antigen 
self-test kit is low, which can cause false negatives, other diagnostics that are sensitive as RT-PCR and easy to 
handle by non-experts as rapid antigen self-test are required. Here, we combined RNA switch and loop-mediated 
isothermal amplification to overcome the limitations of the previous diagnostics.  
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Microbial biosynthesis of hydrophobic chemicals requires host engineering to enhance the production by 
transporting the compounds across the cell membrane or increasing the capacity of the intracellular storage, in 
addition to pathway engineering. Herein, we engineered Corynebacterium glutamicum to produce a hydrophobic 
squalene as a model product. Protein engineering of the key enzymes were resulted in a 4.6-fold improvement of 
squalene production. We notably identified that squalene was secreted in the defined culture medium without any 
treatments during the batch fermentation. To increase the total squalene production, a lactate-bypass was designed 
to increase the pyruvate level that can be reloaded from lactate utilization, by inactivating the pyruvate 
carboxylase. Fed-batch fermentation resulted in 1406 ± 16 mg/L of tSQ production (32% of tSQ in the medium). 
In addition, a biocompatible dodecane overlay were used to mitigation of intracellular squalene to the 
cell/dodecane-mixed layer, which occupied 87.7 % of tSQ in 10% of the culture volume. For its cosmetic 
applications, bio-squalene/dodecane nanoemulsions were formulated and analyzed. In this study, an uncovering 
of the secretion and pathway engineering of lactate-bypass will help for the further engineering of microbial cells 
for other hydrophobic isoprenoids production and its application. 
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Acetogenic bacteria demonstrate industrial potential for utilizing carbon dioxide (CO2) for biochemical production 
using the Wood-Ljungdahl pathway. However, the metabolic engineering of acetogens has been hampered by the 
limited availability of genetic bioparts for gene expression. Here, we integrated RNA sequencing, ribosome 
profiling, differential RNA sequencing, and RNA 3′-end sequencing results of Eubacterium limosum to establish 
genetic bioparts, such as promoters, 5′ untranslated regions, and transcript terminators, to regulate transcriptional 
and translational expression of genes composing of biosynthetic pathways. In addition, a transformation method 
was developed to efficiently deliver the obtained genetic bioparts into cells, resulting in a transformation 
efficiency of 2.5 × 105 CFU/µg DNA. Using this method, the genetic bioparts were efficiently introduced, and the 
measured strengths were applied to optimize the heterologous expression of acetolactate synthase and acetolactate 
decarboxylase for non-native biochemical acetoin production. To our knowledge, this is the first report on 
integrating multi-omics data for biopart development in acetogens, which lays a foundation for the efficient 
production of biochemicals from CO2 or syngas under autotrophic growth conditions. 
** 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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Microbial fermentation of 5-aminolevulinic acid (ALA) has received much attention because of its potential in 
clinical applications. Overexpression of the related enzymes and an analogue transporter yielded remarkable 
achievements in ALA production, accompanying with deciphering its regulation. In spite of this, there is still 
significant room for carbon flux optimization to improve ALA production. This study aimed for precise carbon 
flux optimization for high ALA production in Escherichia coli expressing the ALA biosynthetic pathway. 
Initially. genes hemA and hemL were overexpressed with strong promoters and synthetic 5'-untranslated regions 
(5'-UTR). Then, the tricarboxylic acid (TCA) cycle was knocked-out for re-distribution of carbon flux toward the 
ALA production, additional precise tuning of carbon flux to the glyoxylate shunt by varying the transcriptional 
strength of aceA led to substantially improved cell growth and ALA production. Thus, this precise tuning of the 
glyoxylate cycle in a quantitative manner should also enable efficient production of other valuable products 
derived from the TCA cycle. 
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Deep-learning technology, which is excellent in generating and predicting data, has been used in various research 
fields. This technology is also used in synthetic biology as generating biological parts or predicting their activities. 
In this study, we used deep-learning technology to generate synthetic promoters of cyanobacteria and predict their 
strength. We obtained 10,000 synthetic promoter sequences of Synechocystis sp. PCC6803 using variational 
autoencoder (VAE), one of the frequently-used deep-generative models. The strengths of synthetic promoters 
were predicted using a convolutional neural network (CNN) and evaluated using a cell-free transcription (CF-TX) 
method. 
We confirmed that the synthetic promoter sequences generated using VAE contain features of the native 
cyanobacteria promoter sequences. The prediction of the promoter strength through CNN was successful and 
evaluated the predicted data effectively with the CF-TX method. We expect this study to be useful for researchers 
who want to generate the promoters of non-model organisms and predict their strength. 
  
Keywords : synthetic promoter, deep-learning model, cell-free transcription (CF-TX) method 
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Accumulated mutations in a viral genome can cause dramatic changes to the virus phenotype and thus completely 
disables the disease surveillance and response system. As we have experienced with the Omicron variant, mutants 
can led to a considerable burden on the nationwide health care system. To prevent the spread of variant viruses, a 
fast and easy-to-use variant identification assay that can be rapidly built and also deployed in the field is required. 
In this study, we developed a technology to identify virus variants based on a standard PCR amplicon. This 
diagnosis assay relies on ligation-dependent SNP discrimination, where the ligation only proceeds when each 
probe is completely complementary to a target sequence. Based on this assay, we discriminated the Omicron 
variant from the SARS-CoV-2 and vice versa in 20 min. This assay can be used to distinguish an SNP-level 
mutation rapidly, without the need for any specialized instruments, showing potential as a field-deployable 
technology. In addition, when a new variant outbreak appears, simplicity in designing probes can accelerate the 
development and field deployment of this mutation assay to prevent the spread of new variants. 
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In eukaryotes, the doxycycline (Dox)-inducible system has been widely implemented for temporal and quanti-
tative transcriptional control of gene of interest (GOI). Targeted integration (TI) of Dox-inducible elements, 
consisting of TetOn3G transactivator and GOI under control of tetracycline response element (TRE), provides an 
opportunity to develop Chinese hamster ovary (CHO) cell lines with predictable inducibility and to perform 
optimal cell engineering. CRISPR/Cas9-mediated one-step TI into a genomic safe harbor exhibited reproducible 
induction capability. However, we experienced a gradual decrease in inducible populations where EGFP 
fluorescence was used as a synthetic output. We have found that epigenetic silencing of promoter region of 
TetOn3G highly contribute to the generation of heterogeneous non-inducible subclones, as evidenced by CMV 
promoter methylation and correlation plots. To monitor and optimize our system, we not only linked TetOn3G to 
fluorescent reporter via a self-cleaving 2A peptide, but also introduced dual-landing pads which enabled 
recombinase-mediated cassette exchange (RMCE) of TetOn3G promoter and GOI, respectively. Furthermore, we 
separated integration sites of Dox-inducible elements to avoid potential interference of multi-transcript unit 
construct. We demonstrated stable and homogeneous induction dynamics with this model system. Besides, this 
platform cell line can be readily applied for stoichiometric functional gene study via RMCE of GOI. Collectively, 
our data suggest that epigenetic silencing of TI-based modules can compromise the performance of synthetic 
circuits, implying that monitoring and avoiding epigenetic regulation is worth considering when designing 
complex genetic devices. 
 
Keywords : Chinese hamster ovary (CHO), doxycycline (dox) inducible system, targeted integration, 
CRISPR/Cas9, epigenetic silencing, recombinase-mediated cassette exchange (RMCE) 
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 P0936   Formic Acid is Used as a Secondary Substrate in Succinic Acid Production by Metabolically 
Engineered Mannheimia succiniciproducens 

 
Jung Ho AHN, Junho BANG, Won Jun KIM, Yeah-Ji AHN, Sang Yup LEE 
Metabolic and Biomolecular Engineering National Research Laboratory, Department of Chemical and 
Biomolecular Engineering (BK21 Plus program), BioProcess Engineering Research Center, Institute for the 
BioCentury, KAIST, Daejeon, Korea 
Corresponding Author Email : leesy@kaist.ac.kr 
 
Formate (FA) is a promising alternative C1 carbon source as it can be efficiently synthesized from gaseous C1 
carbon compounds such as CO2 or CO. However, utilization of FA has been limited because of a lack of an 
efficient utilization method. Here, major FA utilization pathways and their flux were identified in M. 
succiniciproducens, which can produce succinic acid (SA) efficiently. To enhance the FA utilization in SA 
production, heterologous formate-dehydrogenase was introduced additionally. In the final strain, one-fifth of the 
produced SA contained FA-derived carbons resulting from the FA assimilation pathway. This work was supported 
by the C1 Gas Refinery Program through the National Research Foundation of Korea (NRF) funded by the 
Ministry of Science, ICT & Future Planning (NRF-2016M3D3A1A01913250) 
 
Keywords : formic acid, succinic acid, Mannheimia succiniciproducens, formate assimilation 
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 P0937   Assimilation of CO2 and Formic Acid by Engineered Escherichia coli Harboring Reconstructed 
One-Carbon Assimilation Pathways 
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One-carbon (C1) compounds can be attractive raw materials for bio-based chemicals. Here, we report 
development of Escherichia coli strains assimilating FA and CO2 through the reconstructed tetrahydrofolate 
(THF) cycle and reverse glycine cleavage pathway. The Methylobacterium extorquens formate-THF ligase, 
methenyl-THF cyclohydrolase and methylene-THF dehydrogenase genes were expressed to allow FA 
assimilation. The glycine cleavage (gcv) reaction was reversed by knocking out the repressor gene (gcvR) and 
overexpressing the gcvTHP genes. The final engineered strain showed a pyruvate-forming flux of 14.9% from 
FA and CO2. To reduce glucose usage required for energy and redox generation, the Candida boidinii formate 
dehydrogenase (Fdh) gene was expressed. The resulting strain showed specific glucose, FA and CO2 consumption 
rates of 370.2, 145.6 and 14.9 mg gDCW-1 h-1, respectively. Furthermore, cells sustained slight growth using 
only FA and CO2 after glucose depletion.  
** This work was supported by C1 Gas Refinery Program through the National Research Foundation of Korea 
(NRF) funded by the Ministry of Science and ICT (NRF-2016M3D3A1A01913250). 
 
Keywords : tetrahydrofolate cycle, glycine cleavage pathway, formate dehydrogenase, formic acid, CO2 
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 P0938   Fatty Acids and Fuels are Efficiently Produced Through Metabolically Engineered Rhodococcus 
opacus Strains 
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Production of free fatty acids (FFAs) and derivatives from renewable non-food biomass by microbial fermentation 
is of great interest. Here we report the development of engineered Rhodococcus opacus strains producing FFAs, 
fatty acid ethyl esters (FAEEs) and long-chain hydrocarbons (LCHCs). Culture condition is optimized to produce 
82.9 g/L of triacylglycerols from glucose. An engineered strain with acyl-CoA synthetases deleted, overexpressing 
three lipases with lipase specific-foldase produces 50.2 g/L of FFAs. Another engineered strain with acyl-CoA 
dehydrogenases deleted, overexpressing lipases, foldase, acyl-CoA synthetase, and heterologous aldehyde/alcohol 
dehydrogenase and wax ester synthase produces 21.3 g/L of FAEEs. A third engineered strain with acyl-CoA 
dehydrogenases and alkane-1 monooxygenase deleted, overexpressing lipases, foldase, acyl-CoA synthetase, and 
heterologous acyl-CoA reductase, acyl-ACP reductase and aldehyde deformylating oxygenase produces 5.2 g/L 
of LCHCs. Metabolic engineering strategies and strains developed here will help establish oleaginous biorefinery 
platform for the sustainable production of chemicals and fuels.  
** 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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 P0939   Growth on Only CO2 and Formic Acid Achieved Through Engineered Escherichia coli 
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Development of synthetic autotrophs or formatotrophs has attracted attention as a method to convert low-value 
C1 compounds to higher-value chemicals. This presents a feasible way to utilize greenhouse gases and therefore 
solve environmental problems. Previous reports of engineered Escherichia coli strains that can grow on only 
CO2 and formic acid achieved only very low final cell densities, of less than 1 (OD600). Here, we achieved a 
relatively high cell density (higher than OD600 of 11) with an engineered E. coli strain that 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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 P0940   Development of Non-native Biochemical Reaction to Improve Itaconate Production 
in Escherichia coli  
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Microbial production of itaconate has been mainly carried out by Aspergillus terreus. Recently, its production 
in Escherichia coli has been studied due to the complicated fermentation process and shortage of genetic 
engineering tools of A. terreus. One of the major issues on itaconate production in industrial strains is the poor 
availability of its precursor, cis-aconitate, unlike spatially compartmentalized itaconate synthesis of A. terreus. In 
this study, directed evolution of protein known to have substrate promiscuity to citrate was conducted in E. coli to 
enhance the cis-aconitate availability. Initially, the itaconate responsive screening system could be constructed by 
using the itaconate-responsive transcription factor (ItcR) from Yersinia pseudotuberculosis. Thereafter, the 
mutant library was rationally designed and enriched. Finally, the developed mutant showed significantly enhanced 
catalytic efficiency to citrate compared to the wild-type enzyme and consequently, its use enabled significantly 
increased itaconate production compared to the parental strain, indicating the successful kinetic separation 
between TCA cycle and itaconate biosynthesis with the increase cis-aconitate supply for the itaconate production. 
  
Keywords : kinetic separation, enzyme engineering, itaconate, biosensor 
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 P0941   Biosynthesis of Natural Sunscreen Ingredients via Metabolically Engineered Corynebacterium 
glutamicum 
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Amino acid-based substances have been received much attention because of strong antioxidant and UV protecting 
effects. Among them, L-ergothioneine (EGT), l-carnosine, and mycosporine-like amino acids (MAA) are regarded 
as alternative materials for natural sunscreen. To synthesize such materials via eco-friendly processes, we 
selected Corynebacterium glutamicum as a host strain. Preferentially, we reinforced pentose phosphate pathway 
by altering native promoter to PH36. We further overexpressed HisG and PanD to increase precursor pools and 
synthesized 99.17 mg/L L-carnosine. Additionally, we introduced PH36 to increase sulfur assimilation and 
deleted sdaA for EGT synthesis. Also, cysEKR were overexpressed to increase L-cysteine, which strengthened 
EGT synthesis up to 264.4 mg/L. For MAA synthesis the gene cluster was obtained from Cyanobacteria and 
overexpressed. As a result, we successfully synthesized sunscreen materials and confirmed biological functions. 
We observed that EGT and L-carnosine show 270 and 290 nm absorbance peaks each, while MAA mainly absorb 
334 nm peak. Thus, we suggested an alternative sunscreen material by combining all EGT, L-carnosine and MAA 
in this study. 
 
Keywords : L-Ergothioneine, L-Carnosine, mycosporine-like Amino Acids, pentose phosphate pathway, 
Corynebacterium glutamicum 
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 P0942   Evaluation and Standardization of Genetic Logic Gate Composed of Transcription Factors 
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Gene expression controlled by genetic circuits is crucial for cells to interact with environments, communicate, 
and perform specific tasks. Designing a synthetic genetic circuit gets attention due to its diverse application in 
therapeutics and others. However, understanding the interactions of biological components is essential for the 
high efficiency and accuracy of the design. In this study, we evaluated the genetic logic gates composed of 
transcription factors to describe their performance and interactions with each other. We defined a mathematical 
response function based on the Hill equation. The input and output signals were depicted as RNA polymerase 
fluxes and normalized with standard promoter activity unit. Consequently, we obtained 12 standardized NOT gate 
response functions. Furthermore, we studied the effect of component variation such as host or genetic part by 
analyzing coefficient change. The evaluation and standardization strategy in this study can be applied to other 
genetic modules based on the dCas9 as well as the transcription factors. Overall, we evaluated and standardized 
the performance of the genetic logic gates that can further predict the genetic circuit performance consisting of 
them. 
 
Keywords : genetic logic gate, transcription factor, response function 
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 P0943   Genome-scale Analysis of Genetic Regulatory Elements in Streptomyces avermitilis MA-4680 
Using Transcript Boundary Information 
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Streptomyces avermitilis holds industrial importance as the producer of a widely used anthelmintic agent, and a 
heterologous expression host of secondary metabolite-biosynthetic gene clusters. Despite its importance, S. 
avermitilis’ genome organization and regulation of gene expression remain poorly understood. In this study, four 
types of Next-Generation Sequencing techniques, including dRNA-Seq, Term-Seq, RNA-Seq and ribosome 
profiling, were applied to S. avermitilis, identifying 1,601 transcription units encoded in S. avermitilis’ genome, 
as well as diverse regulatory elements. The transcription unit architecture elucidated from the transcripts’ 
boundary information will provide insights for genetic regulatory mechanisms of S. avermitilis and elevate S. 
avermitilis’ potential as a production host for diverse secondary metabolites. 
** This work was supported by the Bio & Medical Technology Development Program (grant no. 2018M3A9F 
3079664 to B.-K.C. and 2021M3A9I5023245 to B.-K.C.) through the National Research Foundation (NRF) 
funded by the Ministry of Science and ICT (MSIT).  
** This work was also supported by a grant from the Novo Nordisk Foundation (grant no. NNF10CC1016517 to 
B.P.) 
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 P0944   Sensitive, One-step RNA Detection Based on Cell-free Synthetic Components 

 
Jeongmin LEE1, Chang Ha WOO2, Sungho JANG1, Giyoung SHIN2, Doeon SUNG1, Gyoo Yeol JUNG1,2,  
Jeong Wook LEE1,2 
1Department of Chemical Engineering, Pohang University of Science and Technology, Pohang, Korea, 2School 
of Interdisciplinary Bioscience and Bioengineering, Pohang University of Science and Technology, Pohang, 
Korea 
Corresponding Author Email : jeongwook@postech.ac.kr 
 
Recent outbreaks of infectious diseases are caused by RNA viruses. Since RNA viruses are highly contagious and 
fatal, a sensitive, simple, and rapid diagnostics assay is required to prevent the spread of viruses. In this study, we 
developed a one-step, cell-free assay for fluorescence-based RNA detection. It relies on an isothermal reaction 
cascade producing RNA aptamer which emits fluorescence as an output. The output aptamer is transcribed by T7 
RNA polymerase from the ligation resultant of the two single-stranded DNA probes via SplintR ligase. SplintR 
ligase ligates adjacent, single-stranded DNA probes supported with a complementary RNA strand as a splint. 
Since this assay consists of two simple enzymatic reactions, ligation and transcription, we further sought to 
enhance each reaction to improve the assay performance, including sensitivity and specificity. In addition, we also 
demonstrated that this assay could be used to detect emerging SARS-CoV-2 variants by leveraging the simplicity 
of the detection probe design. Overall, this isothermal one-pot, nucleic acid sequence-based diagnostics test can 
be a promising alternative to the standard molecular diagnostic method. 
 
Keywords : synthetic biology, cell-free system, molecular diagnostics, point-of-care test (POCT) 
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 P0945   Measurement of Heavy Metal Ions in Water Contamination Using a Cell-free Protein Synthesis 
and Personal Glucose Meter 
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It is important to be provided with clean drinking water. However, developing countries often use contaminated 
water without going through the refining process. One of the methods used to measure the concentration of heavy 
metal ions in water is using ICP-MS, which results in professional manpower and high costs. We therefore used 
a cell-free protein synthesis system and measured it with procedures and equipment that anyone could easily 
follow. The experiment was conducted with on/off protein expression by binding of the repressor and the operator 
according to the presence of heavy metals using the repressor which can bind to heavy metal ions. The proteins 
expressed were measured by glucose using invertase and sucrose, since invertase hydrolyzes sucrose and becomes 
fructose and glucose, so we are easily available and cheap personal glucose meter were used. We confirmed the 
difference according to ligand presence and absence through Cadmium and Zinc ion and identified the minimum 
concentration and maximum concentration to be measured. Also, the reaction time is about 30 minutes, which can 
be used as a field diagnosis. The experiment is in progress and is being prepared to measure the Arsenic, Copper, 
Lead, and Mercury in the future, and a method to increase sensitivity in addition to personal glucose meter is also 
being devised. 
 
Keywords : heavy metal ions, water contamination, cell-free protein synthesis, personal glucose meter, field 
diagnosis 
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 P0946   Three-Dimensional Structural Analysis of PAT Protein-Aptamer Complex 
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The development of genetically modified crops through the advancement of biotechnology was considered to 
solve pest and food problems. As the question of the impact of GM crops on biodiversity and the environment is 
raised, detection systems for controlling GM crops are important. We selected aptamers consisting of 
oligonucleotides that specifically bind to the herbicide resistance protein Phosphinothricin N-acetyltransferase 
(PAT), using the SELEX method. PAT protein was crystallized to confirm interactions through structural analysis. 
The Bar gene was cloned in pET-21a and expressed by E.coli BL21 (DE3). The protein was purified by three-
step chromatography. Sitting drop vapor diffusion was used for crystallization at 291K temperature. Analyzing 
the structure of protein-aptamer complex, can improve the specificity of aptamer to the target.  
** This research was supported by Basic Science Research Program through the National Research Foundation 
of Korea(NRF) funded by the Ministry of Education(2020R1A6A1A06046235).  
** This work was supported by the National Research Foundation of Korea(NRF) grant funded by the Korea 
government(MSIT) (No. 2020R1A2C1009463).  
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utilizing Saccharomyces cerevisiae 
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Naringenin is an attractive flavonoid compound in the healthcare and pharmaceutical industry. However, the 
structural complexity of naringenin hampers its production through traditional crop-based manufacturing or 
chemical synthesis. Alternatively, an implementation of a heterologous pathway into microorganisms is widely 
applied for mass-producing naringenin. In this study, Saccharomyces cerevisiae, a preferred industrial host with 
GRAS (generally regarded as safe) status, was engineered to become a platform host for the efficient production 
of naringenin from the renewable source of biomass. To this end, a heterologous pathway with naringenin 
synthetic enzymes, 4-coumarate-coenzyme A, chalcone synthase, and chalcone synthase isomerase, was 
introduced into a glucose/xylose co-utilizing strain of S. cerevisiae with optimized expression levels. The 
naringenin production of S. cerevisiae was then further improved by adapting de novo pathways with the genes 
sourced from various organisms. The best combination of naringenin synthetic enzymes resulted in up to three-
fold higher naringenin production when compared to the strain with the lowest titer. Our results highlight the 
importance of the synergetic combination of heterologous enzymes in a biosynthetic pathway and the potential of 
glucose/xylose co-fermentation for naringenin production from renewable resources. 
  
Keywords : naringenin, gene source screening, Saccharomyces cerevisiae, Xylose, co-fermentation 
 
 
  

Advanced Biotechnology for Human Society2022 한국생물공학회 춘계학술발표대회 및 국제심포지엄
2022 KSBB Spring Meeting and International Symposium

536



 P0948   Metalloporphyrins Production in Engineered Corynebacterium glutamicum for Bio-
derived Solar Cell Fabrication 
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Porphyrins are compounds which have tetrapyrroles such as heme, chlorophyll and vitamin B12 and used in many 
industries including organic solar cell and medicine for cancer treatment. Here, we developed Corynebacterium 
glutamicum producing specifically coproporphyrin III (CP III) with high productivity by engineering the core 
pathway. First, we constructed the optimized vector system by expressing various modules containing core 
pathway genes. When we cultivated C. glutamicum overexpressing the optimal module, CP III production was 
increased 2.20-fold and uroporphyrin III which is a major byproduct production was decreased 96.25%. Second, 
we reacted metals with CP III to make metalloporphyrins. The optimal mixture of metalloporphyrins absorbed a 
wide range of visible light. Third, we made dye-sensitized solar cell with metalloporphyrins. The efficiency of 
our bio-derived solar cell was 0.91%. Thus, this bio-derived solar cell is able to be an alternative method of 
producing original solar cell using chemically synthesized dyes. 
 
Keywords : metalloporphyrins, Dye-Sensitized Solar Cell, Corynebacterium glutamicum, metabolic engineering 
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 P0949   Production of Poly(3-hydroxybutyrate-co-3-hydroxyvalerate) from CO2 by 
Engineered Cupriavidus necator H16 
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The environmental issues of petroleum-derived plastics have stimulated the interest in polyhydroxyalkanoates 
(PHAs), which are biodegradable, nontoxic and biocompatible plastics produced by a variety of microorganisms 
naturally. A lithoautotrophic bacterium Cupriavidus necator H16, a natural poly (3-hydroxybutyrate) (PHB) 
producer, was used as a microbial platform for producing the co-polymers of 3-hydroxybutyrate (3HB) and 3-
hydroxyvalerate (3HV) or PHBV from fructose and CO2 in this study. The content of 3HV in PHBV determines 
several properties of the copolymer in terms of plasticity and biodegradability. Therefore, we engineered several 
metabolic pathways to increase the intracellular pools of propionyl CoA, an important precursor for 3HV 
formation. By overexpressing the heterologous acetolactate synthase gene (alsS), (R)-citramalate synthase gene 
(leuA) and the homologous beta-ketothiolase gene (bktB) and deleting the key genes involved in propionyl-CoA 
sink, 42.5 wt.% (g PHBV/g DCW) PHBV with a 64.9 mol.% 3HV fraction was obtained from fructose. With 
further improvement of metabolic capabilities of 3HV formation and optimization of culture conditions, PHBV 
with high HV fraction was lithoautotrophically produced from carbon dioxide. 
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 P0950   Role of Small Open Reading Frames (smORF) in Acetate Tolerance under the Control of WatR 
Transcription Factor in Methylomonas sp. DH-1 
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WatR (weak acid tolerance regulator) is a novel LysR-type transcription factor in Methylomonas sp. DH-1 
involved in organic acid tolerance. Adaptive evolution of Methylomonas sp. DH-1 has resulted in JHM80 strain, 
which overexpresses the watR gene due to the mutation in its promoter. Deletion of watR decreases the tolerance 
against lactate, and 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 target genes were identified by ChIP-seq and their transcriptional responses after acetate 
treatment were examined by RNA-seq. We demonstrated that WatR functioned as both an activator and a 
repressor, and the expression of target genes increased by acetate irrespective of the regulation type. The genes 
encoding subunits of an efflux pump, activated by WatR, were responsible for the tolerance of weak organic acids 
in general. On the other hand, WatR acted as a repressor of previously unannotated genes of small open reading 
frames (smORF), and their expression was derepressed upon acetate stress. These smORF polypeptides, 
containing putative transmembrane domain, were only involved in acetate tolerance, but not other weak organic 
acids. Overexpression of these smORF genes increased the acetate tolerance only in the presence of efflux pump 
genes, suggesting that the smORF polypeptides regulate the specificity of weak acid transport through interaction 
with the efflux pump. Therefore, we propose a role of WatR in acetate tolerance via smORF peptides-dependent 
regulation of acetate efflux. 
 
Keywords : efflux pump, methanotroph, LysR regulator, small open reading frame, weak organic acid tolerance 
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 P0951   Cellular Computational Logic Using Toehold Switches 
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Demonstration of computational logic that carries programmable and predictable dynamics is one of major 
interests in synthetic biology. Until recently, several synthetic arithmetic operations mimicking conventional 
silicon-based logical operators have been developed with various sources including protein or RNA regulators, 
but, to our knowledge, none of them were constructed only in RNA [1, 2]. Here, we show RNA-only bitwise 
logical operation of XOR gate, arithmetic operation, specifically a half-adder and a half-subtractor, and Feynman 
gate in single cell Escherichia coli using de-novo-designed toehold switches and antisense RNAs. By the 
concatenation of orthogonal NIMPLY gates with a series of optimization, XOR gate with large dynamic range 
was developed. Consecutively, higher-order circuits were constructed by combining the XOR gate with AND 
gate, NIMPLY gate or BUFFER gate. To reprogram living cells as computing devices, circuits consisting of only 
RNA have multiple advantages over conventional designs in terms of programmability, orthogonality, scalability, 
and speed [3-5]. The toehold switch based ribocomputing devices can be a fundamental basis of synthetic RNA-
based arithmetic logic units or higher-order systems such as a full adder and full subtractor that can lead to neural-
network like motifs in cellular context. 
 
Keywords : toehold switch, arithmetic operation, RNA-RNA interaction, molecular computing, reversible 
computing 
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 P0952   Microbial Production of 5-aminovaleric Acid Using Corynebacterium glutamicum as a Platform 
Strain 

 
Jae Ho SHIN1, Seok Hyun PARK1, Young Hoon OH1, Jae Woong CHOI1, Taehee HAN1, Sang Yup LEE1,2,3 
1Metabolic and Biomolecular Engineering National Research Laboratory, Systems Metabolic Engineering and 
Systems Healthcare Cross Generation Collaborative Laboratory, Department of Chemical and Biomolecular 
Engineering (BK21 Plus Program), Institute for the BioCentury, Korea Advanced Institute of Science and 
Technology (KAIST), Daejeon, Korea, 2BioProcess Engineering Research Center, KAIST, Daejeon, Korea, 
3BioInformatics Research Center, KAIST, Daejeon, Korea 
Corresponding Author Email : leesy@kaist.ac.kr 
 
5-Aminovaleric acid (5AVA) is an important five-carbon platform chemical especially for synthesis of polymers 
and other industrially valuable chemicals. Employment of lysine 2-monooxygenase encoded by the davB gene 
and 5-aminovaleramidase encoded by the davA gene has been successful for enzymatic conversion of L-lysine to 
5AVA. In addition, a recombinant Escherichia coli strain expressing the davB and davA genes was developed for 
the bioconversion of L-lysine to 5AVA. Corynebacterium glutamicum, an efficient L-lysine producing 
microorganism, is a highly promising platform to develop of direct fermentative production of 5AVA using L-
lysine as a precursor for 5AVA. In this report, metabolic engineering was done in C. glutamicum to enhance the 
fermentative production of 5AVA from glucose. 
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 P0953   Evaluation of Improved Base Editing with Minimized Unexpected Variants as Genome Engineer
ing Tool 
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Genome engineering tool with high-resolution and precision is essential for re-constructing microbial cycle. Rat 
APOBEC1-derived cytosine base editor (CBE) is representative technology for genome editing with high 
efficiency and simplicity. However, CBE induced DNA off-targets that result from unintended SNV on genomic 
DNA, which blemish the significance of CBE as programmed specific genome editing tool. Here, we applied 
high-fidelity CBEs for more advanced bacteria engineering to Corynebacterium glutamicum and assessed capacity 
of high-fidelity CBEs by generating premature termination codons (PTCs) in targeted genes (CBE-STOP). We 
constructed several edited strains targeting each single gene (ldh, idsA and pyc) and multiple genes (ldh, actA, 
ackA, pqo and pta) for enhanced succinate production with CBE-STOP. Whole-genome sequencing (WGS) data 
of these mutants showed that point mutations were occurred on genomic DNA randomly. Off-targets were 
increased dependent on the number of rounds applying each different sgRNA for constructing strain edited 
multiple genes with CBE-STOP. We deduced that off-targets were accumulated dependent on duration time 
exposed to CBE. Edited strains with CBE-STOP using high-fidelity CBEs (YE1-BE3 and BE3-R132E) revealed 
drastically reduced sgRNA-independent off-targets with consistent efficiency. We evaluate bacterial off-targets 
event induced by applying CBE in C. glutamicum and prove the accuracy of CBE as genome engineering tool for 
C. glutamiucm with high-efficiency to on-target and minimized DNA off-targets.  
 
Keywords : base editing, off-targets, genome engineering 
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 P0954   System-Level Analysis of Transcriptional and Translational Regulatory Elements 
in Streptomyces griseus 
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Streptomyces have the ability to produce a wide range of secondary metabolites through a shift from primary to 
secondary metabolism regulated by complex networks activated after vegetative growth terminates. Despite 
considerable effort to understand the regulatory elements governing gene expression related to primary and 
secondary metabolism in Streptomyces, system-level information remains limited. In this study, we integrated 
four multi-omics datasets from Streptomyces griseus NBRC 13350: RNA-seq, ribosome profiling, dRNA-seq, 
and Term-Seq, to analyze the regulatory elements of transcription and translation of differentially expressed genes 
during cell growth. The comprehensive genetic information provides a foundational genetic resource for strain 
engineering to enhance secondary metabolite production in Streptomyces.  
** This study was funded by the National Institute of Biological Resources under the Ministry of Environment of 
Korea (NIBR202122101 to B-HL) and the Bio and Medical Technology Development Program (NRF 
2021M3A9I5023245 to B-KC) through the National Research Foundation of Korea (NRF).  
** This study was also funded by the Novo Nordisk Foundation (NNF10CC1016517 to BOP). 
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 P0955   Synergistic Effect of Dahms and L-Xylulose 1-Phosphate Pathway for the Synthesis of Glycolate 
from Lignocellulosic-derived Pentoses in E. coli 
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Industrially competitive glycolate-producing E. coli strain would require maximum utilization of different 
fermentable sugars. Herein, both the L-xylulose 1-phosphate pathway (X1P) and the Dahms pathway (DP) were 
integrated into the E. coli W3110 (DE3) strain to produce glycolate (GA) from L-arabinose and D-xylose, 
respectively. The X1P was first engineered in E. coli to produce GA from L-arabinose. This strain produced GA 
at maximum theoretical yield with and without the activation of the glyoxylate shunt pathway. However, the 
mentioned strain suffered from slow biomass formation and long lag phase, resulting in low productivity. 
Therefore, DP was employed to synergize with X1P, improving the GA productivity and growth of the engineered 
strain in the presence of L-arabinose and D-xylose. To the best of our knowledge, this is the first attempt to 
produce GA through the synergy of X1P and DP. Further engineering of the E. coli strain bearing the X1P and 
DP is critical to optimize GA production.  
** This work was supported by NRF funded by The Ministry of Science and ICT (2021R1F1A1045612), Basic 
Science Research Program through the Ministry of Education (2020R1A6A1A03038817). 
  
Keywords : D-xylose, L-arabinose, glycolate, Dahms pathway, L-xylulose 1-phosphate pathway, metabolic 
engineering 
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 P0956   Metabolic Engineering of Pseudomonas putida for the Efficient Production of Biodiesel Using 
Ethanol 
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Biodiesels have gained an increasing attention as a replacement of traditional petroleum fuels, especially fatty 
acid ethyl esters (FAEEs) due to the less environmental impact. Here, we report the efficient upgrading of ethanol 
to FAEEs from recombinant Pseudomonas putida KT2440, using ethanol as the sole carbon source. First, the wax 
synthase (WS) encoded by the atfA gene from Acinetobacter baylyi ADP1 was expressed in P. putida KT2440. 
Second, the flux from ethanol towards acetyl-CoA was increased by expression of the acetaldehyde dehydrogenase 
(ada) from Dickeya zeae.  Organic overlay to capture FAEEs increased FAEEs to 1.2 g/L with a yield of 152.09 
mg FAEEs/g ethanol. Further, medium optimization led to 4.3 g/L of FAEEs production with a yield of 136.24 
mg FAEEs/g ethanol in fed-batch fermenter. Additionally, co-utilization of ethanol and plant cooking oil was 
shown to produce 4g/L of FAEEs in shake flasks cultures by recombinant P. putida. In summary, our study 
provides a basis for combining the bioethanol production process with the efficient upgrading of ethanol to 
biodiesel using metabolically engineered microorganism. 
  
Keywords : Pseudomonas putida, fatty acid ethyl ester, ethanol 
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 P0957   Cell Surface Display of Pyrococcus horikoshii Glutamate Decarboxylase in Escherichia coli for 
High-titer Extracellular Gamma-aminobutyric Acid Production 
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The effect of cell-surface display of glutamate decarboxylase (GadB) on gamma-aminobutyric acid (GABA) 
production in recombinant Escherichia coli was investigated in this study. We integrated GadB from hyperther-
mophilic, anaerobic archaeon Pyrococcus horikoshii to the C-terminus of the E. coli outer membrane protein C 
(OmpC). After 12 h of culturing GadB displaying cells, the GABA concentration in the extracellular medium 
increased to 3.2 g/l, which is eight times that obtained with cells expressing GadB in the cytosol. To further 
enhance GABA production, we increased the temperatures of the culture. At 60°C, the obtained GABA 
concentration was 4.62 g/l after 12 h of culture, and 5.35 g/l after 24 h, which corresponds to a yield of 87.7%. 
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Serotonin is a major neurotransmitter that acts on a wide range of central nervous system and peripheral nervous 
system functions and is known to have a role in various process-es. Recently, it has been found that 5-HT is 
involved in cognitive and memory functions through interaction with cholinergic pathways. The natural flavonoid 
extracted from Cudrania tricuspidata is a secondary metabolite of the plant. Recently studies have confirmed that 
KAE possesses a neuroprotective effect because of its strong antioxidant activity. It has been con-firmed that KAE 
is involved in the serotonergic pathway through an in vivo test. However, these results need to be confirmed at 
the molecular level, because the exact mechanism that is involved in such effects of KAE has not yet been 
elucidated. Therefore, the objective of this study is to confirm the interaction of KAE with 5-HT3A through 
electrophysiological studies at the mo-lecular level using KAE extracted from Cudrania tricuspidata. This study 
confirmed the interaction between 5-HT3A and KAE at the molecular level. KAE inhibited 5-HT3A receptors in 
a concentra-tion-dependent and voltage-independent manner. Site-directed mutagenesis and molecu-lar-docking 
studies confirmed that the binding sites D177 and F199 are the major binding sites of human 5-HT3A receptors 
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 P0959   Co-utilization of Galactose for Hyaluronic Acid Production in Escherichia coli 
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Hyaluronic acid, a linear polysaccharide has hydrating, rheological and adhesive properties. In microbial cell 
factory-based hyaluronic acid production, the Embden-Meyerhof-Parnas route was commonly used for the 
production of UDP-glucuronic acid. In this study, we modified Escherichia coli for the production of hyaluronic 
acid from glucose and galactose. By knocking out transcriptional repressor genes (galR and galS), the Leloir 
pathway has been activated. Exogenous hyaluronic acid synthase (hasA) from Streptococcus zooepidemicus was 
introduced to knockout strain which converts the precursor into hyaluronic acid. The modulation of glucose and 
galactose consumptions were observed by knockout of the pfkA and zwf genes, which encode 6-phosphofruc-
tokinase I and glucose-6-phosphate dehydrogenase, respectively. Simultaneous consumption of varied carbon 
sources, the engineered E. coli produced 8.30 mg/L hyaluronic acid. As a proof of concept, this study 
demonstrated the production of hyaluronic acid from glucose and galactose in the engineered E. coli.  
** This work was supported by Cooperative Research Program for Agricultural Science & Technology 
Development (Project No. PJ01492601).  
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 P0960   Construction and Characterization of atpG Knockdown Mutant of Clostridium acetobutylicum 
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Clostridium acetobutylicum is a strictly anaerobic, gram-positive bacterium that survives in hostile environments 
by producing endospores. C. acetobutylicum produces the solvents through biphasic pathway, which is divided 
into an acidogenic phase and a solventogenic phase. Despite such perfect metabolism for energy and redox 
regulation through biphasic fermentation, the atp operon encoding ATPase was reported in C. acetobutylicum 
genome. Although physiological effects of disrupting ATPase have been analyzed in other organism, the 
consequences of ATPase mutation in C. acetobutylicum ATCC 824 have not yet been investigated. In this study, 
we first constructed atpG knockdown strains to investigate the role of the ATPase in C. acetobutylicum. In 2-L 
bactch fermentation, the atpG knockdown mutant showed no significant changes in physiological characteristics 
except extracellular pH compared with the parent ATCC 824. The inference is that most ATP is produced through 
substrate-level phosphorylation in glycolysis and the acid-forming pathways in C. acetobutylicum. 
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 P0961   The Establishment of Non-pathogenic Rhamnolipids Producing Escherichia coli 
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Rhamnolipids are a class of biosurfactants which are composed of rhamnose and -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 secured a non-pathogenic 
rhamnolipids producing E. coli by introducing plasmid vectors harboring the codon optimized gene of 
rhamnolipids biosynthesis. Furthermore, 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. (PJ01567502).  
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Neoaureothin, rare nitro-substituted polyketide in nature, 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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Formate is an environmental and sustainable C1 feedstock, which is soluble and could be synthesized from CO2 or 
CO. In this study, we produced lycopene from formate using M. extorquens by engineering non-mevalonoate 
pathway, also called MEP pathway, for effective lycopene production. First, LMZ01 strain was constructed by 
deleting CrtCD, genes for consuming lycopene, and used as a parental strain, showing improved lycopene produc-
tion. Then, dxs, a rate-limiting step of MEP pathway, was overexpressed under lac, tac, and mxaF promoter, 
respectively. Expression level was shown to be strong in the order of mxaF, tac, and lac promoter by expressing 
EGFP. Interestingly, while the mxaF promoter with strong expression level was ineffective, the tac promoter with 
moderate level showed 45% increase in lycopene production. This showed lycopene could be produced reasonably 
from formate and suitable expression level of MEP pathway is crucial.  
 
Keywords : formate, c1, cartenoid, Methylorobrum extorquens  
 
 
  

Advanced Biotechnology for Human Society2022 한국생물공학회 춘계학술발표대회 및 국제심포지엄
2022 KSBB Spring Meeting and International Symposium

552



 P0964   Production of Resveratrol by Coculture with Escherichia coli and Optimization by 13C-MFA 
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13C-MFA (Metabolic Flux Analysis) is a technique for decoding fluxes of central carbon metabolism using a C 
source marked 13C. Provide a C source marked 13C in strain and measure the label information of the metabolite. 
It is then possible to track label information based on a model that decodes flux using specific enzymes in the 
strain. Resveratrol is a beneficial compound found in plants. It has the effects of cancer, antioxidants and life 
extension. Resveratrol can be created using Acyl-CoA in the EMP pathway and Tyrosine in the PP pathway. 
However, the road has a different temper and is difficult to turn into a single strain. Thus, an attempt was made to 
produce resveratrol using a coculture. In this study, two E. coli were designed to supply more resveratrol precursor 
based on previous studies. Then we will produce resveratrol with a coculture. Finally, using 13C-MFA to analyze 
the metabolic rate of coculture, and ways to increase resveratrol will be discussed.   
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 P0965   Expression Analysis of Wheat Nuclear Factor Y Transcription Factors Under Drought 
Conditions for Their Adaptation to Chemically-induced Promoter Systems 
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Corresponding Author Email : jhwanlee90@jbnu.ac.kr 
 
Nuclear Factor Y transcription factors (NF-Y) that directly bind to the CCAAT box regulate diverse genes in all 
eukaryotes. They forms a heterotrimeric complex consisting of three unique subunits called NF-YA, NF-YB, and 
NF-YC. In plants, multiple genes encode each subunit type, thereby leading to form many possible NF-Y 
complexes that play key roles under various abiotic stress conditions such as drought. However, our current 
knowledge about the role of wheat (Triticum aestivum) NF-Y transcription factors (TaNF-Y) in the response to 
drought remains limited. Here, we performed phylogenetic analysis of TaNF-Y with Arabidopsis and rice NF-Y, 
and investigated the expression patterns of TaNF-YA, TaNF-YB, and TaNF-YC in drought-treated wheat leaves 
and roots. Phylogenetic trees showed that various TaNF-Y transcription factors may function in flowering, 
chloroplast biogenesis, and drought stress. Furthermore, expression analyses revealed that a variety of TaNF-
Y genes (TaNF-YA2/4/5/6/9, TaNF-YB10/11, and TaNF-YC7/8/14) were up-regulated in leaves, but not in roots 
under drought conditions, suggesting that they may possible targets for transgenic approaches. Taken together, 
our results provided that TaNF-Y transcription factors may play an important role in response to drought stress 
and also they will be adapted to chemically-induced promoter systems for development of drought-tolerant wheat. 
** Acknowledgement: This work was supported by National University Development Project in 2021. 
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Agricultural business has been suffered from nematodes, a parasitic animals causing over 100 billion dollars loss. 
To develop practical nematicidal drug-producing host strain by means of manipulating regulatory genes and 
precursor biosynthesis, two Streptomyces strains, Streptomyces spectabilis KCTC9218 and Streptomyces sp. 
AN091965, yielding the antinematode drug, spectinabilin, were sequenced. Whole genome sequencing of both 
strains was performed by PacBio and Illumina sequencing platforms, and assembled by hybrid methodology. The 
total lengths of the contigs were 9.97 Mb and 9.84 Mb, and identified protein-coding genes were 8,374 and 8,054 
for KCTC9218 and AN091965, respectively. In the same vein, antiSMASH was exploited to anticipate useful 
secondary metabolites. The antiSMASH analysis confirmed 39 and 45 secondary metabolite biosynthetic gene 
clusters from KCTC9218 and AN091965, respectively. Notably, production of various antinematode drugs, 
including spectinabilin, streptorubin B, and undecylprodigiosin, was verified in both strains by high resolution 
LC-MS analysis, which is expected to be a groundwork for formulating prospective agricultural drug-producer. 
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 P0967   Mathematical Modeling of Genetic Circuits 
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One of the main challenges in designing a genetic circuit is predicting its functional behavior. This prediction 
technique could significantly increase design efficiency by choosing the most appropriate designs without 
experiments. Here, we built a mathematical model explaining the quantitative changes of a genetic circuit in a 
cell-free condition. The model consists of ODEs of more than 50 biochemical reaction equations. Some 
parameters were assumed with fixed constants from published information. MCMC technique was used to 
estimate the unknown parameters. The inferred parameters successfully simulate the genetic circuit behaviors, 
including sfGFP expression with different conditions. We anticipate that our approach could help to overcome 
the technical difficulty in constructing artificially designed biochemical networks. Further works combining our 
model with AI will promote the establishment of the design rationale of genetic circuits in the field of synthetic 
biology. 
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 P0968   Rapid Analysis of Genetic Variation Utilizing High Resolution Microchip-based CE-SSCP 
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Capillary electrophoresis on microchip-based genetic analysis systems are very useful because of rapid analysis, 
tiny sample/reagent consumption, and portability. Among the many other electrophoretic techniques, capillary 
electrophoresis-single strand conformation polymorphism (CE-SSCP) analysis is one of promising genotyping 
method due to its simplicity and versatility. The electrophoretic mobility variation comes from sequence-induced 
folded conformation difference of single strand DNA. Therefore, any DNA sequence variation theoretically cause 
shift in the mobility and can be detected upon electrophoresis in non-denaturing condition. However, the most 
critical limitation of CE-SSCP on microchip is low separation resolution resulting from short separation channel 
length, thus its application had been limited. To develop high-resolution microchip CE-SSCP analysis system, we 
investigated the relationship between the resolution of SSCP and the channel width. In this study, we translated 
CE-SSCP system into a microchip format and improved separation resolution via microchannel width control. A 
high-resolution microchip CE-SSCP system was demonstrated by using an optimum condition (300μm channel 
width with PEO-PPO-PEO triblock copolymer). This analysis system was successfully applied to the various 
genetic analyses including food-borne pathogen detection and single nucleotide polymorphism marker detection. 
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Nuclear pore complexes (NPCs) composed of approximately 30 nucleoporins (Nups) are main channels 
controlling nucleo-cytoplasmic mRNA and protein transports. Although it has been known that several NUP genes 
affect flowering in Arabidopsis thaliana, the underlying mechanisms are little understood. Here, we reported that 
a central FG repeat component, Nucleoporin62 (Nup62), acts as a negative regulator of flowering in Arabidopsis. 
A loss-of-function mutant of Nup62 (nup62-2) appeared early flowering phenotype under various ambient 
temperature conditions. Furthermore, gNup62:GFP nup62-2 plants showed wild-type like flowering, suggesting 
that the alteration in Nup62 activity affects flowering time. The increased expression of FLOWERING LOCUS T 
(FT) and SUPPRESSOR OF OVEREXPRESSION OF CONSTANS 1 (SOC1) was observed in nup62-2 mutants, 
which is correlated with early flowering phenotype of nup62 mutants. However, the unaltered expression of 
SHORT VEGETATIVE PHASE (SVP) and FLOWERING LOCUS M (FLM), or increased expression of 
FLOWERING LOCUS C (FLC) could not explain the flowering phenotype of nup62 mutants. Taken together, our 
results suggested that Nup62 acts as a regulator of flowering time. 
 
** Acknowledgement: This work was supported by National University Development Project in 2021. 
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Synthetic sRNA, which is a target gene knockdown tool, cannot be used in bacteria already having incompatible 
plasmid(s). Here, we report the development of expanded sRNA expression plasmids for rapid, multiplexed, and 
genome-scale target gene knockdown in engineered Escherichia coli. First, high performance L-proline and L-
threonine producers are rapidly developed by combinatorial knockdown via one-step co-transformation of sRNA 
expression plasmids. Moreover, an E. coli genome-scale sRNA library covering 1,858 genes is employed to 
construct crude violacein and indigo overproducers by high-throughput colorimetric screening. The expanded 
sRNA expression plasmids enable rapid development of chemical overproducers regardless of plasmid 
compatibility.  
** This work was supported by the Technology Development Program to Solve Climate Changes on Systems 
Metabolic Engineering for Biorefineries (NRF-2012M1A2A2026556 and NRF-2012M1A2A2026557) and the 
Intelligent Synthetic Biology Center through the Global Frontier Project (2011-0031963) of the Ministry of 
Science and ICT (MSIT) through the NRF of Korea. 
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Here, a type III polyketide synthase (RppA) was developed as a colorimetric malonyl-CoA biosensor for use in 
bacteria. As RppA converts malonyl-CoA into a red pigment flaviolin, strains with increased malonyl-CoA 
production could be screened by colorimetric screening. The biosensor was applicable in three industrially 
important bacteria: Escherichia coli, Pseudomonas putida, and Corynebacterium glutamicum. High-throughput 
screening of E. coli strains introduced with a genome-scale sRNA library (1,858 genes) identified 14 knockdown 
gene targets that generally enhanced malonyl-CoA level. The screened gene targets were applied to enhance the 
production of two polyketides (6-methylsalicylic acid and aloesone) and two phenylpropanoids (resveratrol and 
naringenin) to 440.3, 30.9, 51.8 and 103.8 mg/L, respectively.  
** Supported by the Technology Development Program to Solve Climate Changes on Systems Metabolic 
Engineering for Biorefineries (NRF-2012M1A2A2026556 and NRF-2012M1A2A2026557) and by the Intelligent 
Synthetic Biology Center through the Global Frontier Project (2011-0031963) of the Ministry of Science and ICT 
(MSIT) through the National Research Foundation (NRF) of Korea. 
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There has been much interest in producing natural colorants to replace synthetic colorants of health concerns. 
However, production of hydrophobic natural colorants resulted in accumulation of these compounds inside or on 
the cell membrane, causing cell growth limitation and reduced production of the target chemicals. Here, we report 
integrated strategies of membrane engineering for the enhanced production of rainbow colorants, three carotenoids 
and four violacein derivatives, as representative hydrophobic natural products in E. coli. By integration of systems 
metabolic engineering, cell morphology engineering, inner-membrane and outer-membrane vesicle formation, 
and fermentation optimization, production of rainbow colorants are significantly enhanced, reaching as high as 
11.26 g/L of production (deoxyviolacein).  
** 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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mediated LsPIF4 and LsTCPs Editing 
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PHYTOCHROME INTERACTING FACTOR4(PIF4) and TEOSINTE BRANCHED 1, CYCLOIDEA AND PCF 
TRANSCRIPTION FACTOR 5, 13, 17 (TCPs) are well known as the transcription factor related in thermo-
morphogenesis. Despite its crucial functions of PIF4 and TCPs in the regulation of thermomorphogenesis, the 
functional study in lettuce (Lactuca sativa L.) is still lacking. As the first step to develop the high temperature 
resistant lettuce by CRISPR/Cas9 system, we isolated LsPIF4 and LsTCPs from lettuce and investigate its 
biological functions. LsPIF4 and LsTCPs subcellular localization patterns were analyzed using lettuce protoplast, 
and the LsPIF4 and LsTCPs protein localization patterns were similar with Arabidopsis thaliana PIF4 
(AtPIF4) and TCPs (AtTCPs). Next, we evaluated the mutagenesis efficiencies of two sgRNAs of LsPIF4 
designed in this study by transfecting the RNPs to lettuce protoplasts. The mutation frequencies by LsPIF4 
sgRNA1 and sgRNA2 were 55.3% and 17.8%, respectively. Finally, we transfected LsPIF4 sgRNA1 showing 
high mutation efficiency and Cas9 protein into lettuce protoplasts to modify target genes, and the successful first 
division and calluses turned green were observed. 
** Acknowledgement: This work was supported by National University Development Project in 2021. 
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The incorporation of a ncAA specifically at the translation initiation site enables the installation of reactive groups 
for modification at the N-termini of proteins, which are attractive positions for introducing abiological groups 
with minimal structural perturbations. In this study, we attempted to engineer an orthogonal protein translation 
initiation system. Introduction of the identity elements of Escherichia coli initiator tRNA converted an engineered 
Methanococcus jannaschii tRNATyr into an initiator tRNA. The engineered tRNA enabled the site-specific 
incorporation of O-propargyl-l-tyrosine (OpgY) into the amber (TAG) codon at the translation initiation position 
but was inactive toward the elongational TAG codon. Misincorporation of Gln was detected, and the engineered 
system was demonstrated only with OpgY. We expect further engineering of the initiator tRNA for improved 
activity and specificity to generate an orthogonal translation initiation system. 
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Although brown macroalgae has a high potential as an alternative feedstock, its utilization by conventional 
microbial platforms has been limited due to the inability to metabolize one of the major carbohydrate, alginate. 
Here, we isolated Vibrio sp. dhg, a novel, fast-growing bacterium that can efficiently assimilate alginate. Based 
on systematic characterization of the genomic information of Vibrio sp. dhg, we were able to develop a genetic 
toolbox for its engineering, and successfully demonstrated its ability to rapidly produce a broad spectrum of 
chemicals (ethanol, 2,3-butanediol, and lycopene) from brown macroalgae sugar mixtures with a high productivity 
and yield. Collectively, the Vibrio sp. dhg strain is a promising platform for the conversion of brown macroalgae 
sugars whose usage will dramatically accelerate the production of value-added biochemicals. 
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The Prograf is clinically used to prevent allograft rejection of organ transplants. This drug also exhibits antifungal, 
neuroprotective, and neuroregenerative activities. In order to separate the neurotrophic activity from its 
immunosuppressive activity, four new analogs were developed with combined modifications of the pipecolate 
moiety, C-9/C-31 positions, and C-21 side chain. 
The prolyl analogs displayed more than 120-fold lower immunosuppressive activities than their pipecolate 
analogs, based on the 50% inhibitory concentration (IC50) values for T cell proliferation, suggesting that pipecolate 
substitution with proline is effective for decreasing the immunosuppressive activities of this drug. In addition, the 
immunosuppressive activity of analogs with shorter C-21 side chain is lower than that of analogs with longer side 
chain. 
To evaluate their hair growth-promoting activity, vibrissae tissue of mice was used. Each analogs were mixed 
with a vibrissae culture medium, and then evaluation was performed by measuring length, area, volume, and the 
like of vibrissae relative to reference values. They provide the same level of hair growth-promoting effect, when 
compared to their parent compound. Taken together, the application of structural modification of natural products 
by combinatorial biosynthesis or pathway engineering is an effective strategy for development of a novel 
compound with improved activities. 
 
Keywords : natural product, hair growth, immunosuppressive activity, combinatorial biosynthesis, pathway 
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De-novo-designed synthetic RNA regulators1-3 have been utilized to construct complex RNA-based synthetic 
gene circuits in living cells. We constructed RNA-based type 1 incoherent feedforward loop (IFFL) circuits in 
vivo using these regulators and explored their dynamic behaviors4,5. We focus on the IFFL gene circuits with four 
different variations (transcription(TX)-only, translation(TL)-only, hybrid(HY)-1, HY-2) to investigate how 
regulation at the TX and TL levels affect the circuit dynamics. In the case of TL-only and HY-1, 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. On the other hand, simulation results indicated that pulse generation could be achieved in TX-only 
and HY-2, which was further validated by experimental realization in E. coli.6 Our study has shown that RNA 
regulators can be used as modular components for dynamic synthetic gene circuits, suggesting that other complex 
systems can be implemented with aid of mathematical modeling. 
 
Keywords : incoherent feed-forward loop, mathematical modeling, RNA regulators, pulse generation 
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The riboswitches are attractive sensor modules for use in synthetic biology applications. However, the tuning of 
the riboswitches was constrained by their difficulties and narrow range of modulation. Therefore, novel molecular 
parts and strategies for straightforward tuning of the fold-change of riboswitch circuits are needed. In this study, 
we devised a toehold switch-based modulator approach that combines a hybrid input construct consisting of a 
riboswitch and transcriptional repressor and de-novo-regulator, toehold switches. Optimization strategies that 
balance the expression levels of the toehold switch greatly improved the fold-change(261-fold). Further 
characterizations confirmed low leakiness and high orthogonality of five toehold switch pairs, indicating the broad 
applicability of this strategy to riboswitch tuning. These results demonstrate that toehold switches can provide 
programmable and modular plug-and-play genetic parts for the response tuning of riboswitch circuitry. 
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