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 S111   Biomaterials to Induce Immunity 
 
David MOONEY 
School of Engineering and Applied Sciences and Wyss Institute, Harvard University, USA 
Corresponding Author Email : mooneyd@seas.harvard.edu 
 
Cancer immunotherapy (e.g., checkpoint blockade therapy, CAR-T cells) is revolutionizing cancer treatment, 
but many patients do not benefit from the current therapies.  We propose to utilize biomaterials to better 
program immune cells and enhance therapeutic outcomes. The materials promote spatial concentration of target 
immune cell populations, and manipulate the assembled cells via temporal control over immunomodulatory 
agents presented from the material.1 This approach has shown significant promise in the development of robust 
anti-cancer T cell responses in the context of a wide range of cancers.2-5  The resultant biomaterial systems 
allow for significant control over antigen presentation and antigen presenting cell activation, leading us to 
explore their utility as a platform for vaccination against infectious agents, including SARS-CoV-2.6  Further, 
these systems can also serve as synthetic analogs of antigen presenting cells, allowing for rapid expansion and 
tuning of T cell products to enhance adoptive therapy.6  Biomaterial-based systems are a promising approach to 
program immune responses in vitro and in vivo and improve the outcome of current immunotherapies.7 

 
Keywords : Cancer, CAR-T, vaccine 
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 S112  Adding the Chemical Dimension to Lithography at All Scales: Enabling Cellular Therapies & 
Other Adventures in Biology and Medicine 

 
Paul S. WEISS 
California NanoSystems Institute and Departments of Chemistry & Biochemistry, Bioengineering, and Materials 
Science & Engineering, UCLA, Los Angeles, California 90095, USA 
Corresponding Author Email : psw@cnsi.ucla.edu 
 
By controlling the exposed chemical functionality of materials from the submolecular through the centimeter 
scale, we have enabled new capabilities in biology, medicine, and other areas. I will discuss current and 
upcoming advances and will pose the challenges that lie ahead in creating, developing, and applying new tools 
using this capability. These advances include using biomolecular recognition in sensor arrays to probe dynamic 
chemistry in the brain and microbiome systems. In other areas, we introduce biomolecular payloads into cells 
for gene editing at high throughput for off-the-shelf solutions targeting hemoglobinopathies, immune diseases, 
and cancers. We circumvent the need for viral transfection and electroporation, both of which have significant 
disadvantages in safety, throughput, cell viability, and cost. Mechanical deformation can make cell membranes 
transiently porous and enable gene-editing payloads to enter cells. These methods use specific chemical 
functionalization and control of surface contact and adhesion in microfluidic channels. 
 
Keywords : Nanoscience, nanotechnology, biotechnology, gene editing, genetic disease, cancer immuno-
therapy, liquid biopsy 
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 S113  Developing Single Exosome Diagnostics for Cancer Care 

 
Ralph WEISSLEDER 
Center for Systems Biology (CSB), Massachusetts General Hospital and Harvard Medical School, USA 
Corresponding Author Email : ralph_weissleder@hms.harvard.edu 
 
Methods for extracellular vesicle (EV including exosomes) analysis have significantly advanced over the last 
several years but challenges remain to reproducibly analyze samples in a clinical setting. If more sensitive and 
reproducible methods could be established, they would have far-reaching applications in early cancer detection, 
measuring patient response to drugs, understanding tumor heterogeneity and discriminating different diseases. 
One challenge is the differentiation of tumor cell-derived EV (TEV) from host cell-derived EV (HEV) based on 
biomarker abundance. An engineering challenge is to develop more sensitive analytical approaches. Most 
existing technologies rely on bulk EV measurements which are inherently less sensitive since markers of interest 
are diluted. To increase the diagnostic accuracy of EV profiling methods, there is thus a need for reliable single 
vesicle analytical methods. In this presentation, I will review the different single EV methods developed in our 
labs, summarize lessons learned and outline remaining hurdles. It is clear that single vesicle methods have the 
potential to transform cancer research and clinical practice but this will require more work and close colla-
boration between engineering, biology and medical fields. If successful, the new single EV approaches will 
allow us to discover the make-up of EV in clinical specimen with far-reaching diagnostic applications. 
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 S114   Emerging Insights into Function, Structure and Metabolite Diversification from Modular 
Polyketide Synthases 

 
David H. Sherman 
University of Michigan, Life Sciences Institute, Department of Medicinal Chemistry, Ann Arbor, MI, USA 
Corresponding Author Email : davidhs@umich.edu 
 
Bacterial modular polyketide synthases are multi-functional enzymes that mediate the assembly of a wide 
variety of complex natural products. Many of these metabolites have been developed into clinically approved 
antibiotics, anti-parasitic agents and cancer therapeutics. For the past three decades numerous groups have 
worked to understand the function and structural parameters involved in expanding the metabolic diversity of 
modular PKSs through in vivo and in vitro approaches. Although some successes have been reported, there 
continues to be a need to expand our knowledge about the role of individual catalytic domains, protein-protein 
interactions and substrate selectivity parameters in order to engineer these systems. We have focused on studies 
of PKSs that generate 12-, 14- and 16-membered macrolactones in order to understand the primary bottlenecks 
in production of new metabolites using natural and unnatural chain elongation intermediates. A particular focus 
in these studies has been the PKS terminal thioesterase domain and the determinants that contribute to 
selectivity and macrolactonization. Recent studies have revealed the ability to maximize efficiency of 
macrolactone formation by appropriate pairing of a TE domain in an engineered PKS involved in processing of 
unnatural substrates. We have also significantly expanded our pool of unnatural substrates to assess flexibility of 
PKSs toward proximal/distal functional group alterations, heteroatom replacements, and odd-numbered chain 
elongation intermediates. In numerous examples, new 12-, 14- and 16-membered ring macrocycles are 
generated, and can be further transformed into novel macrolides by glycosylation and late-stage oxidation with 
heterologous CYP450s. This biocatalytic cascade approach is enabling scalable methods for understanding PKS 
function, engineering biosynthetic enzymes and obtaining new bioactive molecules for analysis against a range 
of disease targets. 
We are also making progress in the realm of structural studies on complete modular PKSs using cryo-electron 
microscopy. Following our work on the pikromycin PikAIII (module 5) structure determined several years ago, 
we are gaining new insights from a terminal PKS module that includes KS-AT-KR-ACP-TE domains. These 
new studies are revealing a more complete understand of the dynamic forms of the mega-synthase, which is 
being probed by orthogonal analytical approaches to deepen the insights into these amazing molecular 
machines. 
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 S211   Synthetic Biology and Global Biosafety 
 

Hei Chan LEE 
Department of Pharmaceutical Biotechnology, Sun Moon University, Asan, Korea 
Corresponding Author Email : heichan@sunmoon.ac.kr 
 
Synthetic biology has evolved since the advent of recombinant DNA technology in 1970s and now become a 
hero with Nobel Prize in 2020 for pioneering CRISPR-Cas9. Great applications of biotechnology techniques to 
every aspects of human life including bioelectronics are necessary and essential parts for current world. The 
problems, however, with biotechnology techniques exist symbiotically from the birth, just like all the great 
inventions in human history. 
Research on the “gain-of-function” for highly pathogenic avian influenza virus (HPAI) 1-3 raised lot of questions 
on the benefits of public information of highly sensitive subjects. Studies on biological agents including all 
highly pathogenic and serious effects on human, animals and environments are somewhat controlled by regimes 
formulated nationally and internationally. 
For better watch and preparedness on the outbreaks such as SARS, MERS, Ebola, and so on, understanding4 on 
the biological agents must be preceded and the preparedness for the next unknown events can be more 
appropriate. 
  
Keywords : Synthetic Biology, biosafety, DURC, enabling technology, biological weapon 
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 S311   Samsung Biologics Introduction: World Leading Biologics Contract Manufacturer 
  

Kevin SHARP 
Samsung Biologics, Songdo, Korea 
Corresponding Author Email : kevin.sharp@samsung.com 
 
Samsung Biologics is a fully integrated Contract Development and Manufacturing Organization (CDMO) 
offering state-of-the-art contract development, manufacturing, and laboratory testing services. With a flawless 
regulatory approvals record, the largest capacity at a single site, and the fastest throughput, Samsung Biologics 
is an award-winning partner of choice and is uniquely able to support the development and manufacturing of 
biologics products at every stage of the process while meeting the evolving needs of biopharmaceutical 
companies worldwide. 
  
Keywords : Samsung Biologics, biologics, manufacturing, development, CMO, CDMO 
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 S312   Quality by Design Characterization of the Perfusion Culture Process for Recombinant FVIII 
  

Yong Jae KIM 
R&D Center, GC Pharma, Korea 
Corresponding Author Email : yjkim@gccorp.com 
 
A Quality by Design (QbD) concept was applied to characterize a cell culture process for production of the 
recombinant Factor VIII (rFVIII). We characterized the production bioreactor process and defined the design 
space by applying risk assessment to determine potential critical process parameters (CPPs) impacting critical 
quality attributes (CQAs). Characterization studies were subsequently performed using a qualified scaled-down 
model (SDM) and a multi-factorial design of experiment (DOE) approach to determine both the individual and 
combined impacts of the potential CPPs on CQAs. Among the operating parameters characterized, production 
temperature, production pH and a timing of production shift affected yield (rFVIII activity) and tyrosine sulfa-
tion level. Finally, I identified CPPs and established a design space for the cell culture process to identify 
appropriate conditions for routine manufacturing. 
  
Keywords : Quality By Design (QbD), Process characterization, Design space, Perfusion culture, Recombinant 
Factor VIII 
References  
1. Yong Jae Kim, Sang Hoon Paik, Sang Kyul Han, Sunggeun Lee, Yoomin Jeong, Ji-youn Kim, Chan Wha 

Kim, Quality by Design characterization of the perfusion culture process for recombinant FVIII (2019), 
Biologicals, 59, 37-46.  

 
  

10



Exploring the Upcoming Challenges in Biotechnology2020 한국생물공학회 추계학술발표대회 및 국제심포지엄: Hybrid-컨퍼런스

2020 KSBB Fall Meeting and International Symposium: Hybrid Conference

 
 
 
 
 
 
 
 

 

International Program 

11



Exploring the Upcoming Challenges in Biotechnology2020 한국생물공학회 추계학술발표대회 및 국제심포지엄: Hybrid-컨퍼런스

2020 KSBB Fall Meeting and International Symposium: Hybrid Conference

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

[S4-1] 

Recent Advances in 

Bioelectrochemical Technology for 

Energy and Environment 

12



Exploring the Upcoming Challenges in Biotechnology2020 한국생물공학회 추계학술발표대회 및 국제심포지엄: Hybrid-컨퍼런스

2020 KSBB Fall Meeting and International Symposium: Hybrid Conference

 S411   Electromicrobiology of the extreme saline-alkaline environment 

 
Sunil A. PATIL 
Department of Earth and Environmental Sciences, Indian Institute of Science Education and Research Mohali 
(IISER Mohali), Knowledge City, Sector 81, SAS Nagar, 140306, Punjab, India 
Corresponding Author Email : sunilmicro12@gmail.com 
 
Electromicrobiology pertains to the study of electroactive microorganisms from different environments. It is 
increasingly being pursued to improve the fundamental understanding of microbial extracellular electron 
transfer (EET) processes and their role in the cycling of different elements besides developing microbial 
electrochemistry-driven biotechnological applications. Exploring extreme environments for electroactive 
microorganisms is highly desirable not only to strengthen the field of Electromicrobiology but also to develop 
niche-specific bioelectrochemical applications. In this context, we have been working on electroactive micro-
organisms from a haloalkaline environment of the Lonar crater lake (India). It is the only hyper-velocity impact 
terrestrial crater in the basaltic rock on Earth caused by a meteorite crash and is characterized by high pH and 
salinity conditions. In this talk, I will present our recent work on both exoelectrogenic and electrotrophic 
haloalkaliphilic bacteria. Exoelectrogens are capable of outward EET for achieving their respiration, whereas 
electrotrophs can maintain their growth and metabolic processes using inward EET. I will cover different 
aspects, starting from the electrochemical cultivation of EET-capable microorganisms to their detailed 
characterization through various tools and techniques. 
 
Keywords : Extracellular electron transfer, Electroactive microorganisms, Exoelectrogens, Electrotrophs, 
Electrochemical cultivation, Bioelectrochemical systems  
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 S412   Extracellular Electron Transport Mechanisms by Sulfate-reducing Bacteria 
  

Akihiro OKAMOTO 
National Institute for Material Science, 1-1 Namiki, Tsukuba, Ibaraki, 305-0044, Japan 
Corresponding Author Email : okamoto.akihiro@gmail.com 
 
Anaerobic iron corrosion induced by microbial activities, termed microbially influenced corrosion (MIC), has 
been recognized for over a century. MIC within underground gas and oil pipelines, storage tanks and cooling 
water systems, negatively impacts industrial infrastructure and results in enormous economic losses. Sulfate-
reducing bacteria (SRB), which are ubiquitous on the surface of corroded materials, are recognized as the 
primary cause of MIC. While SRB are generally considered to utilize diffusive organic and gases (e.g., 
hydrogen) as the electron donors to produce corrosive hydrogen sulfide, recent studies revealed that some SRB 
can use extracellular insoluble solids (e.g., electrodes and partner microbial cells in a consortium) as electron 
donors for energy acquisition. However, the mechanism had been ambiguous for a decade, due to the difficulty 
to distinguish electron uptake reaction and hydrogen evolution on the surface of electrodes. We will summarize 
our recent progresses regarding the extracellular electron uptake mechanisms in SRB. Mechanisms of 
extracellular electron transport in SRB have been studied using electrochemical, microbiological, and bioinfor-
matic methods. Outer-membrane cytochromes [1], biosynthesized iron sulfide nanoparticles [2], and soluble 
redox mediators are proposed to mediate EEU in cells and solid surfaces. These mechanisms couple with energy 
production of SRB, and electrode serves as a sole energy source for the cellular growth [3]. We will also present 
our methodology to distinguish hydrogen and electron process by whole-cell electrochemistry, and single-cell 
activity assay to quantify the slow growth of SRB on the electrode surface [4]. We now introduce these new 
knowledges for the understanding of MIC mechanism by SRB. Given SRB are ubiquitous in anaerobic 
environments, particularly in marine sediments, and play crucial roles in the biogeochemical cycling of carbon, 
sulfur, and metals, the biosynthesis of minerals, and anaerobic metal corrosion, the mechanisms has critical 
implications in biogeological and biophysical processes, and anaerobic iron corrosion. 
  
Keywords : Microbially influenced corrosion, iron sulfide nanoparticle, outermemrbane cytochrome, electro-
chemistry, nanoscale secondary ion mass spectrometry, oxidative stress 
  

14



Exploring the Upcoming Challenges in Biotechnology2020 한국생물공학회 추계학술발표대회 및 국제심포지엄: Hybrid-컨퍼런스

2020 KSBB Fall Meeting and International Symposium: Hybrid Conference

 S413   Magnetite-mediated Direct Interspecies Electron Transfer Couples Anaerobic Sulfide Oxidation 
to Electrotrophic Methanogenesis 

 
Changsoo LEE 
Ulsan National Institute of Science and Technology (UNIST), Ulsan, Korea 
Corresponding Author Email : cslee@unist.ac.kr 
 
Direct interspecies electron transfer (DIET) between exoelectrogenic fatty acid-oxidizing bacteria and electro-
trophic methanogens is an important electron transfer pathway for the reductive conversion of CO2 to CH4 in 
anaerobic digestion (AD). Recent studies demonstrated that the methanogenic performance and stability of AD 
processes can be enhanced by adding conductive materials that serve as electrical conduits to promote DIET. 
Given the diversity of electroactive microorganisms present in anaerobic environments, it is not unlikely that 
promoting DIET can directly or indirectly influence microbial redox reactions other than methanogenesis. The 
responses of AD microbial communities to the addition of conductive materials will likely be more complex 
where competitive electron acceptors to CO2 exist in abundance. However, this possibility has not yet been 
investigated, while previous studies of DIET in AD have focused almost exclusively on accelerating methano-
genesis. To address this research gap, the effect of adding conductive magnetite (Fe3O4; 0–20 mM Fe) on the 
methanogenic performance and the fate of sulfur during the AD of a sulfur-rich waste mixture (i.e., sulfate-
reducing conditions) were studied in continuous culture. Sulfate reduction is a major electron sink competing 
with methanogenesis for common substrates (e.g., H2 and acetate) in AD processes, and its product (H2S) is 
toxic to methanogens. Interestingly, the H2S production in biogas decreased dramatically with the addition of 
magnetite (≥4mM Fe) to reach a biogas H2S content below 100 ppmv at magnetite doses of 8 mM Fe or higher, 
whereas no significant change was observed in the methanogenic performance throughout the experiment 
regardless of magnetite dose. Of note is that an extracellular accumulation of elemental sulfur (S0) occurred 
along with the reduction in H2S production under magnetite-added conditions. The results from a combination 
of physicochemical, electrochemical, microbial, and thermodynamic analyses supported that the addition of 
magnetite induced the development of an electro-syntrophic association between exoelectrogenic sulfide-
oxidizing bacteria and electrotrophic methanogens through DIET. This study is the first to suggest an electric 
syntrophy coupling the anaerobic oxidation of sulfide to S0 to the electrotrophic reduction of CO2 to CH4 in AD 
environments. The findings of this study offer a new possibility for in situ H2S removal and S0 recovery in AD 
processes. In addition, given that naturally occurring conductive minerals (e.g., metal ores) are abundant in 
nature, the suggested electric syntrophy may be a new branch of anaerobic sulfur metabolism playing a 
considerable role in the global sulfur cycle. 
 
Keywords : Anaerobic digestion, Direct interspecies electron transfer, Elemental sulfur, Magnetite, Sulfide 
oxidation 
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 S414   Scaling up Microbial Fuel Cells using Multi-Panel Cathodes 

 
Jaewook MYUNG 
Department of Civil and Environmental Engineering, KAIST, Daejeon, Korea 
Corresponding Author Email : jjaimyung@kaist.ac.kr 
 
To scale up microbial fuel cells (MFCs), larger cathodes need to be developed that can use air directly, rather 
than dissolved oxygen, and have good electrochemical performance. A new type of cathode design was 
examined here that uses a “window-pane” approach with fifteen smaller cathodes welded to a single conductive 
metal sheet to maintain good electrical conductivity across the cathode with an increase in total area. Abiotic 
electrochemical tests were conducted to evaluate the impact of the cathode size (exposed areas of 7 cm2, 33 cm2, 
and 6200 cm2) on performance for all cathodes having the same active catalyst material. Increasing the size of 
the exposed area of the electrodes to the electrolyte from 7 cm2 to 33 cm2 (a single cathode panel) decreased the 
cathode potential by 5%, and a further increase in size to 6200 cm2 using the multi-panel cathode reduced the 
electrode potential by 55% (at 0.6 A m−2), in a 50 mM phosphate buffer solution (PBS). In 85 L MFC tests with 
the largest cathode using wastewater as a fuel, the maximum power density based on polarization data was 
0.083 ± 0.006 W m−2 using 22 brush anodes to fully cover the cathode, and 0.061 ± 0.003 W m−2 with 8 brush 
anodes (40% of cathode projected area) compared to 0.304 ± 0.009 W m−2 obtained in the 28 mL MFC. Recove-
ring power from large MFCs will therefore be challenging, but several approaches identified in this study can be 
pursued to maintain performance when increasing the size of the electrodes. 
 
Keywords : Microbial fuel cells, Pilot-scale, Bioelectrochemistry, Bioelectricity, Wastewater, Exoelectrogens 
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 S421  Bio-inspired Nanotechnology-enabled Advanced Stem Cell Therapeutics for CNS Repair 

 
KiBum LEE 
Dept. of Chemistry & Chemical Biology, Rutgers University, 123 Bevier Road, Piscataway, NJ 08854-8087, USA 
Corresponding Author Email : kblee@chem.rutgers.edu 
 
This presentation will focus on the interface between nanoscience and stem cell biology.  Even though it is well 
established that stem cell fate is regulated by interactions that occur between microenvironmental cues and 
intrinsic cellular programs, our understanding of the function of the microenvironment and gene expression in 
stem cells is hampered by the limitations of conventional methods and the lack of extensive knowledge of 
multiple regulatory signals. 
      Addressing the aformentioned challenges, the goal of our recent research program is to develop both 
approaches from nanotechnology -- the “top-down” patterning of extracellular matrix (ECM) and signal 
molecules (e.g. ECM compositions, nanotopography, pattern geometry, and pattern density), and the “bottom-
up” synthesis of multifunctional nanoparticles and their surface modification with specific signal molecules, 
which can be combined synergistically. Our bottom-up approaches mainly focus on the synthesis and utilization 
of multifunctional nanoparticles as drug and gene delivery vehicles to manipulate the expression of key genes in 
stem cells and somatic cells for cellular reprogramming. For example, we recently developed combinatorial 
nanoarrays of hybrid nanostructures using chemically modified graphenes and Biodegradable Hybrid Nano-
scaffolds (BHI), which were further utilized to deliver genetic materials into stem cells for controlling their 
neural-differentiation pathways and neuronal behaviors in vitro and in vivo. 
       In this presentation, a summary of the most updated results from these efforts and future directions will be 
discussed.                                              
 
Acknowledgements: The presenter would like to acknowledge KBLEE group members and collaborators. 
http://kblee.rutgers.edu/ 
Keywords : Bio-inspired Hybrid Nanomaterials, Stem Cell Therapeutics, CNS repair 
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 S422   Microfluidic stem cell engineering platform for cancer behavior analysis 
  

Hyeon-Yeol CHO 
Deptartment of Bio & Fermentation Convergence Technology, Kookmin University, Seoul, Korea 
Corresponding Author Email : chohy@kookmin.ac.kr 
 
The importance of the precise analysis of cancer metastasis, which is one of the most significant causes of 
cancer-related death, has been emerged for the observation of the cancer cell behaviors, such as cell migration, 
invasion, and colonization. Circulating cancer stem cells (CCSCs), a rare circulating tumor cell (CTC) type, 
recently attracted attention as a major resource for monitoring and characterizing their metastatic derivatives. 
However, due to the complexity of the phenotype confirmation and the scarcity of CCSCs among hematopoietic 
cells, CCSC research was very challenging. To overcome these limitations, we develop a microfluidic device for 
CCSC characterization with a multiplexing Raman imaging system. The Raman-active nanoprobes were 
successfully detected and classified the CCSCs and CTCs with their distinctive Raman signals. In the micro-
fluidic system, the effects of tumor microenvironments-mediated cancer cell engineering on the targetability of 
drug delivery vehicles were also confirmed. The inflammatory cytokine (Interleukin 6, IL-6) enables engineer 
cancer cells through epithelial to mesenchymal transition (EMT). After the EMT process, cancer cells showed a 
decrease of epithelial surface markers which were utilized as surface markers for targeted drug delivery. It 
directly interrupted the antibody-mediated drug delivery. In this regard, microfluidic-mediated engineered 
mesenchymal stem cells showed dramatic improvement in anti-cancer drug delivery. Taken together, these 
microfluidic system-based cell engineering platforms can provide essential information on both the metastasis 
process and therapeutic application for cancer treatment. 
 
Keywords : Microfluidic, Stem cell engineering, Metastasis, Drug delivery 
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 S423   Cellular Microenvironments for Mechanobiology in Tissue Engineering 

 
Michiya MATSUSAKI 
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In vitro replication of three dimensional (3D)-tissues is a topic of high interest in the fields of regenerative 
medicine and pharmaceutical assessment as an implantable tissue and 3D-human tissue model, respectively. 
Despite the recent achievement in biomaterial science and tissue engineering, there still remains a challenge to 
engineer cell microenvironments due to the complexity of the biological systems. Among the complex system, 
one of the key issues to be tackled in management of cell microenvironments for control cell functions. To this 
end, here we will discuss about biomaterial science and technology in management of cell microenvironments. 
In particular, modulating stiffness and extracellular matrix (ECM) density of cell surrounding microenviron-
ments in 3D-tissues using biomaterials will be introduced as a key methodology. 
In previous study, we reported a simple bottom-up approach, "cell-accumulation technique" using nanometer-
sized Layer-by-Layer (LbL) films consisting of fibronectin and gelatin (FN-G) as a nano-extracellular matrix 
(nano-ECM) for modulation of cell microenvironments1. The FN-G nanofilms were prepared directly on the cell 
surface, and thus they acted as a nano-scaffold to induce cell-cell interaction for construction of three dimen-
sional (3D)-tissues2. We recently demonstrated cell compartmentalization in complex 3D-tissues using artificial 
basement membrane (A-BM) consisting of collagen VI and laminin by LbL assembly. The nanometer-sized A-
BM constructed on cell surfaces prohibited cell migration of both mesenchymal and endothelial cells in 3D-
tissues same as native BMs, suggested that it will be useful as a new technology for cell compartmentalization in 
tissue engineering3. 
To control elastic modulus and density of ECM in 3D tissues, we recently reported a unique tissue engineering 
approach, “sedimentary culture”, using collagen microfibers (CMF) leading to a large-scale engineered tissue 
with high collagen density, similar to in vivo connective tissues4-6. The millimeter-sized engineered stromal 
tissues with high collagen density were easily obtained by centrifugation and subsequent cultivation because the 
CMF acted as a micrometer-sized scaffold with high elastic modulus6. This method will be a fundamental 
technology for fabrication of wholly vascularized millimeter-sized tissues. 
These technologies to modulate cell microenvironments will open a new way to manage the cell function and 
stem cell differentiation at a molecular level and eventually lead to realize cell interactive biomaterials for 
mechanobiology in tissue engineering and regenerative medicine. 
 
Keywords : Cell microenvironment, Mechanobiology, 3D-tissue, Tissue engineering 
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 S424   Nanometal-based Bioactuator with Enhanced Actuation Performance for Biohybrid Robot 

 
Jeong-Woo CHOI 
Department of Chemical & Biomolecular Engineering, Sogang University, Seoul, Korea 
Corresponding Author Email : jwchoi@sogang.ac.kr 
 
Biohybrid robot has been developed due to its application possibility to the industrial robot and medical robot. 
The enhancement of bioactuator force has been needed since up to now the movement of biohybrid robot by 
bioactuator is too weak for the real applications. In this study, to increase the performance, MoS2 nanosheet 
based biohybrid actuator and hyaluronic acid-gold nanoparticle (HA-AuNPs) based biohybrid actuator were 
developed for biohybrid robot. Bioactuator composed of muscle cells/MoS2 nanosheet showed high actuation 
performance since MoS2 nanosheet augmented the motion of muscle cells. And HA-AuNPs were incorporated 
with a muscle cell bundle to construct the bioactuator used to fabricate the simple biohybrid robot with linear 
movement by electrical stimulation. HA-AuNPs enhanced the actuation performance of the muscle cell bundle, 
which increased the movement speed of the biohybrid robot. These proposed bioactuators can be applied to 
construct the biohybrid robot with motion control by sensing function.  
** This research was supported by the National Research Foundation of Korea (NRF) grant funded by the Korea 
government (MSIT) (No.2019R1A2C3002300) 
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 S425   Microengineered Biomimicry of Human Physiological Systems 
  

Dongeun HUH 
Department of Bioengineering, University of Pennsylvania, Philadelphia, PA, USA 
Corresponding Author Email : huhd@seas.upenn.edu 
 
Remarkable progress in life science and technology in the past century has advanced our fundamental 
understanding of the human body beyond our imagination. The ever-increasing knowledge of human anatomy 
and biology, however, has done surprisingly little to improve the way we emulate and probe the complex inner 
workings of the human body. Even today, our ability to model human physiological systems relies on the 
century-old practice of cell culture or animal experimentation that has raised significant scientific and ethical 
concerns. The paucity of predictive and human-relevant model systems is emerging as a critical impediment to 
our scientific endeavors for a wide variety of biomedical applications. This talk will present interdisciplinary 
research efforts in my laboratory to develop microengineered in vitro models that can emulate the structural and 
functional complexity of human organs. Specifically, I will talk about i) bioinspired microsystems that mimic 
the alveoli and airways of the human lung during health and disease, ii) microengineering of vascularized and 
perfusable 3D human tissues, iii) a blinking eye-on-a-chip microdevice that emulates the ocular surface of the 
human eye, and iv) microengineered physiological models of human reproductive organs.   
  
Keywords : Organ-on-a-chip, microphysiological systems, microfluidics, physiology 
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 S426   An Engineered Neurovascular Unit for Modeling Neuroinflammation 

 
Suyeong SEO, Chihoon CHOI, Kyung Sik LEE, Seung U. KIM, Kangwon LEE, Nakwon CHOI, Hong Jun 
LEE, Sang-Hoon CHA, Hong Nam KIM 
Korea Institute of Science and Technology (KIST), Seoul, Korea 
Corresponding Author Email : nakwon.choi@kist.re.kr 
 
The neurovascular unit (NVU) is composed of multiple cell types in the brain, including brain endothelial cells, 
astrocytes, pericytes, neurons, microglia, and oligodendrocytes. Each cell type is known to contribute to the 
maintenance of the molecular transport barrier and homeostasis of brain tissue. Since several disorders or 
diseases in the central nervous system (CNS) such as neuroinflammation, stroke, Alzheimer’s disease, stroke, 
and multiple sclerosis (MS) have been associated with the dysfunction of the NVU, emerging demands have 
been growing for the development of NVU models in vitro. Here, we present a three-dimensional (3D) human 
cell-based NVU model by co-culturing seven different types of cells in a collagen matrix with brain 
microvasculature embedded. By surrounding a perfusable brain endothelium with six types of the NVU-
composing cells, we demonstrate a significant impact of the 3D co-culture on the maturation of the barrier 
function, also supported by cytokines secreted from the NVU-composing cells. Furthermore, the NVU-
composing cells alleviated inflammatory responses caused by lipopolysaccharide (LPS). Our human NVU 
model in vitro could serve as an enabling platform for elucidating both physiological and pathological 
mechanisms in the human brain and also evaluating safety and efficacy in the context of high-content analysis 
during the process of drug development. 
  
Keywords : neurovascular unit (NVU), tissues/organs-on-chips, 3D co-culture, inflammation 
  

23



Exploring the Upcoming Challenges in Biotechnology2020 한국생물공학회 추계학술발표대회 및 국제심포지엄: Hybrid-컨퍼런스

2020 KSBB Fall Meeting and International Symposium: Hybrid Conference

 S427   Base technologies for Cell Engineering and Organ Chip 

 
Kidong PARK 
Division of Electrical and Computer Engineering, Louisiana State University, Baton Rouge, Louisiana, 70803, U.S.A. 
Corresponding Author Email : kidongp@lsu.edu 
 
With recent advances in biotechnologies, cells are being used to produce valuable biopharmaceutics [1], to cure 
cancers [2], and to accelerate drug discoveries [3]. For instance, trillions of genetically modified cells are being 
used to produce monoclonal antibodies and protein therapeutics. Billions of CAR (chimeric antigen receptor) T 
cells are injected into patients to kill cancer cells. In these applications, it is essential to have a reliable and 
efficient platform to culture mammalian cells in a large scale. Currently, suspension culture with stirred tank 
bioreactors are widely used to produce over billions to trillions of mammalian cells. However, scaling up the 
suspension culture with a stirred tank bioreactor is challenging and time consuming due to its inherent 
limitations [4]. My group has developed two novel platforms for large-scale cell culture, Hollow Microcarrier 
(HMC) [5] and Rolled Scaffold (RS) [6], both of which are to overcome the limitations in the stirred tank 
bioreactors. In this talk, I will discuss the design principles, operation procedures, and experimental approaches 
of these two platforms, as well as my recent efforts to scale up HMC and RS bioreactors. 
  
Keywords : Large-scale cell culture, adherent culture, mammalian cells 
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 S428   Gut-axis-on-a-chip for Disease Modeling and Drug Screening 

 
Jong Hwan SUNG1, Donghyun KIM2 
1Department of Chemical Engineering, Hongik University, Seoul, Korea, 2School of Electrical and Electronic 
Engineering, Yonsei University, Seoul, Korea 
Corresponding Author Email : jhsung22@hongik.ac.kr 
 
Due to the difficulty of directly testing animal or human subjects, cell-based in vitro model systems are widely 
used in pharmaceutical industry. However, currently available in vitro systems are far from a faithful repro-
duction of an organism. In particular, current cell-based in vitro models are not suitable to model complex 
interactions between multiple organs. Recently, interaction of the gut with other organs including the brain, 
liver, skin, etc., has drawn attention as these interactions play crucial roles in maintaining the health and 
progression of diseases. Combination of microscale technology, mathematical modeling, and biomaterials can 
contribute to developing an in vitro system that mimics the human body better. Here, we introduce microfluidic 
organ-on-a-chip devices for mimicking the interactions of the gut with other organs and demonstrate recapi-
tulation of organ-organ interaction using such systems. Organ-on-a-chip devices can be useful platforms for 
drug screening and disease modeling. 
  
Keywords : Organ-on-a-chip, disease models, PK-PD model 
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 S431   Data Science with Genetic Information for Precision Medicine (COVID-19 Pandemic) 
- Next Generation Sequencing 

 
Keun-Joon Park, Ph.D. 
Thermo Fisher Scientific, Seoul 06349, Korea 
Corresponding Author Email : keun-joon.park@thermofisher.com 
 
2015년 오바마 대통령의 선언으로 유명해진 정밀의료(Precision Medicine)는 각 개인에 맞추어 세분화된 의료 
서비스를 제공하자는 개념인데, 그 중심에는 유전정보 분석이 있다. 어떤 개인의 구체적인 정보 중에서 객관적으로 
측정, 분석, 비교할 수 있는 빅데이터가 DNA 유전정보이기 때문이며, 최근 차세대 시퀀싱(Next Generation Sequencing)과 
컴퓨팅 파워, 바이오인포메틱스(bioinformatics)의 발전으로 유전정보 기반의 정밀의료는 더 이상 연구 영역만이 
아니라 현실세계 영역으로 들어온 것이다. 실질적인 성과를 낼 수 있는 부분은 상대적으로 유전정보 영향이 큰 유전 
질환과 암 분야이며, 따라서 이러한 분야에 적용된 정밀의료 동향을 정리해 보았다. 그리고 데이터 분석에서 
bioinformatics가 사용되는 과정도 NGS 데이터 분석 흐름으로 살펴볼 수 있다. 
2020년 현재는 전 세계가 코로나19로 고통받고 있으며, 감염사태에 대해 분자생물학 관점에서 다양한 대응이 
이루어지고 있는 점도 추가하였다. 코로나19 검사에서는 Real-Time PCR 기반의 솔루션이 적용되며, 코로나19 
바이러스의 정체를 밝히고, 진화 과정을 실시간으로 분석하며, 감염자와 환경에서의 추적, 역학 조사에서 NGS (Next 
Generation Sequencing)가 활약하는 모습을 소개한다. 마지막은 최근 미생물의 대표적인 NGS 데이터 분석의 하나로 
떠오른 마이크로바이옴(microbiome) 분석 과정을 살펴보고, 이제는 단순한 생물학 실험이나 연구가 아니라, NGS 
기반의 빅데이터를 다루는 인공지능, 기계학습 등도 함께 살펴볼 수 있는 인재가 요구되고 있다는 점을 강조했다. 

 
Keywords : Next Generation Sequencing, COVID-19, Precision Medicine, Bioinformatics, Real-Time PCR, 
Microbiome 
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 S432   Medical Data Analysis using Artificial Intelligence 
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Artificial intelligence (AI) technology is widely being adopted in medical field. Due to that there are several 
kinds of data in medical field (from structured data to free text, image, signal, etc.) diverse approaches have 
been made to discover clinically meaningful information from medical data. Large amount of data which has 
been stored in electronic medical records from daily practice is opportunity, but complexity and uncertainty 
which is characteristic of medicine is challenging point to develop medical AI model. With this background, this 
lecture will cover following topics: 
  
Keywords : Artificial intelligence, Medicine, Big data 
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 S433   Development of assay system for measurement of sepsis diagnostic novel biomarker, WRS 
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Corresponding Author Email : beasumi@jw-bioscience.co.kr 
 
Sepsis is common condition with high mortality. For rapidly and accurately diagnosis sepsis, novel biomakers 
are needed. Previous reports suggest that levels of Tryptophanyl tRNA synthetase (WRS) are significantly 
increased in the blood of patient with sepsis. For sepsis diagnosis, we developd a sensitive, quantitative, and 
highly specific assay to measure WRS. Sensitive monoclonal antibodies for targeting WRS were discovered by 
antibody phage display and mouse hybridoma technology. Two unique antibodies were selected for WRS 
detection. Through assay development and optimization, the linearity in the range of ELISA was 0. 625 – 15 
ng/ml, and recovery rate of the control was 95~105% in a working range. The precision of the intra- and inter-
assay was CVs < 10%.We evaluated its performance using human serum samples and demonstrated that it is 
useful not only for early detection of sepsis but also for mortality prediction in critically ill patients. Now, we 
are developing a fully integrated, instrument-free, low-cost and portable POC platform which integrates the 
process of ELISA. 
  
Keywords : Sepsis, Novel biomrker, Tryptophanyl tRNA synthetase (WRS), Point of care technology  
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 S434   Prediction and diagnosis of sepsis using artificial intelligence technology 

 
Jiyoung YOON 
Daegu-Gyeongbuk Medical Innovation Foundation, Daegu 41061, Korea 
Corresponding Author Email : jyyoon@dgmif.re.kr 
 
Sepsis is a life-threatening condition that arises when the body's response to infection causes injury to its tissues 
and organs. Sepsis happens when an infection you already have in your skin, lungs, urinary tract, or somewhere 
else triggers a chain reaction throughout your body.  Without timely treatment, sepsis can rapidly lead to tissue 
damage, organ failure, and death. Diagnosis of sepsis uses factors such as fever, low blood pressure, increased 
heart rate, and difficulty breathing. Doctors also perform lab tests that check for signs of infection or organ 
damage. Doctors also perform specific tests to identify the germ that caused the infection that led to sepsis. This 
testing might include blood cultures looking for bacterial infections, or tests for viral infections, like COVID-19 
or influenza. 
The risk of dying increases if people with sepsis are not treated quickly. So early diagnosis and prompt 
interventions are associated with better outcomes. To detect a patient's onset of sepsis early, doctors use scoring 
methods such as SIRS, MEWS, and SOFA. The scoring methods for sepsis identification calculate the score by 
checking the patient's vital signs, white blood cells, organ damage, and level of consciousness. However, sepsis 
scoring methods are overly sensitive to identify potential patients as early as possible. Many researchers are still 
working on improving the sensitivity and specificity for diagnosing sepsis. 
Artificial intelligence (AI), sometimes called machine intelligence, is intelligence demonstrated by machines, 
unlike the natural intelligence displayed by humans and animals. To detect sepsis early on, we use AI 
technology. Like the sepsis scoring method, the vital signs of inpatients are monitored and the changes in vital 
signs are learned with artificial intelligence technology to detect sepsis. We collected sepsis patient data from 
public medical data MIMIC3 and trained it on artificial intelligence. The data used for artificial intelligence 
learning are temperature, respiration, blood pressure, oxygen saturation, and heart rate that can be collected 
periodically in the intensive care unit. As a result of the experiment, the onset of sepsis and prediction of sepsis 
were more accurate than the sepsis scoring methods. 
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 S441   Specific antigen assay to assist diagnosis of SARS-CoV-2 infection 

 
Dong MEN1 
1State Key Laboratory of Virology, Wuhan Institute of Virology, Center for Biosafety Mega-Science, Chinese 
Academy of Sciences, Wuhan, 430071, China., 2National Laboratory of Biomacromolecules, CAS Center for 
Excellence in Biomacromolecules, Institute of Biophysics, Chinese Academy of Sciences, Beijing, 100101, China. 
Corresponding Author Email : d.men@wh.iov.cn 
 
Since its emergence, COVID-19 devastatingly affected the whole world, almost every norm of life facing 
COVID-19 repercussions. From the very first day, there is a requirement for developing rapid and alternative 
ways of SARS-CoV-2 detection besides conventional diagnosis methods. The accurate and timely diagnosis 
ensures appropriate patient care and assists the identification of SARS-CoV-2 infected people. Aiming to assist 
accurate SARS-CoV-2 detection, a lateral flow immunoassay for nucleocapsid protein (N protein) of SARS-
CoV-2 detection method was developed by us. During the SARS-CoV-2 epidemic, the N protein detection strip 
was successfully applied as an auxiliary diagnostic assay in the screening of the large-scale population and 
capably overcome the shortcomings of insufficient nucleic acid detection efficiency. Particularly for COVID-19 
due to its longer incubation period and asymptomatic cases, our current analytical assay performance found 
excellent as compare to other conventional assays. Where nucleic acid detection approaches resulted in excee-
ding the number of false-negative detection. Based on our current findings of specific antigen assay can further 
play a crucial role as a supplementary diagnosis strategy. After further analytical enhancement to overcome 
some limitations, the N protein detection can be a promising tool for clinical application. 
 
Keywords : COVID-19, SARS-CoV-2, lateral flow immunoassay, nucleocapsid protein (N protein) detection 
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 S442   Thailand Biotechnology: Research Challenges and Global Collaboration Opportunities in 
COVID-19 Crisis 

 
Adisak ROMSANG1,2,3, Penjit SRINOPHAKUN1 
1Thai Society for Biotechnology, BIOTEC, NSTDA, Pathum Thani, Thailand, 2Department of Biotechnology, 
Faculty of Science, Mahidol University, Bangkok, Thailand, 3Center for Emerging Bacterial Infections, Faculty of 
Science, Mahidol University, Bangkok, Thailand 
Corresponding Author Email : adisak.rom@mahidol.edu 
 
SARS-CoV2 is a new virus responsible for an outbreak of respiratory illness known as COVID-19, which has 
spread to several countries around the world. The first cases of COVID-19 outside of China were identified on 
January 13 in Thailand. Due to a pandemic over global of COVID-19 outbreak as well as an increasing number 
of infected active cases in Thailand during March to May, 2020. The Thai public health system is very efficient 
to control the pandemic in the level of no active case from June until now. Under coronavirus contagion, Thai 
scientists from both academic and industrial sectors build up several collaborative research project to create and 
innovate several applications related to the coronavirus prevention, diagnosis and treatment. Ministry of Higher 
Education, Science, Research and Innovation (MHESI) called for COVID-19 related research proposals and 
provided the funding. First, the development of diagnostics kits is undergoing on the research with several 
scientific strategies and novel leading technology including RT-LAMP and CRISPR-CAS applications. For 
example, a Cas13-based assay for the detection of SARS-CoV-2 RNA was validated in Vidyasirimedhi Institute 
of Science and Technology (VISTEC) together with their collaborations, and reported in the Nature Biomedical 
Engineering journal. Now is in the production phase. Another detection kit by the Mahidol University research 
team led by the Faculty of Medicine at Ramathibodi Hospital (MURA) was success in the development of the 
country's first saliva-based COVID-19 test kit, and are developing a quick COVID-19 detection kit using 
colorimetric RT-LAMP technology in the collaboration with the biotechnologist’s start up Zenotic and the 
supports from Department of Biotechnology, the Faculty of Science, Mahidol University (MUSC). This could 
help reduce the cost of test kits. Next, the Thailand Center of Excellence for Life Sciences (TCELS) under the 
MHESI, in partnership with the MUSC and the MURA, have announced that the active compounds found in 
fingerroot or Chinese ginger is effective in the fight against Coronavirus or COVID-19. The collaborative 
platform is comprised of the MUSC faculties including a virology laboratory based on Bio Safety Standard 
Level 3 for isolation of SARS-CoV2 and the Excellence Center for Drug Discovery (ECDD), which is equipped 
with storage for natural extracts as well as High-Throughput Screening technology. Many Thai researchers in 
the field of medical biotechnology are working hard to utilize an existing platform for research to detect, to 
protect, and to screen the active compounds as a potential for inhibiting the SAR-CoV-2. In addition, we are 
developing strategies and drugs as an alternative medicine and be prepared for a further outbreak in the future. 
Moreover, COVID-19 also drives a significant acceleration of novel disruptive technologies and impacts on 
innovations for the new normal around the world. In Thailand, biotechnology becomes the top highest impact 
for science, technology and innovation to drive the country in all strands. Anyone wishing to take part in 
collaborating or supporting the research for detection assay, vaccine and drug development to prevent COVID-
19, extending to all aspects under COVID-19 crisis, is warmly invited through the organization of AFOB branch 
in Thailand and the Thai Society for Biotechnology (TSB). 
 
Keywords : AFOB, biotechnology, Cas13, COVID-19, ECDD, MHESI, MURA, MUSC, RT-LAMP, SARS-
CoV2, TCELS, Thai Society for Biotechnology, VISTEC 
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 S443  Molecular Interaction Analysis of Indonesian and Thailand Traditional Medicine Compounds 
with SARS-CoV-2 Main Protease, ACE-2, and PAK-1 as Preliminary Study for COVID-19 Drug Discovery 

 
Muhamad SAHLAN1, Apriliana Cahya KHAYRANI1, Safira Candra ASIH1, Rafidha IRDIANI1, Darin 
FLAMANDITA1, Diah Kartika PRATAMI2, Kenny LISCHER1, Reza ADITAMA3 
1 Department of Chemical Engineering, Faculty of Engineering, Universitas Indonesia, Depok, West,  
2Lab of Pharmacognosy and Phytochemistry, Faculty of Pharmacy, Pancasila University, 12640,  
3Department of Chemistry, Bandung Institute of Technology, Jalan Ganesha no 10 Bandung, 40132, 
Corresponding Author Email : sahlan@che.ui.ac.id 
 
Coronavirus disease 2019 (COVID-19), a respiratory disease caused by severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2), is a global health concern, as the World Health Organization declared this 
outbreak to be a global pandemic in March 2020. The need for an effective treatment is urgent because the 
development of an effective vaccine may take years given the complexity of the virus and its rapid mutation. 
The promising protein treatment targets for COVID-19 are SARS-CoV-2 main protease (Mpro), Angiotensin 
Converting Enzyme-2 (ACE-2), and P21 Activated Kinase-1 (PAK-1). Thus, this study examined whether 
Sulawesi propolis produced by Tetragonula aff. biroi and Thailand traditional medicine compounds inhibit the 
enzymatic activity of those 3 protein targets. The results illustrated that in propolis, glyasperin A and 
broussoflavonol F, are potential drug candidates for COVID-19 based on their binding affinity of -7.8 kcal/mol 
and their ability to interact with His41 and Cys145 as catalytic sites. Both compounds also displayed favorable 
interaction profiles with Mpro with binding similarities compared to inhibitor 13b as positive control 63% and 
75% respectively. While in Thailand traditional medicine compounds, Panduratin A is the most potent with their 
binding affinity -6.4, -9.6, and -7.4 kcal/mol into Mpro, ACE-2, and PAK-1 respectively. Panduratin A also has 
stronger binding the catalytic sites of the protein compare to its natural inhibitor as positive control. Further-
more, it also has binding similarities to those proteins more than 46%. 
 
Keywords : COVID-19, Molecular Docking, Potent Inhibitor, SARS-CoV-2 Main Protease, ACE-2, PAK-1, 
Sulawesi Propolis, Thailand Traditional Medicine  
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 S444   Methods for the Molecular Diagnosis of COVID-19 Infection 

 
Yuh-Shyong YANG 
National Chiao Tung University, Hsinchu 50030, Taiwan 
Corresponding Author Email : ysyang@mail.nctu.edu.tw 
 
Efficient identification of the status of the infection by SARS-CoV-2 has been one of the most important tasks 
to facilitate all the following counter measurements in dealing with the infectious disease. This is important to 
prevent the spread of the virus, determine how one may be safely to travel and go to work, and how the patient 
can be properly treated. However, there may not be a single solution to meet all the demands. In this 
presentation, I will briefly discuss the potential targets and the methods for the diagnosis of COVID-19 infection 
and their recent developments. Current commercial products for the diagnosis of COVID-19 infection will also 
be outlined and discussed. Finally, I will comment on the un-met needs and the future prospect on method 
development, such as immunity passport for travelers, affordable diagnostic methods for poor area and multi-
plexing for diseases with similar symptoms. 
 
Keywords : coronavirus, COVID-19, molecular testing, SARS-CoV-2 
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 S445   Loop Mediated Isothermal Amplification (LAMP) Assays as a Rapid Diagnostic for COVID-19 

 
Ji-Young AHN 
Department of Microbiology, Chungbuk National University, Cheongju, Korea 
Corresponding Author Email : jyahn@chungbuk.ac.kr 
 
An ongoing theme of the COVID-19 pandemic is the need for widespread availability of accurate and efficient 
diagnostic testing for detection of SARS-CoV-2 and antiviral antibodies in infected individuals. We describe 
MERS-CoV/SARS-CoV-1 LAMP techniques and preliminary tests for SARS-CoV-2 diagnosis. Most tests for 
early detection of SARS-CoV-2 RNA rely on the reverse transcription-polymerase chain reaction, but 
isothermal nucleic acid amplification assays are promising alternatives. We also provide an overview of current 
development in COVID-19 diagnostic techniques and products to facilitate future improvement and innovation. 
  
Keywords : LAMP, Tropical Viruses, COVID-19, Real time-PCR 
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 S511   Smart Wearable Devices for Optogenetic Cellular Applications 

 
Sei Kwang HAHN, Geon-Hui LEE, Su-Kyoung KIM 
Department of Materials Science and Engineering, Pohang University of Science and Technology (POSTECH), 
Pohang, Korea 
Corresponding Author Email : skhanb@postech.ac.kr 
 
We developed smart contact lens and smart wearable devices for both continuous diabetic monitoring and 
diabetic retinopathy therapy. Smart contact lens could measure tear glucose levels as a non-invasive alternative 
to the conventional blood glucose tests and deliver drugs from gold coated reservoirs for the treatment of 
diabetic retinopathy. On the basis of these results, we also developed a smart wearable device for highly 
sensitive glucose monitoring in sweat for clinically feasible diabetic diagnosis. A blue-tooth system could send 
data wirelessly allowing patients to check their diabetic diagnosis results on the mobile phones. Furthermore, we 
developed cellintegrated poly(ethylene glycol) hydrogels for in vivo optogenetic sensing and therapy. Real-time 
optical readout of encapsulated heatshock-protein-coupled fluorescent reporter cells made it possible to measure 
the nanotoxicity of cadmium-based quantum dots in vivo. Using optogenetic cells producing glucagon-like 
peptide-1, we performed light-controlled therapy and obtained improved glucose homeostasis in diabetic model 
mice. Taken together, we are currently working for the development of smart wearable devices for optogenetic 
cellular engineering for diagnostic and therapeutic applications. This presentation will give you the current-
state-of-the-art technology for smart optogenetic wearable devices. 
 
Keywords : Wearable device, Bioengineered cells, Optogenetics 
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 S512   Biomedical Applications of Stimuli Responsive Nanoparticles 

 
In-Kyu PARK 
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Corresponding Author Email : pik96@jnu.ac.kr 
 
Hydrogen peroxide are most potent reactive oxygen species (ROS) linked with major diseases such as cancer, 
and inflammatory diseases. In case of cancer, H2O2 produced during hypoxic condition in the tumor supports the 
cancerous cells to proliferate and metastasize to other organs. Hence, the H2O2 could be the possible therapeutic 
target for subsidizing the inflammatory and cancerous condition. Here, we developed a manganese dioxide 
based albumin nanoparticle self-assembled with cationic polymers and forming stable nanoassembly for 
mitigating LPS induced inflammation in mice model. And also, manganese dioxide based albumin nanoparticle 
were incorporated in an hydrogel and were used for photothermal-immunotherapy in breast cancer tumor mice 
model. Our results demonstrated that nanoassembly exhibited low cytotoxicity and remarkable scavenging of 
H2O2 in LPS induced macrophage cells as well as in locally inflamed paw site of mice. In systemic inflame-
mation, nanoassembly reduced the secretion of proinflammatory cytokines like TNF-α and IL-6 and therefore 
led to prevention of inflammatory microglial mediated neuroinflammation. 
In cancer photo-immunotherapy application, hydrogel loaded manganese dioxide based albumin nanoparticle 
were used along with adjuvants. Here, photothermal mediated tumor reduction in 4T1 breast cancer tumor upon 
near-infrared (NIR) laser irradiation were significant compared to control treatment. The splenocytes activation 
assay results showed the photothermal irradiation on hydrogel loaded albumin manganese dioxide nanoparticle 
treated tumor mice showed higher 4T1 cell lysis than that without laser irradiation. Furthermore, the manganese 
dioxide reduced hypoxia in the tumor, that leads to prevention of epithelial to mesenchymal transition (EMT). 
Overall, manganese dioxide based albumin nanoparticles showed great potential for photothermal mediated anti-
cancer therapy as well as in mitigating LPS induced inflammation. Therefore, this nanoparticle could be 
beneficial for future clinical applications. 
 
Keywords : Hypoxia, tumor microenvironment, stimuli sensitive 
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 S513   Cartoon Candy-based Platform Technology for Biomedical Applications 
  

Hak-Joon SUNG 
Yonsei University of College of Medicine, Seoul 06130, Korea 
Corresponding Author Email : hj72sung@yuhs.ac 
 
This talk will present how to engineer perfusable vascular network using Catton candy machine. This template 
is designed to enable anastomosis between the synthetic networks and host blood vessels through structural 
guidance and angiogenesis, thereby aiding regeneration of largely damaged tissues from combat wounding and 
traffic accidents through patch-formatted implantation. In addition, the vascular chip format can be applied to 
3D culture of organoid as a reliable platform for a liver or tumor-on-a-chip. The potential utility of this 3D 
organoid culture for disease modeling, drug screening, and mechanism study will be demonstrated with a focus 
on the following two parts.  
 
Angiogenesis induction into damaged sites has long been an unresolved issue. Local treatment with pro-angio-
genic molecules has been the most common approach. However, this approach has critical side effects including 
inflammatory coupling, tumorous vascular activation, and off-target circulation. Here, the concept that a 
structure can guide desirable biological function was applied to physically engineer three-dimensional channel 
networks in implant sites, without any therapeutic treatment. Microchannel networks were generated in a gelatin 
hydrogel to overcome the diffusion limit of nutrients and oxygen three-dimensionally. Hydrogel implantation in 
mouse and porcine models of hindlimb ischemia rescued severely damaged tissues by anastomotic microchannel 
perfusion with neighbouring host vessels. This effect was guided by microchannel size-specific regenerative 
macrophage polarization with the consequent functional recovery of endothelial cells. Multiple-site implantation 
revealed hypoxia and neighbouring vessels as major causative factors of the beneficial function. This technique 
will contribute to the development of therapeutics for hypoxia/inflammatory-related diseases. 
  
Artificial liver models have been extensively developed for pathological modeling and toxicological studies. 
However, the prediction of existing in vitro liver models rarely corresponds to what is consequently observed in 
vivo, owing to the structural and functional complexity of the liver. Here, we developed a new liver model 
designed to enable the implantation and maintenance of liver buds in perfusable 3D hydrogels where a 
microvascular network develops within a 200 μm diffusion limit. This system replicated inflammation, lipid 
accumulation and fibrosis during the progressive processes of nonalcoholic fatty liver disease (NAFLD), in 
which our model predicted the results from a mouse model. Our model revealed that a hepatic steatosis-reducing 
drug restored mitochondrial activities with significant reduction of inflammation, oxidative stress, and lipid 
accumulation. This liver model is not only highly predictive but also scalable and easy to apply to high-
throughput drug screening and implantation studies, suggesting a promising alternative to animal models. 
   
Keywords : Perfusable vascular network, Cotton candy, chip, organ, implantation  
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 S514   Biomaterials for Reprogramming and Organoid Engineering 

 
Seung-Woo CHO 
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Corresponding Author Email : seungwoocho@yonsei.ac.kr 
 
Reprogramming has been highlighted for the generation of tissue-specific cell types for therapeutic application 
and drug development. Recent studies have demonstrated that defined combinations of factors can directly 
reprogram terminally differentiated somatic cells into another lineage without passing through a pluripotent 
stem cell-like state. However, low efficiency in conversion process still remains a major challenge. Thus, we 
developed tissue-specific biomaterials for promoting direct reprogramming to neuronal or hepatic cells. 
Hydrogels based on natural tissue-derived extracellular matrix to reconstitute tissue-specific microenvironments 
were applied for improving the efficiency of non-viral direct reprogramming of fibroblasts to induced functional 
neuronal or hepatic cells. The induced neuronal cells displayed mature neuronal phenotypes and neuron-like 
electrophysiological features. Importantly, transplantation of induced neuronal cells produced with our hydrogel 
platforms showed significantly improved therapeutic efficacy for the treatment of ischemic stroke. Induced 
hepatic cells produced by liver tissue-derived hydrogel successfully generated functional liver organoids which 
could be used as a drug testing platform. The hydrogels reported herein would be able to provide highly 
effective, tissue-specific biomaterial platforms for improving reprogramming and organoid technology. 
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 S521   Organs-On-Chips for Alternative Approaches to Animal Testing 
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Approximating organs are less complex than a whole organ but more representative than clusters of cells in 
culture, organoids are composed of specific cell types that self-organize and recapitulate various aspects of 
organogenesis. However, organs in a dish only approximate the real thing. Organs-on-chips which are 
engineered biological constructs can then more closely approximate nature’s form and function. As one of the 
approximating organs, 3D skin equivalents cocultured from human fibroblast and keratinocyte by pumpless 
skin-on-a-chip system. The skin side effects of sorafenib (a neovascular blocker) were reproduced and the 
antiaging effectiveness of Curcuma longa leaf extract (a natural product cosmetic ingredient) was evaluated. 
Also, 3D wrinkled skin equivalent model was fabricated by uniaxially stretchable skin-on-a-chip system. This 
model can be used to examine skin aging and as an in vitro tool to evaluate the efficacy of anti-wrinkle 
cosmetics and medicines. In this talk, I will present recent organs-on-chips technologies for alternative 
approaches to animal testing and improvements in the skin-on-a-chip. 
 
Keywords : Organs-on-chips, Skin-on-a-chip, Alternative approaches to animal testing, Aged skin model, 
Wrinkled skin model, Atopic dermatitis model 
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 S522   Diabetes and Bacterial Infection on Organ on a Chip 

 
Sungsu PARK 
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Corresponding Author Email : nanopark@skku.edu 
 
Microfluidic devices have the potential to control the cell culture environment, mimicking the in vivo 3D 
morphology and functions in vitro. Furthermore, microfluidics not only allows for the easy control and 
manipulation of small liquid volumes, which are in physiological scales, but also the generation of mechanical 
forces by the fluid flow, thereby mimicking the in vivo microenvironment of cells. Recent innovations in 
microfluidic technologies include the so called ‘organ-on-a-chip’ that was thrust in the limelight with the 
publication of lung-on-a-chip, with later devices mimicking the liver, kidney, heart, gut, breast and blood 
vessels as well. During the talk, I present the recent development of organ on a chip which reconstitutes the 
pathophysiological condition of some organs affected by diseases such as diabetes and intestinal infection. 
  
Keywords : Organ on a chip, , Diabetes, Bacterial infection, Microfluidic device 
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 S523   Multi-Organ-on-a-chip for PK-based Drug Screening 

 
Jong Hwan SUNG 
Department of Chemical Engineering, Hongik University, Seoul, Korea 
Corresponding Author Email : jhsung22@hongik.ac.kr 
 
Due to the difficulty of directly testing animal or human subjects, cell-based in vitro model systems are widely 
used in pharmaceutical industry. However, currently available in vitro systems are far from a faithful reprodu-
ction of an organism. For example, the effect of a xenobiotic compounds is tested in vitro by incubating a 
monolayer of cells in the presence of the drug, but in human body, the drug goes through a dynamic process of 
metabolism and excretion, which result in complex whole-body response. Combination of microscale techno-
logy, mathematical modeling, and biomaterials can contribute to developing an in vitro system that mimics the 
human body better. Here, we introduce microfluidic organ-on-a-chip devices for mimicking the functions of 
various organs, including the gut, liver and the skin. We also demonstrate recapitulation of organ-organ 
interaction using such systems. Organ-on-a-chip devices can be useful platforms for drug screening and disease 
modeling. 
 
Keywords : Organ-on-a-chip, disease models, PK-PD model 
References  
1. Jong Hwan Sung et al., Recent Advances in Body-on-a-Chip Systems, Anal Chem, 91, 330-351(2019). 
2. Jong Hwan Sung et al., Application of chemical reaction engineering principles to ‘body-on-a-chip’ 

systems. AIChE J, 64, 4351-4360 (2018). 
  

46



Exploring the Upcoming Challenges in Biotechnology2020 한국생물공학회 추계학술발표대회 및 국제심포지엄: Hybrid-컨퍼런스

2020 KSBB Fall Meeting and International Symposium: Hybrid Conference

 S524   Kidney and Organ on a Chip 

 
Sejoong KIM 
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Corresponding Author Email : sejoong@snubh.org 
 
Kidney dysfunction resulting from various drugs is an important issue during the drug development process. 
Traditional in vivo animal experiments are limited with respect to evaluating drug efficacy and nephrotoxicity 
due to discrepancies in drug pharmacokinetics and pharmacodynamics between humans and animals, and static 
cell culture experiments cannot fully reflect the actual microphysiological environment in humans. we discuss 
recent developments in microfluidic culturing technique and describe current and future kidney-on-a-chip 
applications. The pharmacodynamic and pathophysiological responses of cells are more realistic in microfluidic 
or 3D culture systems than in conventional 2D culture systems. Recently, several types of kidney-on-a-chip 
have been developed that reflect the microenvironment of the kidney tubule and have been shown to better 
reflect actual in-vivo results of drug nephrotoxicity. Using kidney-on-a-chip, investigators can measure various 
drug-induced biological responses. In the near-future, it is expected that a multi-organ chip will be utilized to 
examine the interaction between kidney and other organs, and kidney-on-a-chip can be used in disease modeling 
and the development of new renal replacement therapy. Using kidney-on-a-chip, researchers can create 
experimental environments resembling the physiological environments in human organs and obtain experi-
mental results that better reflect human physiology. Kidney-on a-chip can be used to overcome the drawbacks of 
traditional animal models and to more effectively identify drug effects, interactions, and drug-induced nephro-
toxicity. 
 
Keywords : Organ chip, kidney-on-a-chip, drug nephrotoxicity, acute kidney injury, microfluidics, drug 
evaluation 
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 S531   Role of Gut Metabolites in the Regulation of intestinal immunity 

 
Myunghoo KIM 
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Korea 
Corresponding Author Email : mhkim18@pusan.ac.kr 
 
The gastrointestinal tract contains multiple types of immune cells that induce various immune responses to 
dietary antigens, commensal bacteria, and pathogens. Maintaining homeostasis at this mucosal barrier requires 
stringent regulation of the immune responses, including mechanisms to convey information about environmental 
conditions. Dietary nutrients can be converted into gut metabolites through either host or microbial enzymatic 
activities. Accumulating evidence demonstrates that these gut metabolites have a significant impact on the 
regulation of intestinal immune responses; however, the underlying mechanisms by which gut metabolites 
regulate the intestinal immune system are incompletely understood. Thus, we have studied the role of gut 
metabolites, specifically short chain fatty acids (SCFAs) and retinoic acid (RA), in regulation of intestinal 
immune responses. Our research revealed novel pathways that SCFAs and RA use to contribute to anti-bacteria 
immunity through modulation of function of various immune cells including epithelial cells, B cells, and innate 
lymphoid cells (ILCs). 
SCFAs are the major metabolites of dietary fibers and produced from microbial fermentation in the colon. We 
found that SCFAs activate SCFA receptor, GPR41 and GPR43, which required for normal induction of innate 
immunity against luminal bacterial. This implicates in controlling intestinal inflammation and cancer. Also, 
SCFAs support B cell metabolic changes during activation, which is implicates in anti-bacterial immunity. 
Separately, we studied the role of the gut metabolite, RA, in regulating innate immunity in the intestine. RA is a 
vitamin A metabolite known to regulate various immune responses, including development, function, and 
migration of lymphocytes in the intestine. However, the roles of RA in innate lymphocyte biology are 
insufficiently defined. We identified a novel function of RA in the migration program of ILCs, a class of newly 
identified innate lymphocytes to the gut. This regulatory function of RA has a significant impact on anti-
bacterial immunity in the gut. Collectively, gut metabolites play significant roles in regulating intestinal 
immunity through diverse mechanism. 
  
Keywords : SCFAs, Retinoic acid, Mucosal Immunity, Gut metabolites 
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 S532   Food Biotechnology in Covid-19 era: Back to the basic 
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In COVID-19 era, emphasizing social distancing, people are solving their meals using food delivery services 
based on recently developed social networks. People are faced with the risk of overnutrition because they go 
beyond simple meals and have access to a variety of menus and high-quality meals. 
Bygren's 2001 study found that in Norrbotten, an isolated northern part of Sweden, the offsprings of boys ate 
abundantly in 1801, 1822, 1828, 1844 and 1863, after the famine showed significantly reduced the life span, 
compared with the the offsprings of the boys suffering starvation. 
There are genetic events that can affect the longevity of offspring by eating alone without genetic mutation, 
which is epigenetic alterations. Transcriptionally repressed genes by epigenetic alteration can be reactivated by 
epigenetic modification because these silenced genes are still genetically intact. 
In this presentation, I woud like to introduce a food-based treatment that can correct epigenetic alteration. 
  
Keywords : Epigenetics, food 
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 S533   Potential Probiotic Eukaryote Saccharomyces cerevisiae KCCM 51299 to Fortify Immune System 

 
Hyo Jin KIM 
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Pyeongchang, Korea 
Corresponding Author Email : erythritol@snu.ac.kr 
 
Glutathione-producing Saccharomyces cerevisiae is a potential eukaryotic probiotic. S. cerevisiae KCCM 
51299, overproducing glutathione, has been isolated from among 272 yeast strains from Nuruk. The genome 
sequences of S. cerevisiae KCCM 51299 were analyzed for additional enhancement of glutathione production. 
In the genome of S. cerevisiae KCCM 51299, genes involved in glutathione biosynthesis were identified, and 
the glutathione biosynthesis pathway was constructed in silico on the basis of these genes. In addition, genome-
scale in silico flux analysis was carried out, and a metabolic engineering strategy for glutathione biosynthesis 
was generated. The resulting glutathione-overproducing yeast could be developed as a probiotic eukaryote to 
fortify immune system. 
  
Keywords : glutathione, eukaryotic probiotics, metabolic engineering, immune support ingredient 
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 S534   Engineered Probiotic Bacteria for Live Diagnosis of Gut Inflammation through Nitrate Sensing 

 
Dae-Hee LEE 
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Microbes reprogrammed using advanced genetic circuits are envisaged as emerging living diagnostics for a 
wide range of diseases and play key roles in regulating gut microbiota to treat disease-associated symptoms in a 
noninvasive manner. Here, we developed a designer probiotic Escherichia coli that senses and responds to 
nitrate, a biomarker of gut inflammation. To this end, we first employed the NarX-NarL two-component 
regulatory system in E. coli to construct a nitrate-responsive genetic circuit. Next, we optimized the nitrate 
biosensor for the best performance using measures of sensitivity and specificity. We then introduced this genetic 
circuit into a probiotic E. coli Nissle 1917. We demonstrated that the designed biosensor can sense elevated 
nitrate levels during gut inflammation in mice with native gut microbiota. Moreover, using Boolean AND gate, 
we generated a genetically encoded biosensor for simultaneous sensing of the thiosulfate and nitrate biomarkers, 
thus increasing the tool’s specificity for diagnosing gut inflammation. The nitrate-responsive genetic circuit will 
enable new approaches for non-invasive diagnostics of inflammation-associated diseases. 
  
Keywords : Whole cell biosensor, Gut inflammation, Designer probiotic, Nitrate sensing, Thiosulfate sensing, 
Boolean AND gate, Synthetic biology 
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 S541   Lysosome-Related Organelles for Multipurpose Materials 

 
Jiho MIN 
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Corresponding Author Email : jihomin@jbnu.ac.kr 
 
Lysosomes are heterogeneous cell organelles consisting of vacuoles that vary in size, form, and density, and 
lysosomes release lysosomal enzymes to digest intracellular and extracellular waste material. Lysosomal 
enzymes degrade bacteria cell walls, demonstrating the antimicrobial activity of lysosomes and they have 
anticancerous effect when mammalian cells progress apoptosis. Lysosomes are not silent organelles, but 
dynamic organelles in which lysosomal enzymes are easily integrated or released when exposed to stressful 
conditions, especially oxidative stress. Understanding in vitro lysosomal function in cells following hydrogen 
peroxide (H2O2), 6-hydroxydopamine (6-OHDA), or UVB irradiation may elucidate lysosomal mechanisms 
associated with oxidative stress and lysosomal activation. Therefore, in this study, we isolated lysosome-related 
organelles from Saccharomyces cerevisiae, HeLa cell lines and Hen’s egg white, and then used organelles 
extract for the reduction of melanin causing hypermelanosis. We found that as a period of 20 days, 90% of 
melanin was reduced by treatment of organelles extract, as measured by the reduction of melanin pigmentary 
intensity. Therefore, our results provide insight for the application of in vitro lysosomes as antimicrobial agents 
and as apoptosis-inducing materials, as well as useful agents for cosmeceutical skin lightening and treatment of 
hyperpigmentation disorders. 
 
Keywords : Lysosome-related organelles, Antimicrobial activity, Anticancerous activity 
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 S542   Genetically Encoded Biosensors for the Screening of Biologically Active Compounds 
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Genetically encoded biosensors have emerged as a useful tool for pharmaceutical and toxicology applications. 
Live cell-based biosensors often utilize bimolecular fluorescence complementation or fluorescence resonance 
energy transfer to build a reporter unit that suffers from non-specific signal activation at high concentrations. 
Here, we designed genetically encoded sensor cells that can report the presence of biologically active molecules 
via fluorescence-translocation based on split intein-mediated conditional protein trans-splicing (PTS) and 
conditional protein trans-cleavage (PTC) reactions. In this work, the target molecules or the external stimuli 
activated intein-mediated reactions, which resulted in activation of the fluorophore-conjugated signal peptide. 
This approach fully valued the bond-making and bond-breaking features of intein-mediated reactions in sensor 
construction and thus eliminated the interference of false-positive signals resulting from the mere binding of 
fragmented reporters. We could also avoid the necessity of designing split reporters to refold into active 
structures upon reconstitution. These live cell-based sensors were able to detect biologically active signaling 
molecules, such as Ca2+ and cortisol, as well as relevant biological stimuli, such as histamine-induced Ca2+ 
stimuli and the cortisol agonist Dexamethasone. These live cell-based sensing systems hold large potential for 
applications such as drug screening and toxicology studies, which require functional information about targets.  
  
Keywords : genetically-encoded, sensor cells, signal peptide, split-intein 
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 S543   Dicarboxylic Acid Production from Food Wastes 

 
Deokyeol JEONG, Heeyoung PARK, Byeong-Kwan JANG, Soo Rin KIM 
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Fruit juice wastes such as citrus peels are high in pectin, which is a structural heteropolysaccharide mainly 
consisting of galacturonic acid. Fungi can reduce galacturonic acid into L-galactonic acid, which is further 
catabolized into pyruvate for energy production. Knocking out the catabolic pathway of galacturonic acid and 
the expression of heterologous bacterial uronate dehydrogenase, results in the conversion of galacturonic acid 
into galactaric acid, which is a type of dicarboxylic acid useful as a platform chemical. However, industrial 
fermentation of fungal strains is challenging, which led the studies to develop yeast strains capable of producing 
galactaric acid. In this presentation, metabolic engineering strategies to develop yeast strains producing 
galactaric acid from galacturonic acid as well as citrus peel wastes will be introduced. Comparison with the 
other microbial production systems, industrial applicability of the developed strain will be discussed. 
 
Keywords : mucic acid, adipic acid, bio-based nylon, citrus peel, pectin, galacturonic acid 
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 S544   Development of CO2 Conversion Technology through the Bio-Electrochemistry Convergence 
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Taek Dong CHUNG4, Sung Yul LIM5 
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Electrochemical conversion of CO2 to fuels using a renewable energy sources is an increasingly important area 
that addresses global warming and fossil fuel shortages. To date, extensive efforts to develop electrode materials 
for the direct and electrochemical reduction of CO2 have been made also, but so far, they require the application 
of energetically inefficient potentials or they are nonspecific and produce mixtures of products. In this context, 
electrochemical reduction of CO2 has yet to be achieved on appropriately large scale due to the lack of efficient, 
robust catalysts operating at low operation potential with high selectivity. Because the biocatalytic reactions 
involving energy applications are gaining in prominence, we focus on the electrochemical CO2 reduction with 
high selectivity at low bias potential by employing electrochemical system and biocatalysts such as enzymes and 
microorganisms. Furthermore, the surface modification of cathode materials with biocompatible electron 
mediators led to the formation of a redox active layer on cathode materials to mediate CO2 reduction at the 
cathode of Bio-Electrochemical system based on the use of biocatalysts 
  
Keywords : CO2 conversion, Bio-Electrochemistry, Microbial electrosynthesis, Electropolymerization, 
Biocatalysts 
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 S545   Integration of Microfluidics into the Synthetic Biology: Sensitive and Rapid Phenotyping of 
Microbes with the Desired Enzyme Activity 

 
Hyewon LEE 
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Biotechnology, Daejeon, Korea 
Corresponding Author Email : hlee@kribb.re.kr 
 
In recent years, methanotrophic bacteria have been of enormous interest to the scientific community because of 
their ability to utilize methane at ambient temperature and pressure, and given their high potential for ecological 
and biotechnological applications. For the development of an industrially useful biocatalyst and cell factory, 
phenotyping microbial cells with high enzyme activity often remains as the bottleneck. We developed a 
sensitive and high-throughput detection system to quantitatively phenotyping methanotrophs with soluble 
methane monooxygenase (sMMO) activity at large scale, using a transcription factor-based biosensor integrated 
with a microfluidic droplet system. Our system enables efficient evaluation of phenotypes in methanotrophs 
with sMMO activity, with high specificity and without interference from MMO of other types. It also 
demonstrated the high sensitivity with a limit of detection of a few methanotrophic cells per droplet. Further 
optimization of this system is expected to enable single-cell analysis and high-throughput screening of 
methanotrophs from libraries, which would typically be highly time-consuming using conventional methods 
(requiring weeks or possibly months). Further, our system can be used to assess co-metabolism in methano-
troph-non-methanotroph communities. In nature, methanotrophs are likely to form microbial communities and 
play a significant role in global metabolic cycling; therefore, characterizing methanotrophs based on their 
communication with other microbial community members is crucial. We envision that this versatile system can 
be easily extended to analyzing many other organisms with desired biological activities. 
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 S551   Development of Hyperthermophilic Archaeon Thermococcus onnurineus NA1 to Improve 
Biohydrogen Production via CO Gas Fermentation 

 
Seong Hyuk LEE 
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Corresponding Author Email : gs360@kiost.ac.kr 
 
A hyperthermophilic archaeon Thermococcus onnurineus NA1 isolated from a deep-sea hydrothermal vent area 
has been reported to be capable of lithotrophic growth on 100 % CO coupled with equimolar production of H2 
by an enzymatic system composed of carbon monoxide dehydrogenase (CODH), a hydrogenase, and a Na+/H+ 
antiporter1. The hydrogenogenic CO-converting reaction has a potential application in the production of H2 gas 
as a clean renewable fuel from waste gases or synthesis gas containing CO. To enhance biological H2 produc-
tion via CO gas fermentation, mutant strains derived from T. onnurineus NA1 were constructed to overexpress 
codh gene cluster by employing genetic engineering, such as promoter engineering and overexpression of CO-
sensing regulator, and adaptive engineering2. Among those studies, adaptive engineering led to highly enhanced 
H2 productivity using 100 % CO or synthesis gas produced from coal gasification and multi-omics analysis were 
conducted to uncover CO metabolism in this strain. In addition, we attempted to demonstrate that the T. 
onnurineus NA1 could serve as a useful platform for CO fermentation to produce both thermophilic enzymes 
and H2 at the same time and also investigated the potential of whole-cell lysates and purified enzymes obtained 
from the constructed cell factory for biotechnological application3. 
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 S552   Development of DHA and Biofuel Co-production Process Using Aurantiochytrium sp. 
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Microalgae are increasingly considered excellent raw material to realize the biorefinery concept that can 
produce renewable biofuels and value-added products sustainably. The marine microalgal strain Aurantio-
chytrium sp. KRS101 is a good candidate for novel sources of ω-3 fatty acids (value-added product) and unsatu-
rated fatty acids (biofuel), which required conventional saccharides for their growth and lipid accumulation. 
However, conventional saccharides account for a large portion of the medium, even causes a rise in process 
costs. 
In this study, we successfully employed the use of sugar refinery washing water (SRWW) as an alternative 
carbon source for the heterotrophic cultivation of DHA producing microalgae Aurantiochytrium sp. KRS101. 
Stepwise optimizations including biomass production and DHA induction were applied. 30% SRWW was 
determined as an optimum concentration that gave 110% increased biomass than the conventional medium. In 
addition, based on those 30% SFW, optimum amount of KH2PO4 and yeast extract was tested, and 9 g/L 
KH2PO4 and 20 g/L yeast extract gave the highest biomass (14% increased from 30% SFW). Finally, sea salt 
stress was induced on optimized 30% SFW at both exponential and stationary phase. The 35 g/L of sea salt 
addition at stationary phase gave the superior biomass, lipid yield, and DHA yield (22.9, 6.33, and 2.03 g/L 
respectively, and 28% increased DHA yield from optimized 30% SFW). We believe that sugar refinery washing 
water can be utilized as a less expensive carbon source for medium and two step cultivation method can be 
applied for DHA fermentation industry. 
 
Keywords : Aurantiochytrium, DHA, Biofuel 
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 S553   Conversion of L-Arabinose to L-Ribose and L-Ribulose Using Genetically Engineered Candida 
tropicalis 

 
In-Seok YEO 
Biotechnology Process Engineering Center, Korea Research Institute of Bioscience and Biotechnology, Cheongju, 
Korea 
Corresponding Author Email : yisyis123@kribb.re.kr 
 
For the biological production of L-ribose and L-ribulose, conversion by enzymes or resting cells has been 
investigated. However, concentrated substrates, additional purification steps to remove borate, and the require-
ment for cell cultivation and harvest steps before the utilization of resting cells make the production process 
expensive and complex. Microbial fermentation may help overcome these limitations. In this study, we con-
structed a genetically engineered Candida tropicalis strain to produce L-ribose and L-ribulose by fermentation 
with a glucose/L-arabinose mixture. For the efficient uptake of L-arabinose as a substrate and to be converted 
into L-ribose and L-ribulose, two heterologous genes, which are L-arabinose transporter gene and L-arabinose 
isomerase gene, were constitutively expressed in C. tropicalis under the control of GAPDH promoter. The 
Arabidopsis thaliana-originated L-arabinose transporter-expressing strain exhibited a relatively high L-arabinose 
uptake rate of 0.65 g/L/h and the expression of L-arabinose isomerase from Lactobacillus sakei 23K showed 
30% of conversion (9 g/L) from 30 g/L of L-arabinose. Finally, L-ribose isomerase gene from Acinetobacter sp. 
strain DL-28 was optimized for construction of L-ribose-producing strain. The resulting strain, K1 CoSTP2 23K 
AraA CoRI, produced 5 g/L of L-ribose and 3 g/L of L-ribulose at the same time from 30 g/L of L-arabinose. 
This genetically engineered strain can be used for L-ribose and L-ribulose production by fermentation using 
mixed sugars of glucose and L-arabinose. 
 
Keywords : L-arabinose isomerase, L-ribose isomerase, L-arabinose transporter, L-ribulose, L-ribose 
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 S554   On-Line Estimation of Cell Mass and Polyhydroxybutyrate (PHB) Contents Using Off-Gas Data 
in the Cultivation of Methanotroph 

 
Jeong-Geol NA, Hando KO, Chae Il LIM, Sung Il KIM, Jinwon LEE 
Department of Chemical and Biomolecular Engineering, Sogang University, Seoul, Korea 
Corresponding Author Email : narosu@sogang.ac.kr 
 
Methylosinus trichosporium OB3b, a type II methanotroph, assimilates methane as the sole carbon source and 
accumulates polyhydroxybutyrate (PHB) that is of interest as bio-derived and biodegradable plastic under 
nitrogen limitation. In this context, microbial methane conversion by M. trichosporium OB3b could be a viable 
option for mitigating greenhouse gas emission as well as securing chemical feedstocks for a sustainable society. 
However, comparing with PHB production by conventional strains, such as Ralstonia eutropha, there are some 
issues in terms of lower cell mass and productivity. To address these hurdles, a strategy that can accurately 
assess the fermentation state is required while improving the utilization of gaseous substrates. Here, we 
developed an on-line estimation method for cell mass and also PHB contents using off-gas analysis. There were 
severe discrepancies between predicted and real values at high cell densities by a simple estimation algorithm 
based on a constant yield. Metabolic partitioning consisting of cell growth and PHB accumulation was 
introduced onto the algorithm to improve the estimation capabilities. The partition parameter was determined 
on-line based on the respiratory quotient (RQ) during the fermentation. This adaptive method could estimate the 
biomass and biopolymer contents well even at high cell densities, demonstrating its performance. 
 
Acknowledgments : This research was supported by the C1 Gas Refinery Program through the National 
Research Foundation of Korea (NRF) funded by the Ministry of Science and ICT (MSIT) (NRF-2015-
M3D3A1A01064926) and the Sogang University Research Grant of 2019 (201919095.01). 
 
Keywords : Microbial methane conversion, Methylosinus trichosporium OB3b, polyhydroxybutyrate, high cell 
density culture, on-line estimation, variable yield 
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 S561   Sleeping Bacteria against Antibiotic Exposure 

 
Jun-Seob KIM 
Infectious Disease Research Center, Korea Research Institute of Bioscience and Biotechnology (KRIBB), 
Daejeon, Korea 
Corresponding Author Email : junkim83@kribb.re.kr 
 
Bacteria have multiple defense mechanisms against environmental stresses, and one of the most important is 
bacterial persistence. Similar to resistance, persister cells survive antibiotic exposure. However, unlike resistant 
cells, persisters do not inherit antibiotic tolerance and do not grow in the presence of antibiotics. Hence, upon 
adding the fresh medium, persisters grow like the parental population. Persister cells are non-growing cells that 
form from the depletion of protein production capacity, i.e., a cessation of transcription, translation, and ATP 
production. Most microorganisms experience stress since their environmental conditions change (e.g., nutrient 
levels); hence, dormancy or reduced metabolism is a very common response to environmental stress. One 
concept in microbial ecology is that these cells with reduced metabolism form a seed bank to give cells a chance 
to revive after stress and, ultimately, provide diversity in microbial communities and a stable pool of microbial 
communities (insurance policy). Recently, bacterial persistence also has been regarded as an intermediate stage 
on resistant arising since inducible mutation by antibiotic treatment has been observed in my cases rather than 
natural selection via spontaneous mutation. In this talk, my previous findings of the bacterial persistence will be 
presented, primarily, a novel mechanism of persister formation, elimination of persister cell, and an important 
factor in persister awakening. 
 
Keywords : Antibiotics, Bacterial persistence, Antibiotic tolerance, Phenotypic variant 
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 S562   Persister Formation and Resuscitation  

 
Sooyeon SONG 
Department of Animal Science, Jeonbuk National University, Jeonju, Korea 
Corresponding Author Email : songsy@jbnu.ac.kr 
 
Stress is ubiquitous for bacteria and can convert a subpopulation of cells into a dormant state known as 
persistence, in which cells are tolerant to antimicrobials. These cells revive rapidly when the stress is removed 
and are likely the cause of many recurring infections and Foodborne disease. However, how persister cells form 
and resuscitate for animal food safety is not understood well. By inhibiting transcription, I have developed a 
technique that converts exponentially-growing cells into a population of nearly 100% persister cells 
(Antimicrob. Agent Chemother. 2012, doi: 10.1128/AAC.02135-12); advances in this field have been limited 
due to the normal size of the persister population, which is usually less than 1%. This insight has allowed us to 
observe single persister cells and to discover that persister cells form by inactivating ribosomes and resuscitate 
by activating ribosomes (Environ. Microbiol. 2018, doi:10.1111/1462-2920.14093). In addition, again using 
single cells, we discovered that persister cells resuscitate in a heterogeneous manner that depends on the number 
of active ribosomes in the persister cell. Using single cells, I determined that persister cell resuscitation is 
initiated by recognizing external nutrients through receptors for chemotaxis (for amino acids) and for 
phosphotransferase membrane proteins (for glucose). The external nutrient signals are propagated to the cytosol 
by reducing concentrations of the secondary messenger cAMP which leads to the rescue of stalled ribosomes by 
HflX, which dissociates 100S ribosomes into active 70S ribosomes and is conserved in all bacterial phyla. The 
resuscitating cells also initiate chemotaxis toward fresh nutrients since nutrient depletion triggered persistence. 
(iScience 2020, https://doi.org/10.1016/j.isci.2019.100792). Futuremore, I discovered two chemical BPOET and 
NPIMA which can control the persister cells via 10,000 chemical library screening. This study provide an 
perspective of persister controlling including formation and resuscitation mechanism and relationship to animal 
food safety 
 
Keywords : Persister, stress response, resuscitation 
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 S563   Antimicrobial Drug Screening Using a Whole Animal Infection Model 

 
Wooseong KIM 
College of Pharmacy, Graduate School of Pharmaceutical Sciences, Ewha Womans University, Seoul, Korea 
Corresponding Author Email : wooseong_kim@ewha.ac.kr 
 
The emergence of antibiotic-resistant and –persistent bacteria is a major threat to human health. Although 
efforts for drug discovery are ongoing, conventional bacteria-centered screening strategies have thus far failed to 
yield new classes of effective antibiotics. Therefore, new paradigms for discovering novel antibiotics are of 
critical importance. Caenorhabditis elegans, a model organism used for studying host-pathogen interaction, 
offers a promising solution for identification of traditional antibiotics that inhibit bacterial growth, in addition to 
anti-infective agents that enhance host-immunity or nullify bacterial virulence factors. We developed an auto-
mated high-throughput Caenorhabditis elegans-methicillin-resistant Staphylococcus aureus (MRSA) killing 
assay in 384-well plates to screen approximately 82,000 small synthetic molecules and successfully identified 
185 compounds that significantly decreased the ability of MRSA to kill the nematodes. I will present new 
membrane-active antimicrobials identified among the 185 hit compounds. These membrane-active antimicrobial 
agents selectively disrupt Gram-positive bacterial over mammalian membranes. They exhibit antimicrobial 
activity against multidrug-resistant Gram-positive pathogens, strong bactericidal activity against both growing 
and persistent MRSA cells, has a low probability of selecting for resistance, synergism with gentamicin, and 
shows significant in vivo efficacy against a murine MRSA infection model. I will also share how we optimized 
their chemical structures to improve potency and cytotoxicity profiles using molecular dynamic simulations 
combined with structure-activity relationship analyses. In conclusion, our success of the large-scale screens 
demonstrates that the C. elegans-based anti- infective high-throughput screening system has the potential to 
create a paradigm shift in antibiotic discovery platforms used in combatting our current antibiotic resistance 
crisis. 
 
Keywords : Antibiotic resistance, High-throughput screening, Antibiotic drug discovery 
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 S564   Simultaneous Enzyme and Nucleic Acid Assays On-chip for Antimicrobial Resistance Bacteria 
Screening 

 
Jong-Hwan LEE 
Korea Research Institute of Chemical Technology (KRICT), Daejeon, Korea 
Corresponding Author Email : jonghwan@krict.re.kr 
 
The emergence of drug-resistant and multidrug-resistant pathogens has become a major challenge in global 
healthcare that is further driving the need for expeditious diagnosis. Due to the lack of rapid and accurate 
molecular diagnostic methods for the ever-changing nature of antimicrobial-resistant pathogens, empirical 
treatment is administered prior to a definite diagnosis, which leads to unnecessary use of broad-spectrum drugs. 
Here we report an innovative on-chip fast and accurate antimicrobial resistance screening test platform that 
allows simultaneous enzyme and nucleic acid (NA) assays for the first time. First, we designed, simulated, and 
fabricated the chip. Second, we demonstrated the extraction of target enzymes on-chip without loss of enzyme 
activity by pulse-based plasmonic lysis. Third, we achieved the on-chip isothermal amplification of bacterial 
genes by using the pulse-based plasmonic rolling circle amplification (ppRCA) method. Finally, we 
demonstrated simultaneous enzyme and NA assays on-chip within 45 minutes. This platform will be an ideal 
and powerful antimicrobial-resistance screening test for both developed and developing countries and can 
provide a promising foundation for future digital healthcare. 
  
Keywords : Antimicrobial resistance, Plasmonic bacterial lysis, Rapid antimicrobial-resistance screening, 
Rolling circle amplification (RCA), Urinary tract infections (UTIs) 
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 S565   Characterization of Biomass as Adsorbent to Remove Micropollutants 

 
Chul-Woong CHO 
Department of Bioenergy Science and Technology, Chonnam National University, Gwangju, Korea 
Corresponding Author Email : choicejoe@jnu.ac.kr 
 
Biomass, including agricultural and bio-industrial wastes, are largely and continuously produced, so their 
appropriate recycling and/or application methods must be developed. Since biomass have various functional 
groups on the surfaces and are environmentally friendly and cost-effective, they can be used as adsorbents to 
remove micropollutants in aquatic environments. In the application, it is important to characterize and predict 
the adsorption properties of biomass because there are so many types of micropollutants. To solve the problem, 
experimental and theoretical methods were applied. In the experimental performance, the adsorption affinity 
between biomass and micropollutant was estimated, and then the property was predicted by theoretical modeling 
based on linear free energy relationship concept [1]. From this approach, the adsorption properties of Chlorella 
vulgaris [2], Escherichia coli [3], Corynebacterium glutamicum and other agricultural wastes could be 
characterized and predicted. These results can help to properly apply the biomass to remove micropollutants in 
wastewater treatment processes.  
  
Keywords : biomass, adsorption, adsorbent, QSAR, micropollutants 
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 S567   Intriguing Cross-Kingdom Interaction Associated with Several Childhood Caries 

 
Dongyeop KIM 
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Corresponding Author Email : biofilmkim@jbnu.ac.kr 
 
Dental caries is a widespread human disease caused by microbial biofilms and a major global public health 
problem. Streptococcus mutans, a prolific biofilm former, has been consistently associated with severe early 
childhood caries (ECC). Candida albicans, an opportunistic fungal pathogen is often detected with heavy 
infection of S. mutans in plaque biofilms from children affected by ECC. However, whether these microorga-
nisms require interactions with other microorganisms in the oral cavity and how the spatial organization of the 
biofilm community promote disease are unknown. Using intact biofilms formed on teeth of toddlers affected by 
caries, we discovered intriguing structural patterns ranging from intermixed communities with extensive co-
aggregation to spatially segregated communities. We also assessed the importance of this cross-kingdom biofilm 
on the disease using in vitro and in vivo bacterial-fungal biofilm models. Furthermore, synergistic interaction 
between S. mutans and C. albicans was determined through metagenome, meta-transcriptome, metabolome, and 
in situ biofilm imaging. These findings suggest polymicrobial biofilms associated with the disease that appears 
to dictate the microbial positioning at the infection site whereby pathogens structurally arranged with other 
microbes may coordinate the disease process in situ through physicochemical interactions. 
  
Keywords : Dental caries, Cross-kingdom biofilm, Streptococcus mutans, Candida albicans, Spatial design 
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 S568   Stimuli-responsive Biomaterials for Controllable Therapeutics Delivery 
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Corresponding Author Email : ykjo@knu.ac.kr 
 
Stimuli-responsive biomaterials have attracted to achieve controlled release of drugs when presented with 
specific environmental cues. These dynamic systems can leverage biological signals found exogenous cues 
administered with spatiotemporal control as well as locally within the body, which offers powerful opportunities 
in next-generation therapeutics delivery. Mechanical forces accompanying with ubiquitous daily motions can be 
a simple and easily accessible stimulus for triggering drug release in a spatiotemporally controlled manner. 
Here, we developed the mechanically responsive microcapsules that can release therapeutic drugs in response to 
the mechanical force above a certain level of strength upon the body motions, to accomplish self-healing of 
injured tissues. The microcapsules exhibited a tunable mechano-activation based on their physical attributes 
under both direct compression and in 3D matrices mimicking the dynamic loading environment of regenerating 
tissue. This microcapsule technology has a tremendous potential for implementation across a wide array of 
regenerative medicine scenarios. 
  
Keywords : Microcapsule, Drug delivery, Mechanical force, Stimuli-responsive, Tissue engineering 
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 S569   Gold-Hybridized Protein Nanoparticles for Cancer Targeting and Enhanced Diagnosis and 
Therapy 

 
Koo Chul KWON 
LG Household & Healthcare, Seoul 07795, Korea 
Corresponding Author Email : koochulkwon@gmail.com 
 
Recently, advances in nanobiotechnology have contributed to the dramatic improvement of multifunctional 
nanoparticles for nanomedicine. By way of example, protein nanoparticles can be easily synthesized in E. coli 
and form uniformly assembled nanostructures via self-assembly that have in vivo stability. Moreover, biological 
substances such as functional peptides/ligands can easily be displayed on the surface of nanoparticles. Protein 
nanoparticles may be used as biocompatible in vivo agents; they interfere minimally with cellular mechanisms 
and show less toxicity as a consequence of biodegradability than the chemically synthesized nanomaterials 
currently used in nanomedicine. Given these advantages, they have been used in various clinical applications, as 
enhanced cancer diagnosis or therapy of cancer through targeted delivery for example. Moreover, by virtue of 
these superior properties, protein can be hybridized with gold nanoparticles. Gold-hybridized protein nano-
particles have special characteristics with respect to clinical applications: they have the optical or magnetic 
properties of metal nanoparticles as well as the biocompatibility advantages of protein nanoparticles. These 
characteristics can be exploited for targeted delivery and simultaneous in vivo diagnosis and therapy of cancer 
without nanoparticle-mediated toxicity. 
   
Keywords : Protein nanoparticles, Gold-hybridized protein nanoparticles, Targeted delivery, Cancer theragnosis  
References  
1. Dreaden, E.C. et al., The golden age: gold nanoparticles for biomedicine (2012), Chem. Soc. Rev. 41, 2740. 
2. Bartneck, M. et al., Peptide-functionalized gold nanorods increase liver injury in hepatitis (2012), ACS 

Nano 6, 8767. 
3. Kwon, K.C. et al. Proteinticle/Gold Core/Shell Nanoparticles for Targeted Cancer Therapy without 

Nanotoxicity (2014), Adv. Mater. 26, 6436. 
4. Kwon, K.C. et al. Superparamagnetic Gold Nanoparticles Synthesized on Protein Particle Scaffolds for 

Cancer Theragnosis (2017), Adv. Mater. 29, 1701146. 
  

72



Exploring the Upcoming Challenges in Biotechnology2020 한국생물공학회 추계학술발표대회 및 국제심포지엄: Hybrid-컨퍼런스

2020 KSBB Fall Meeting and International Symposium: Hybrid Conference

 S570   Ultrafast polymerase chain reaction for next-generation molecular diagnostics 

 
Sang Hun LEE 
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Over the last decade, polymerase chain reaction (PCR) has become the gold standard for the detection of target 
nucleic acids (NAs) owing to their high sensitivity and specificity. However, limitations of traditional PCR 
approaches have become more apparent because of their long turn-around-time (TAT), bulky-size instruments, 
and complicated operation protocols. Here, we propose an ultrafast PCR method for the rapid precision 
detection of target NAs. To achieve ultrafast PCR, various technologies such as high-powered Peltier-based and 
photothermal effect-based thermocycling approaches have been developed to improve the thermocycling (i.e., 
heating/cooling) rate. These ultrafast PCR approaches will be desirable to accelerate the application of NA 
detection, such as various viral and bacterial infections. Also, these PCR approaches will provide a new 
paradigm for nearly instantaneous molecular diagnostics and allow us for personalized and preventive medicine 
at point-of-care testing (POCT).  
  
Keywords : Rapid polymerase chain reaction, Lab-on-a-chip, Photonic PCR, Molecular diagnostics, Point-of-
care testing 
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 S571   Brain Map Remodeling by Cortical Stimulation 
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Corresponding Author Email : sungchil.yang@cityu.edu.hk 
 
Hearing loss-induced tinnitus is largely driven by irreversible damage of the peripheral nervous system, leading 
to abnormal neural responses and frequency maps of the central nervous systems where sensory perception 
occurs. Here, we propose that enhancing synaptic activity through the cortical surface stimulation can alleviate 
tinnitus by promoting cortical map remodeling. For successive monitoring and remodeling of cortical maps, we 
have developed a graphene-based multichannel electrodes with a user-defined neurostimulator equipped. Our 
results show that cortical surface stimulation induces response enhancement in the cortical deep layer as well as 
cortical surface, thereby reshaping frequency map and alleviating hearing loss-induced tinnitus. It suggests that 
cortical surface stimulation can control cortical gain along with hierarchical cortical layers, which contributes to 
a functional recovery of the cortex damaged by sensory deprivation.   
  
Keywords : Sensory map, Phantom pains, Map reorganization, Tinnitus, Neural plasticity 
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 S572   Peptides from Hemostatic Effects to Gene Delivery 
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Incheon National University, Incheon, Korea 
Corresponding Author Email : bhwang@Inu.ac.kr 
 
Peptides are promising molecules with various biological functions, therapeutic efficacy, selectivity, specificity, 
and safety. These potent peptides could be applied to cancer treatment, hemostat, antibiotics, gene delivery for 
gene therapy. Here, we focused on finding peptides that stimulate the hemostatic effect and enhance gene 
delivery. First, because conventional active hemostats had limitations of short storage time, limited accessibility, 
and the potential transmission of infectious diseases, there is a need to develop a safe, accessible, and effective 
active hemostatic agent. Therefore, an influential hemostatic part was newly identified from the human neu-
trophil peptide. The HNP-F showed the best hemostatic effect based on platelet aggregation, an increase of 
platelet factor 4, thromboelastography, and mouse liver experiments. Besides, the HNP-F also represented 
biosafety based on cell viability and hemolysis assays. Collectively, the HNP-F with many advantages could be 
expected to become a potent active peptide hemostat or pharmaceutical candidate for various hemostatic 
applications. Second, because viral transfection had shortages of immunogenicity and the potential transmission 
of infectious diseases, a new non-viral transfection agent needs to be developed for safe and enhanced effi-
ciency. Therefore, a novel strategy was designed to form a complex among a plasmid DNA, a fusion peptide, 
and a cation for efficient non-viral transfection. Synergistic effect between a fusion peptide and a cation 
enhanced specific luciferase activity, transfection efficiency, GFP expression compared to that of a 
commercialized agent, LipofectamineTM 2000. The DNA/peptide complex induced increased stability of DNA 
in serum and delivered DNA into non-dividing cells. Moreover, a fusion peptide showed no significant 
cytotoxicity. Consequently, this strategy can be expected to become a promising candidate for non-viral DNA 
transfection for gene therapy or DNA vaccine. 
  
Keywords : Peptides, Hemostat, Human neutrophil peptide, Platelet activation, Nanocomplex, Transfecion, 
Gene therapy 
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 S573   Development of Novel Strategies for Cell-based Cardiac Repair 

 
Kiwon BAN 
Department of Biomedical Sciences, City University of Hong Kong, 31 Tat Chee Avenue, Kowloon, Hong Kong 
Corresponding Author Email : kiwonban@cityu.edu.hk 
 
The clinical use of human bone marrow–derived mesenchymal stem cells (BM-MSCs) has been hampered by 
their poor performance after transplantation into failing hearts. Here, to improve the therapeutic potential of 
BM-MSCs, we developed a strategy termed in vivo priming in which BM-MSCs are primed in vivo in 
myocardial infarction (MI)–induced hearts through genetically engineered hepatocyte growth factor–expressing 
MSCs (HGF-eMSCs) that are encapsulated within an epicardially implanted 3D cardiac patch. Primed BM-
MSCs through HGF-eMSCs exhibited improved vasculogenic potential and cell viability, which ultimately 
enhanced vascular regeneration and restored cardiac function to the MI hearts. Histological analyses further 
demonstrated that the primed BM-MSCs survived longer within a cardiac patch and conferred cardioprotection 
evidenced by substantially higher numbers of viable cardiomyocytes in the MI hearts. These results provide 
compelling evidence that this in vivo priming strategy can be an effective means to enhance the cardiac repair of 
MI hearts. 
  
Keywords : Human mesenchymal stem cells, In vivo priming, therapeutic potential, myocardial infarction, 
vascular regeneration  
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 S574   Double-hit Therapeutic Strategy Against COVID-19 

 
Donghyuk SHIN 
Department of Bioengineering, Incheon National University, Incheon, Korea 
Corresponding Author Email : donghyuk.shin@inu.ac.kr 
 
Main protease and papain-like protease (PLpro) are essential coronaviral enzymes required for polypeptide 
processing during viral maturation. PLpro additionally cleaves proteinous post-translational modifications from 
host proteins to evade anti-viral immune responses. Here, we provide biochemical, structural and functional 
characterizations of PLpro from SARS-CoV-2 (CoV2 PLpro) and reveal differences to that of SARS (SARS 
PLpro) in controlling interferon (IFN) and NF-kB pathways. CoV2 PLpro and SARS PLpro share 83% 
sequence identity, yet they differ in their host substrate preferences: CoV2 PLpro predominantly cleaves the 
ubiquitin-like protein ISG15 off from host proteins, while SARS PLpro preferentially targets ubiquitin chains. 
The crystal structure of CoV2 PLpro in complex with ISG15 explains the affinity and higher specificity through 
distinctive binding to ISG15’s unique amino-terminal ubiquitin-like domain, and enables the identification of 
GRL-0617 as a non-covalent candidate inhibitor for CoV2 PLpro. In human cells, CoV2 PLpro cleaves ISG15 
from interferon responsive factor 3 (IRF3), blocks its nuclear translocation, and reduces type I interferon 
responses, whereas SARS PLpro preferentially mediates deubiquitination of critical components of the NF-kB 
pathway. Pharmacological inhibition of CoV2 PLpro blocks the virus-induced cytopathogenic effect upon 
infection with SARS-CoV-2, fosters the anti-viral interferon pathway and reduces viral release from infected 
cells. We propose that therapeutic targeting of CoV2 PLpro can suppress SARS-CoV-2 infection and promote 
anti-viral immunity. 
  
Keywords : COVID-19, Ubiquitin, ISG15, deubiquitinase, deISGylase 
References  
1. Donghyuk Shin, Rukmini Mukherjee, Diana Grewe, Denisa Bojkova, Kheewoong Baek, Anshu Bhatta-

charya, Laura Schulz, Marek Widera, Ahmad Reza Mehdipour, Georg Tascher, Paul P Geurink, Alexander 
Wilhelm, Huib Ovaa, Stefan Müller, Klaus-Peter Knobeloch, Krishnaraj Rajalingam, Brenda A Schulman, 
Jindrich Cinatl, Gerhard Hummer, Sandra Ciesek, Ivan Dikic. Papain-like protease regulates SARS-CoV-2 
viral spread and innate immunity (2020), Nature, https://doi.org/10.1038/s41586-020-2601-5. 

2. Donghyuk Shin, Rukmini Mukherjee, Yaobin Liu, Alexis Gonzalez, Florian Bonn, Yan Liu, Vladimir V 
Rogov, Marcel Heinz, Alexandra Stolz, Gerhard Hummer, Volker Dötsch, Zhao-Qing Luo, Sagar 
Bhogaraju, Ivan Dikic. Regulation of phosphoribosyl-linked serine ubiquitination by deubiquitinases DupA 
and DupB (2020), Molecular Cell, 77(1), 164-179. 

  

78



Exploring the Upcoming Challenges in Biotechnology2020 한국생물공학회 추계학술발표대회 및 국제심포지엄: Hybrid-컨퍼런스

2020 KSBB Fall Meeting and International Symposium: Hybrid Conference

 
 
 
 
 
 
 
 

 
  

[S5-8] 

Biotechnology in  

the Cosmetics Industry 

79



Exploring the Upcoming Challenges in Biotechnology2020 한국생물공학회 추계학술발표대회 및 국제심포지엄: Hybrid-컨퍼런스

2020 KSBB Fall Meeting and International Symposium: Hybrid Conference

 S581   Skin Aging and Microbiome Cosmeceuticals Development 

 
Seunghun LEE 
HYUNDAI BIOLAND Co., Ltd., Ansan, Korea 
Corresponding Author Email : lab366@naver.com 
 
Skin is the largest organ in the human body and protects our body from the external environments. The skin 
barrier is located at the top of the skin and prevents water loss and intrusion of exposomes. If the skin barrier is 
damaged by surfactants or ultraviolet rays (UV), etc, it can lead to skin aging. Skin barrier structure and function 
are essential to human skin health. Skin microbiota are recongnized as integral components of the skin 
ecosystem, with microbial-immune cells interactions being vital for optimal skin barrier function. The outside-in 
hypothesis as theoretical basis was established for skin microbiome cosmetics with skin barrier enhancement. 
Lactic acid bacteria (LAB) exists in the human intestines or in the vagina of women and provides health benefits 
to the host. Also, LAB affects initial skin health of infant according to the birth type. C-section-delivered infants 
has different skin microbiota and high possibility through mother′s vagina containing numerous LAB such as 
Lactobacillus species. 
Lava-Dermabiotics HDB1234 using lava seawater fermentation technology to prevent skin irritation and 
enhance skin barrier. Also, Lava-Dermabiotics HDB1234 had a high nucleotide concentration through the lava 
seawater fermentation technology. Cytotoxicity of Lava-Dermabiotics HDB1234 on HaCaT and human fibro-
blast cells was not observed at the concentration up to 5% (v/v). When 5% (v/v) Lava-Dermabiotics HDB1234 
was treated on HaCaT cells, mRNA expression of claudin-1 (CLDN-1), serine palmitoyltransferase (SPT), and 
filaggrin (FLG) was higher than those of non-treated cells. Especially, mRNA of FLG was also confirmed by 
using western blotting and immunocytochemistry staining. These results indicated that Lava-Dermabiotics 
HDB1234 could be used as a potential cosmetic ingredient for skin barrier enhancement through CLDN-1, SPT, 
and FLG expression related to the formation of the skin barrier. 
  
Keywords : Lava-Dermabiotics HDB1234, skin barrier, filaggrin, skin microbiome 
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 S582   Biomimetic Cosmetics with Photonic Crystal Properties Using Cholesteric Liquid Crystal 

 
Heemuk OH1,2 
1Innovation Lab., Cosmax R&I Center, Sungnam, Korea, 2Department of Chemical & Biochemical Engineering, 
Dongguk University, Seoul, Korea 
Corresponding Author Email : hsk5457@dongguk.edu 
 
This study is about cosmetic materials that mimic natural creatures that have the optical properties of photonic 
crystal using cholesteric liquid crystal. Specific parts of natural creatures such as feathers of peacock and birds-
of-paradise, wings of Morpho butterflies, shells of jewel beetles, chameleon's skin selectively reflect specific 
wavelengths (narrow range of visible, near-infrared (IR-A), and ultraviolet rays (UV)) of incident light by 
photonic crystal structure. Based on this phenomenon, this study was conducted to apply cholesteric liquid 
crystal (CLC) as UV and IR-A blocking agents and color cosmetics agents. 
CLC refers to a liquid crystal (LC) compound capable of exhibiting a unique phase called a cholesteric phase. 
The cholesteric phase has a feature that the LC molecules form a helical structure with continuously changing 
directors perpendicular to the helical axis. Due to these properties, the CLC exhibits optical properties of a 
photonic crystal that selectively reflects light of a specific wavelength when in a cholesteric phase. Using these 
characteristics, the CLC is also used for display material such as an electronic note pad. By reason of the CLC 
selectively reflects narrow wavelengths range, there is no white cast like TiO2 powder, and there is an advantage 
that a special color can be produced without pigment or dye. 
For the research, various LC compounds which were biocompatible LC compounds (cholesteryl esters, chole-
steryl chloride, cholesteryl oleyl carbonate etc.) were selected. After that, the mixtures of various compositions 
were made to reflect each wavelength band in the UV-A (320-400 nm) region, visible light region (400-760 
nm), and the IR-A (760-1400 nm) region. Studies to find appropriate composition ratio were performed using a 
UV/Vis/NIR spectrometer. Since CLC is a thermotropic LC, selective reflection phenomenon is exhibited only 
in the temperature range of cholesteric phase. Therefore, the phase behavior of the studied LC mixtures was 
analyzed using a polarized optical microscope and a temperature controllable hot stage. Also, CLC mixtures 
reflecting IR-A were quantified using a recently developed human in vivo test method. The actual reflectance of 
IR-A on human skin can be measured following this method. 
In summary, several CLC mixtures were developed that selectively reflected the UV-A, visible and IR-A 
regions in the skin temperature range around 32 °C. It was also confirmed that the optical properties of the CLC 
were maintained when applied on the skin. 
 
Keywords : Cholesteryl liquid crystal, Photonic crystal, Sun-screen, Cosmetics 
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 S583   Reconstruction and Image Analysis of Mechano-sensitive Artificial Skin 
 

Hwa Sung SHIN 
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Corresponding Author Email : hsshin@inha.ac.kr 
 
Artificial skin has been recognized to be attractive and valuable source for regenerative medicines or an 
alternative to animal experiments. Especially, with the increasing animal testing regulations, the reconstructed 
skin tissues have widely been utilized for testing safety and efficacy of cosmetics, pharmaceuticals, or 
biomaterials. Skin is fatally exposed to mechanical or chemical stresses. This work is about integrative 
engineering for reconstruction of artificial skin which includes reactor design, bioprocessing, and monitoring of 
skin tissue culture. Skin tissue was cell-cultured in three dimensional nanofibrous scaffold, exposed to 
mechanical strain as well as air, and image model was constructed with the help of CNN-LSTM algorithm. 
Bioactives were well assessed in this system which better mimics the real skin tissue situations. 
  
Keywords : Artificial skin, Machine learning, Image analysis 
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 S584   Identification of Anti-skin Aging Components Derived from Microalgae 
 

Seunghee BAE 
Research Institute for Molecular-Targeted Drug, Department of Cosmetics Engineering, Konkuk University, 
Seoul, Korea 
Corresponding Author Email : sbae@konkuk.ac.kr 
 
Aging is an inevitable and natural process. A numerous study has shown that the skin aging is also affected by 
the extrinsic mechanisms and therefore the proper application of the biological active components can delay and 
improve the various aging processes characterized by features such as loss of collagen, wrinkling, hypopig-
mented spots, and hair loss. Recent studies using algae have proved that their derived components possess 
biological and pharmacological activity in vitro and in vivo. In our studies, we investigated to identify the novel 
protective and inhibitory components on various aged skin model. Using the extract library of algae, we 
screened the ultraviolet (UV) photoprotective effects of the extracts on human dermal fibroblasts. We found that 
the extracts of microalgae Nannochloropsis oceanica and Chlorella sp. have protective effects on UV-induced 
photodamage such as loss of cell viability, collagen downregulation, DNA damage and cellular senescence in 
human dermal fibroblasts. Further experiments revealed that the photoprotective effects of the extracts was 
mediated by the active components such as violaxanthin and beta-carotene. In addition, we found that Chlamy-
domonas reinhardtii significantly inhibited melanin contents in human epidermal melanocytes and artificial 
human skin equivalents. And we further found that the inhibitory effect was mediated by downregulation of 
Tyrosinase and MITF expression that are the key enzymes of melanogenesis. Lastly, loliolide, one of 
monoterpenoid components in algae, increased the viability and 3-dimentional spheroid size of human dermal 
papilla cells that regulate hair growth. Also, we found that those effects were related to upregulation of various 
hair growth promoting genes in DP cells. Taken together, these results indicate that algae derived components 
have biological active function in anti-skin aging process. 
 
Keywords : Anti-aging, Skin, Microalgae, Collagen, Melanin, Hair growth 
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 S591   Nanohybrid Platforms for Highly Efficient Cancer Spheroid Formation and Drug Screening 

 
Tae-Hyung KIM 
School of Integrative Engineering, Chung-Ang University, Seoul, Korea 
Corresponding Author Email : thkim0512@cau.ac.kr 
 
Recently, three dimensional in vitro cell culture has been emerged as a method to better mimic in vivo solid 
tumors and their microenvironment. Here, a new type of platform has been developed that enables highly 
efficient cancer spheroid formation using graphene oxide (GO) and the biocompatible polymer as core 
materials.1 Specifically, GO was selectively coated onto the sidewall of each cell-adhesion-repulsive micro-well 
(vGO-MP), which prevents planar cell growth and forces the vertical expansion of the cancer cells. Using this 
platform, various cancer cell spheroids (e.g. liver cancer, neuroblastoma, and glioblastoma) with uniform size 
and shape were generated. Moreover, due to spheroid-size and array uniformities, the effects of various 
anticancer compounds (e.g. cisplatin, hydroxyl urea, and curcumin) on cell viability were effectively assessed 
based on the reductions in the sizes of each spheroid.  
Besides an attempt to generate cancer spheroids in a highly efficient manner, precise detection of spheroids 
viability is another important issue for drug screening. Interestingly, we found that a highly conductive gold 
nanostructure (HCGN) generated on the indium tin oxide (ITO) film is effective in generating multicellular 
brain cancer spheroids, and is also capable of measuring spheroids viability based on the electrochemical 
detection method.2 We have previously reported that cells on the electrode surface show distinct redox signals 
when analyzed by electrochemical methods.3 These cell type-specific redox signals are proven to be extremely 
sensitive to the changes in cell viability and are thus effective in drug screening. Remarkably, such 
electrochemical signals of cancer cells were also found to be more sensitive to measure cell viability in three-
dimensional (3D) spheroids than conventional colorimetric assay under drug treatment conditions. Specifically, 
a decrease in 3D spheroid cell viability at a low curcumin concentration (30 µM) was detectable using this new 
method (29.4%) but not with a conventional colorimetric assay (cell counting kit-8). Taken together, it can be 
concluded that the nanohybrid platforms developed by our group are highly promising for rapid and precise 
anticancer drug screening based on 3D and multicellular cancer models. 
 
Keywords : Three-dimensional culture, cancer spheroids, drug screening, electrochemical detection, graphene 
oxide, Gold nanostructure 
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 S592   Multifunctional Biomaterial-mediated Cancer Immuno therapy via Natural Killer Cell Coating 
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Corresponding Author Email : kyobum.kim@dongguk.edu 
 
Natural Killer (NK) cells are alternative cellular resources to substitute previous T-cell based cancer-immuno 
therapies since their intrinsic properties of orchestrating antitumor immune responses via cellular cross-talk. In 
order to augment anticancer efficacies of NK cells, we designed multifunctional biomaterials for cell surface 
coating. Our cationic surface patching material contains five major functional moieties; (1) cell membrane 
anchoring lipid moiety, (2) PEG intracellular penetration blocker, (3) positive charge moiety for localized 
coacervation, (4) cancer targeting moiety, and (5) stimuli responsive moiety in cancer microenvironment. For 
efficient NK cell coating, 2 mg/mL of coating materials were treated to cells for 15 min at RT. Effective NK cell 
coating was maintained in culture media for 48 hr, and did not inhibit proliferation and cytokine production of 
NK cells. In addition, NK cellular aggregation was reduced as compared with non-coated NK cells, demon-
strating that the surface-engineered NK cells could be administrated by the injection through blood vessel 
without any technical issues in transport or circulation, and their blood vessel escape could be facilitated. pH 
responsive moiety in coating materials could be successfully dissociated in acidic cancer microenvironment and 
release antifolate. Furthermore, cancer targeting and anticancer ability of NK cells was enhanced by folate-
mediated cancer recognition. Therefore, this multifunctional biomaterial-mediated NK cell coating approach 
could be utilized as an efficient anti-cancer immunotherapy platform with augmented efficacy. 
  
Keywords : Natural killer cells, Cancer immuno therapy, Cell coating, Multifunctional biomaterials, anti-tumor 
efficacy 
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 S593   Combination of Functional Nanoparticles with Electrical Ablation for Cancer Immunotherapy 
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Recently, cancer immunotherapy has become standard for cancer treatment. The immunotherapy treats primary 
tumors and prevents metastasis and recurrence, representing a significant advantage over conventional cancer 
treatments. However, due to differences in each patient's immune activity, current cancer immunotherapy is 
limited to approximately 15~20% of all patients. Furthermore, unlike lymphoma, solid tumors evade anticancer 
immunity by forming an immune-suppressive tumor microenvironment (TME). To address these problems, 
functional nanoparticles, previously used as drug delivery vehicles, have recently been utilized worldwide for 
effective cancer immunotherapy. Here, we demonstrate a combinational approach with nanoparticular adjuvants 
and non-thermal electric ablation (EA) for tumor treatment. Indeed, the use of nanoparticular adjuvants with EA 
shows positive effects on activating anticancer immune responses. We believe that cancer immunotherapy based 
on nanoparticles has a great potential to overcome the limitations of current immunotherapy and generate 
synergistic effects via cooperation between nanoparticles and immune cells. 
 
Keywords : Cancer Immunotherapy, Nanoparticles, Electrical Ablation, Tumor, Combinational Treatment 
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 S594   Bioengineering Protein-based Nanocages as Immunotherapeutic Platforms for Cancer 
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Certain naturally occurring proteins consist of a number of subunit building blocks that are capable of self-
assembling to form nanoscale particles with highly organized, symmetrical, and homogeneous structures. These 
protein-based nanocages have high surface/volume ratios and other favorable properties, including mono-
dispersibility, high stability, low toxicity, biocompatibility, biodegradability, and capacity for easy genetic and 
chemical modification. Thus, these nanocages have attracted considerable research attention and have been 
manipulated for various applications. I have been studying on the design and modification of these properties of 
protein-based nanocages for nanomedicine, especially drug delivery and biomimetics systems. This talk dis-
cusses the bio-engineering of protein based-nanocages with a particular focus on applications for cancer 
immunotherapy. 
 
Keywords : Protein based-nanocages , Bioengineering, Cancer immunotherapy 
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 S595   Fusogenic Exosome-mediated Tumor Xenogenization for Cancer Immunotherapy 
 

Yoosoo YANG 
Center for Theragnosis, Biomedical Research Institute, Korea Institute of Science and Technology, Seoul, Korea 
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Membrane proteins are of great research interest, particularly because they are rich in targets for therapeutic 
application. Despite several efforts aimed at delivering membrane proteins to the defective cell membranes, 
currently workable approaches to treat such membrane defects have been elusive. This has proven difficult for 
membrane proteins, as their native conformation requires the association with an appropriate cellular membrane. 
One solution to this problem is to use exosomes as a display platform. Exosomes are membranous extracellular 
vesicles that are released from most cells. They may provide a perfect microenvironment for membrane proteins 
in terms of their conformation, activity, and membrane distribution, as membrane proteins can cluster into 
microdomains on the exosome surface following their biogenesis. Recently, we have developed exosome-based 
nano-platform for delivering membrane proteins directly into recipient cell membranes, which could act on 
target membrane modifications. In particular, we used these fusogenic exosomes to introduce viral antigens 
(VSV-G) onto the tumor cell surface, for xenogenizing (turning self to non-self) tumors. Our results suggest that 
tumor xenogenization by fusogenic exosomes provides a novel strategy for cancer immunotherapy. 
 
Keywords : Exosome, Membrane protein, Cancer immunotherapy 
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 S5101   Building a Multi-gene Metabolic Pathway in Yeast (Saccharomyces cerevisiae) by a Single 
gRNA-mediated, Multiplex CRISPR-Cas9 

 
Sihyun BAEK1, Ji Young LEE2, Kunal DALAL1, Yeo Joon YOON3, Dae-Kyun RO1 
1Department of Biological Sciences, University of Calgary, Calgary, Canada, 2Department of Chemistry and 
Nanoscience, Ewha Womans University, Seoul, Korea, 3Natural Products Research Institute, College of 
Pharmacy, Seoul National University, Seoul, Korea 
Corresponding Author Email : daekyun.ro@ucalgary.ca 
 
A budding yeast, Saccharomyces cerevisiae, is a versatile microbial platform to build synthetic metabolic 
pathways for production of diverse chemicals. To expedite the construction of complex metabolic pathways by 
multiplex CRISPR-Cas9 genome-edit, eight desirable intergenic loci, located adjacent to highly expressed genes 
selected from top 100 expressers, were identified and fully characterized for three criteria after integrating green 
fluorescent protein (GFP) gene - CRISPR-mediated GFP integration efficiency, expression competency assessed 
by levels of GFP fluorescence, and assessing growth rates of GFP integrated strains. Five best performing 
intergenic loci were selected to build the platform, and a synthetic 23-bp DNA comprised of 20-bp synthetic 
DNA with a protospacer adjacent motif (PAM) was seamlessly integrated into the five loci using CRISPR-Cas9 
in a sequential manner. This process resulted in five different yeast strains harbouring either one, two, three, 
four, or five synthetic gRNA-binding sites in their genomes. On these pre-engineered yeast strains, simultaneous 
integrations of 2-, 3-, 4-, or 5-genes to the targeted loci were demonstrated with efficiencies from 84.8% to 
98.0% using beet pigment betalain (3-gene pathway), kanamycin, and hygromycin resistance markers. Integra-
tions of the multiple, foreign genes in the targeted loci with 100% precision were firmly validated by genotyping 
forty transformants. Our quintuple gene integration platform, referred to as SBY105, was used to generate a 
yeast strain synthesizing costunolide by a single transformation. This study demonstrates the effectiveness of 
single gRNA-mediated CRISPR platform to construct complex metabolic pathways in yeast. 
 
Keywords : Yeast, CRISPR/Cas9, Genome edit, Multiplexing, Beet pigment 
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 S5102   Metabolic Engineering of Microorganisms for the Production of Chemicals and Polymers 

 
Si Jae PARK 
Division of Chemical Engineering and Materials Science, Ewha Womans University, Seoul, Korea 
Corresponding Author Email : parksj93@ewha.ac.kr 
 
Production of bio-based materials such as chemicals and polymers has drawn much attention as one of the 
promising solutions to solve fossil fuel depletion problem and environmental problems. Also, bio-based 
polymers having complete biodegradability have much potential to solve plastic waste accumulation and micro-
plastic problems. Biorefinery processes based on microbial fermentatitions have been developed to substitute 
chemical processes based on fossil oils since carbon neutral target products can be produced from renewable 
resources in sustainable manner. Microorganisms have been engineered to produce target products by metabolic 
engineering strategies. 
Here, the development of metabolically engineered microorganisms for the production of bio-based chemicals 
and polymers is discussed. 
 
Keywords : Biorefinery, metabolic engineering, biochemical, biopolymer, fermentation 
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 S5103   Computational Platform Technologies for Metabolic Engineering 

 
Hyun Uk KIM 
Department of Chemical and Biomolecular Engineering, Korea Advanced Institute of Science and Technology 
(KAIST), Daejeon, Korea 
Corresponding Author Email : ehukim@kaist.ac.kr 
 
With ever-increasing volume of biological data, computational platform technologies can greatly facilitate 
metabolic engineering, especially for the biological production of various chemicals and materials. To this end, 
relevant computational platform technologies will be discussed, including DeepEC [1] and GMSM [2]. DeepEC 
predicts enzyme commission (EC) numbers with high precision in a high-throughput manner by taking a protein 
sequence as an input [1]. GMSM [2] is a software program that uses DeepEC, which allows the automated 
reconstruction of genome-scale metabolic models [3]. DeepEC is a critical component of GMSM, which serves 
to associate a protein sequence with a specific biochemical reaction. It should be noted that these computational 
tools can also be applied to biomedical problems associated with metabolism. Continued efforts in developing 
computational platform technologies along with generation of meaningful biological data will innovate our 
approaches to tackling various metabolic engineering problems. 
 
Keywords : Metabolic engineering, Computational biology, Genome-scale metabolic model 
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 S5104   Systems Evaluation of Transcription Factors for Metabolic Engineering 

 
Donghyuk KIM 
School of Energy and Chemical Engineering, Ulsan National Institute of Science and Technology, Ulsan, Korea 
Corresponding Author Email : dkim@unist.ac.kr 
 
Global transcription factors (TFs) have been studied extensively in the reference strain Escherichia coli K-12 
MG1655 for the past few decades. However, conservation and possible diversity of regulons has not been 
experimentally investigated. With experimentally-derived pan-regulon definition for the highly conserved global 
Ferric uptake regulator (Fur), involved in iron homeostasis, we determined Fur regulons in nine E. coli strains of 
different phylogroups with ChIP-exo and RNA-seq. Thirty-six of the 469 target genes (8%) found belong to the 
core regulon, comprising genes involved in ion transport/metabolism, energy production/conversion, and amino 
acid transport/metabolism. Other 158 target genes (34%) comprise the accessory regulon, most of which were 
related to cell wall structure/biogenesis, and virulence factor pathways. The remaining target genes (58%) were 
unique to each strain, with largely unknown gene functions. The pan-regulon is applied to: 1) link strain-specific 
phenotypes (growth imparied, siderophore production, antibiotic resistance) to underlying molecular 
mechanisms; and 2) reveal that Fur has a disparate of target genes between the nine strains. Taken together, the 
Fur transcriptional regulation varies in the same E. coli species, though the binding pattern is broadly conserved. 
We thus, for the first time, provide experimental evidence of the Fur pan-regulon that shows surprisingly high 
diversity in regulon genes amongst strains of the same species. 
 
Keywords : Transcription Factor, Pan-regulon, ChIP-exo, Escherichia coli, Fur 
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 S5105   Activation of Entner-doudoroff Pathway in Escherichia coli for High 3-HP Production 

 
Sung Kuk LEE 
School of Energy and Chemical Engineering, Ulsan National Institute of Science and Technology (UNIST), 
Ulsan, Korea 
Corresponding Author Email : sklee@unist.ac.kr 
 
Recent concerns over global warming, the future availability of cheap conventional oil, and the sustainability of 
our existing petroleum-based economy have raised interest in harnessing microbial organisms for the production 
of chemicals from renewable biomasses. Prokaryotic glucose metabolism is particularly diverse, including the 
Embden-Meyerhof-Parnas Pathway (EMPP), Entner-Doudoroff Pathway (EDP), and Pentose Phosphate Path-
way (PPP), which produce pyruvate, reducing power (NADH and/or NADPH), and energy (ATP), occupying a 
central role in its growth and bio-production. 
Here, we generated a novel E. coli strain with a functional Entner-Doudoroff pathway (EDP), using pfkAB 
deletion for EMPP inactivation in conjunction with subsequent adaptive laboratory evolution. The evolved 
strain showed that 1) the growth rate increased approximately 6-fold over the 50 repeats of culture; 2) six 
mutations were accumulated for EDP activation during adaptive laboratory evolution (ALE), mostly in 
transcriptional regulators for glycolytic process and in glycolytic pathway-related enzymes; and 3) beneficial 
properties with regards to bio-production from cellulosic biomass were found, which consequently led to high 
lycopene and 3-hydroxypropionic acid (3-HP) production. These results indicate that E. coli strain can recover 
from the loss of a major metabolic pathway for short period evolution and that adaptation can provide novel 
features for certain biotechnological purposes. 
  
Keywords : adaptive laboratory evolution, Embden-Meyerhof-Parnas Pathway, Pentose Phosphate Pathway, 3-
hydroxypropionic acid 
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 S5106   Biological Upcycling of PET (Polyethylene Terephthalate) into Value-added Chemicals 

 
Jeong Chan JOO1, Si Jae PARK2, Kyoung Heon KIM3, Bong Keun SONG4, Hyun Gil CHA4, Hee Taek KIM4 
1Department of Biotechnology, The Catholic University of Korea, Bucheon, Korea, 2Division of Chemical 
Engineering and Materials Science, Ewha Womans University, Seoul, Korea, 3Department of Biotechnology, 
Graduate School, Korea University, Seoul, Korea, 4Research Center for Bio-based Chemicals, Korea Research 
Institute of Chemical Technology, Daejeon, Korea 
Corresponding Author Email : jcjoo@catholic.ac.kr 
 
Over 360 million tons of plastics are produced globally, but the recycling rate accounts for only less than 9% of 
the plastics produced because the value of recycled plastics is low due to poor material properties. Plastic 
upcycling into value-added materials is of considerable interest for sustainable society and industry. Among 
various plastics, poly(ethylene terephthalate) (PET) that is synthesized with terephthalic acid (TPA) and 
ethylene glycol can be chemically depolymerized thorough benign methods and then, TPA can be valorized into 
value-added aromatic chemicals or biodegradable monomers through whole-cell biocatalyst. In this talk, 
enzyme and metabolic engineering approaches for biological upcycling of PET waste will be presented. 
 
Keywords : Poly(ethylene terephthalate), Plastic upcycling, Biological valorization 
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 S5107   Ribocomputing: Leveraging RNA for Computation in the Cell 

 
Jongmin KIM 
Department of Life Sciences, Pohang University of Science and Technology, Pohang, Korea 
Corresponding Author Email : jongmin.kim@postech.ac.kr 
 
Synthetic biology aims to develop engineering-driven approaches to the programming of cellular functions that 
could yield transformative technologies. Synthetic gene circuits that combine DNA, protein, and RNA 
components have demonstrated a range of functions such as bistability, oscillation, feedback, and logic capabi-
lities. Despite many advances, technical challenges remain for scaling up the complexity of these networks due 
to the limited number of designable, orthogonal, high-performance parts, the empirical and often tedious 
composition rules, and substantial resource requirements for encoding and operation. Here, we report a strategy 
for constructing RNA-only nanodevices to evaluate complex logic in living cells. Such ‘ribocomputing’ systems 
are composed of de novo designed parts and operate via predictable and designable base-pairing rules, allowing 
for effective in silico design of computing devices with prescribed configurations and functions in complex 
cellular environments. We demonstrate that these ribocomputing devices in Escherichia coli can evaluate two-
input logic expressions with dynamic range up to 900-fold and scale them to four-input AND, six-input OR, and 
a complex 12-input logic expression [1]. We further demonstrate that ribocomputing design strategy can be used 
to develop a large library of high-performance translational repressors and 4-input NAND logic gates [2]. 
Successful operation of ribocomputing devices based on programmable RNA interactions suggests that systems 
employing the same design principles could be implemented in other host organisms or in extracellular settings. 
 
Keywords : RNA synthetic biology, logic circuits, molecular computation 
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 S5108   Automated Genome Engineering of Corynebacterium glutamicum At The SKy BioFoundry 

 
Han Min WOO1,2 
1Department of Food Science and Biotechnology, Sungkyunkwan University (SKKU), Suwon, Korea, 
2BioFoundry Research Center, Sungkyunkwan University (SKKU), Suwon, Korea 
Corresponding Author Email : hmwoo@skku.edu 
 
Biofoundries provide an integrated robotic platform to enable the rapid design, construction, and testing of 
genetically reprogrammed organisms for biotechnology applications and research. I present here the SKy Bio-
fundry, Sungkyunkwan University that focuses on automated genome engineering of industrial microorganisms 
as an exemplar model. The SKy Biofoundry, as a member of the Global BioFoundry Alliance, is capable of 
performing automatic actions for various experiments such as gene cloning and colony selections using an 
integrated robotic and CRISPR-genetic platform. As a result, automated genome engineering of Corynebac-
terium glutamicum, as a model bacterium, was successfully performed at the SKy BioFoundry, generating 
thousands of vectors and designed mutants. The experiences for building an automated process will be shared 
and the principles of synthetic biology also will be discussed to promote a genetic understanding of industrial 
bacteria and to demonstrate the DBTL (Design-Build-Test-Learn) cycle. For more information, please visit the 
website of the SKy Biofoundry.  
 
Website: Google ‘SKy BioFoundry’. The SKy BioFoundry is an Open Lab-oriented platform for the community 
of the industrial biotechnology through the Research and Business Foundation of the SKKU. 
 
Keywords : BioFoundry, Genome engineering, C. glutamicum, Synthetic biology, Automatioin, Robotics 
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 S5111   Discovery and Engineering of New Biocatalyst by Transcriptional Regulator Based Biosensor 
 

Soo-Jin YEOM 
School of Biological Sciences and Technology, Chonnam National University, Gwangju, Korea 
Corresponding Author Email : soojin258@jnu.ac.kr 
 
Identifying novel biocatalysts, in particular, novel enzymes or pathways that play key roles in biosynthesis of 
non-native molecules of interest, is important to the industrial synthesis of chemical products. The discovery and 
engineering of enzymes or pathways involved in the synthesis of a desired product are often limited by a lack of 
sufficiently sensitive and rapid screening tools for the identification of candidate genes from large natural or 
synthetic gene libraries. The ligand-inducible transcription factor (TF) based genetically encoded biosensors 
have untapped potential as tools for screening novel enzymes, pathways, protein engineering; thus, extensive 
efforts have been made to develop high-throughput screening (HTS) biosensors equipped with fluorescence-
based genetic circuit devices. We expect this simple and accurate biosensor to have wide-ranging applications in 
rapid screening of new biochemical-synthesizing enzymes and metabolic engineering for valuable chemical 
production. 
  
Keywords : Synthetic biology, Biosensor, Enzyme engineering 
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 S5112   FDH as a Non-photosyntheic CO2 Utilizing Enzyme 

 
Kyoungseon MIN 
Gwangju Bio/Energy R&D Center, Korea Institute of Energy Research, Gwangju, Korea 
Corresponding Author Email : min4605@kier.re.kr 
 
Due to climate change, recent research interests have increased towards CO2 utilization as a strategy to mitigate 
the atmospheric CO2 level. Herein, we aimed to explore formate dehydrogenases (FDHs) from chemoautotroph 
to discover an efficient and O2-tolerant biocatalyst for catalyzing the CO2 reduction to a versatile formate. 
Through genome-mining and phylogenetic analysis, the FDH from Rhodobacter aestuarii (RaFDH) was newly 
discovered as a promising O2-tolernat CO2 reductase and was successfully expressed in Escherichia coli. In this 
study, the optimum conditions and turnover rates of RaFDH were examined for CO2 reduction and formate 
oxidation. In particular, the RaFDH-driven CO2 reduction far surpassed the formate oxidation with a turnover 
rate of 48.3 and 15.6 min-1, respectively. The outstanding superiority of RaFDH towards CO2 reduction can be 
applicable for constructing a feasible electroenzymatic system that produce a versatile formate from CO2 as a 
cheap, abundant, and renewable resource. 
 
Keywords : CO2 reductase, Rhodobacter species, CO2 reduction, formate 
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 S5113   Investigation the Ferredoxin's Influence on the Anaerobic and Aerobic, Enzymatic 
H2 Production 

 
Jamin KOO, Yeun CHA 
Department of Chemical Engineering, Hongik University, Seoul, Korea 
Corresponding Author Email : jaminkoo@hongik.ac.kr 
 
Ferredoxins (Fd) are redox proteins that mediate electron metabolism in various cells across diverse organisms. 
The Fe-S cluster(s) in ferredoxins are responsible for electron acceptance and transfer to redox partners. The 
type and number of Fe-S clusters can vary, which in turn impact the rate at which electrons are delivered, as 
well as redox potential of ferredoxins. The native redox partners of ferredoxins include hydrogenases. FeFe 
hydrogenases can receive electrons from reduced ferredoxins (Fdred) and combine them with protons to catalyze 
H2 production. This redox biochemistry between ferredoxins and hydrogenases can be exploited for biological 
H2 production and contribute to reduction of CO2 emission in supplying H2.  
Recently, we have developed physiological assays and analytical methods for characterizing O2 sensitivity of 
FeFe hydrogenases during H2 production. We discovered that Fdred can lose electrons to O2 at rates that 
significantly impact the aerobic H2 yield and productivity.In this work, we study this biochemical reaction at a 
greater detail to better understand its implications for biological H2 production and photosynthesis. We study 
how electron loss from Fdred to O2 varies among different combinations of ferredoxin NADP+ reductases (FNR) 
and ferredoxins with the goal of identifying the most effective combination in minimizing the electron leakage. 
We compare the electron loss to O2 between fermentative and photosynthetic H2 production pathways and discuss 
the impact on cellular energy metabolism. The findings of this study are directly relevant to biohydrogen, and 
can also enrich the scientific community with knowledge on the influence of O2 on cellular electron metabolism. 
 
Keywords : ferredoxin, biohydrogen, redox protein, metalloprotein 
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 S5114   Engineering a Plant Viral Coat Protein for in vitro Hybrid Assembly of Catalytic Nanofilaments 

 
Byung Hoon JO 
Division of Life Science, Gyeongsang National University, Jinju, Korea 
Corresponding Author Email : jobh@gnu.ac.kr 
 
Plant virus-based nanoparticles are used as self-assembled protein scaffolds for the construction of enzyme 
nanocarriers. To date, one-pot production and coupling of both enzymes and scaffolds by genetic conjugation 
have been demonstrated only in plants. Herein, we report bacterial production and in vitro self-assembly of 
nanofilaments for CO2 capture. Filamentous virus-like particles (VLPs) were successfully formed by genetically 
fusing carbonic anhydrase from Hydrogenovibrio marinus (hmCA) to the N terminus of the coat protein (CPPVY) 
of potato virus Y with a flexible linker. The instability of VLPs against proteolytic degradation was circum-
vented by the periplasmic export of the fusion protein. The truncated form of CPPVY coexpressed by internal 
translation was crucial for the successful formation of long filamentous VLPs by alleviating steric hindrance via 
hybrid assembly. The fast and economic bottom-up fabrication of highly active nanobiocatalyst allows the 
nanofilaments to be efficiently used and recovered in potential biocatalytic and biosensor systems. 
 
Keywords : virus-like particle, potato virus Y, carbonic anhydrase, Hydrogenovibrio marinus, in vitro assembly, 
carbon dioxide capture 
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 S5115   Blood Protein Biomarkers as Severity Diagnostic Tool for SARS-CoV-2-related Illnesses 
 

Hee Ho PARK 
Division of Chemical Engineering and Bioengineering, Kangwon National University, Chuncheon, Korea 
Corresponding Author Email : hhpark@kangwon.ac.kr 
 
The outbreak of highly contagious and deadly SARS-CoV-2, also known as Coronavirus Disease 2019 (COVID-
19) has posed a serious threat to public health across the globe, calling for the development of effective 
diagnostic markers and therapeutics. Here, we report highly reliable severity diagnostic biomarkers; acetylated 
676th lysine transforming growth factor beta-induced protein (TGFBIp K676Ac), Wnt5a, Wnt11, and sterol 
regulatory element binding protein-2 C-terminal fragment (SREBP-2 C-term). The TGFBIp K676Ac, Wnt5a, 
and SREBP-2 C-term were consistently elevated in the blood of SARS-CoV-2-infected patients; especially in 
severe COVID-19 patients. However, Wnt11 showed opposite pattern in severe COVID-19 patients. Treatment 
of neutralizing antibodies suppressed the cytokine storm. The difference in the blood protein level in severe 
COVID-19 patients imply potential application as a reliable severity diagnostic biomarker for SARS-CoV-2-
related respiratory diseases. 
 
Keywords : SARS-CoV-2, pneumonia, ARDS, septic shock, blood protein biomarker, severity diagnostic tool 
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 S611   Development of Multi-functional NK Cell Coating Materials for Enhanced Cancer Immuno 
Therapy 

 
Sungjun KIM, Kyobum KIM 
Department of Chemical & Biochemical Engineering, Dongguk University, Seoul, Korea 
Corresponding Author Email : kyobum.kim@dongguk.edu 
 
We designed multifunctional cell coating materials to improve anticancer efficacy of NK cell. This material has 
5 functional moieties; (1) cell membrane anchoring moiety, (2) intracellular penetration blocker, (3) positive 
charge moiety, (4) cancer targeting moiety, and (5) cancer microenvironment responsive moiety. In order to NK 
cell coating, 2 mg/mL of coating materials were treated to cells and incubated at R.T. for 15 min. Cell coating 
was remained in culture media for 48 hr. In addition, after cell coating, proliferation and cytokine production of 
NK cells were not inhibited after cell coating. Moreover, cell aggregation was inhibited in coated NK cells, 
demonstrating that when the surface-engineered NK cells are administrated into the body through a syringe, 
they couldn’t obscure the needle and could facilitate blood vessel escape. The pH responsive bond was disso-
ciated in cancer microenvironment like acidic condition and released antifolate. Furthermore, cancer targeting 
and anticancer ability of NK cells was enhanced by folate mediated cancer recognition. Therefore, NK cell 
coating technique could be used as an anti-cancer immunotherapy platform with enhanced efficacy. 
 
Keywords : Natural killer cell, Anticancer, Cell coating, Cancer immunotherapy 
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 S612   Development of Intra-arterial Delivery of Ultrasound Activated Microbubble-doxorubicin 
Loaded Nanoparticle Complex for Trans-arterial Chemoembolization 

 
Doyeon KIM1, Kyuhee YUM1, Jaehun JUNG1, Mingyun KIM1, Kyoungyeon OH1, Hyuncheol KIM1,2 
1 Department of Chemical and Biomolecular Engineering, Sogang University, Seoul, Korea, 2 Department of 
Biomedical Engineering, Sogang University, Seoul, Korea 
Corresponding Author Email : hyuncheol@sogang.ac.kr 
 
Transarterial chemoembolization (TACE) is an image-guided locoregional therapy used for the treatment of 
patients with primary or secondary liver cancer. However, significant amount of the infused anticancer drug 
passes into systemic circulation, which cause side effects. To reduce systemic adverse issues and enhance local 
drug delivery efficiency, we have developed doxorubicin loaded human serum albumin nanoparticles-
microbubble complex, and emulsified in an iodized oil emulsion. This complex enables ultrasound-triggered 
local delivery by sonoporation effects and enhance therapeutic efficiency to the target site. The intra-arterial 
administration and ultrasound irradiation of nanoparticle-microbubble for transarterial chemobolization 
sufficiently reduced tumor growth compared to the control group in the VX2 rabbit tumor model. Pathological 
analysis showed that nanoparticle-microbubble group demonstrated a higher necrotic fraction and lower viable 
tumor volume. In conclusion, this study shows that liver tumor suppression can be maximized by combining 
ultrasound exposure with intra-arterial administration in transarterial chemoembolization. 
  
Keywords : TACE, chemoembolization, Hepatocellular carcinoma, ultrasound, microbubble, nanoparticle  
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 S613   Hypergravity Enhances Natural Killer Cell-mediated Cytotoxicity against Breast Cancer Cells 

 
Minseon LEE1, Dongjoo KIM2, Soonjo KWON1 
1Department of biological Engineering, Inha University, Incheon, Korea, 2Biology and Medical Device Evaluation 
Team, Korea Testing & Research Institute, Gwacheon, Korea 
Corresponding Author Email : alstjs7062@naver.com 
 
NK (Natural Killer) cells have pivotal roles in the innate immune system and immunotherapy using NK cells 
has been studied for tumor therapies. However, some major bottlenecks still remain, including actin cyto-
skeleton-induced immunosuppressive mechanism which is termed “actin response” in breast cancer cell line [1]. 
In this study, we design hypergravity as a new strategy to overcome the immune resistance and improve the 
effectiveness of immunotherapy. Exposure of hypergravity to cancer cells could induce changes in F-actin 
cytoskeleton structure by increasing mechanical load, suppressing the actin- mediated immune escape 
mechanism. The breast cancer cell line MDA-MB-231 was exposed three times to 10xg hypergravity, with 20‐
min rest periods between each exposure. After the treatment with NK cell for 4 hours with 3:1 effector-to-target 
(E: T) ratio, cytotoxicity of MDA-MB-231 cells dramatically increased from 4% (control) to 18% (hyper-
gravity) under hypergravity condition. This result was supported by the fluorescence image and western blot 
analysis of F-actin which resulted in decrease in total F-actin ratio. Gene expression level of N-WASP, CDC42, 
ACTR2 associated with F-actin polymerization increased after exposure to reconstruct the cytoskeleton 
structure. These findings suggest a strategy for enhancing the efficiency of NK cell-mediated cytotoxicity, 
which can be used in combination with developed chemical or immunotherapy for tumors.  
** This study was supported by the National Research Foundation of Korea (NRF) grant funded by the Korea 
government (MEST) (2020R1F1A1048494). 
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 S615   Enhanced Proliferation and Osteogenic Differentiation of Mesenchymal Stem Cells by Hypoxia-
induced Chemicals 

 
Hyoungki KIM, Soonjo KWON 
Department of biological Engineering, Inha University, Incheon, Korea 
Corresponding Author Email : soonjo@gmail.com 
 
Mesenchymal stem cells (MSCs) have been considered effective treatments for damaged tissues or organs [1]. 
However, production of MSCs using static culture is extremely limited because it is difficult to scale-up. For 
this reason, various methods to massively produce MSCs in bioreactor have been tried recently. Hypoxia 
condition is considered as an important factor in enhancing proliferation. Hypoxia inducible factor-1 alpha 
(HIF-1α) expressed in hypoxia condition affects proliferation of MSCs and express vesicular epithelial growth 
factor (VEGF). Cobalt chloride (CoCl2) and Sodium sulfite (Na2SO3) was used to mimic in vitro hypoxic 
environment without affecting cell viability [2]. In this study, we used cobalt chloride and sodium sulfite to 
increase expression of HIF-1α. We cultivated the MSCs on Cytodex 3 microcarrier in spinner flask in order that 
it is possible to scale-up in bioreactor. As a result, MSCs which are cultivated in hypoxic environment increased 
in proliferation by 4.71 ± 0.67 times for 7 days. VEGF and osteogenic differentiation markers (ALP, RUNX2, 
COL1A, Osteocalcin) also increased significantly. This study will provide the fundamental knowledge for 
producing large amounts of MSCs in bioreactor. In addition. this study provide the insight that osteogenic 
differentiation of MSCs in hypoxic condition can proceed more effectively.  
** This study was supported by the National Research Foundation of Korea (NRF) grant funded by the Korea 
government (MEST) (2020R1F1A1048494). 
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 S616  Simultaneous Multiplexed Detection of Exosome Biomarkers for Prostate Cancer Diagnosis 

 
Hee Cheol YANG1, Seongcheol CHO1, Won Jong RHEE1,2 
1Dept. of Bioengineering and Nano-bioengineering, Incheon National University, Incheon, Korea, 2Division of 
Bioengineering, Incheon National University, Incheon, Korea 
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Because the tumor is extremely heterogeneous, a single biomarker cannot reflect the exact symptoms of the 
disease or its stage. Exosomes are biomarker reservoirs that provide disease information with a high accuracy, 
especially when specific markers, including microRNAs (miRNAs) and proteins, are combined. Currently 
available exosome miRNA and protein detection methods are PCR, ELISA, etc. However, these methods have 
issues such as time consuming, expensive, and laborious. Meanwhile, simultaneous detection of an exosome 
miRNA and protein in a single reaction is even more challenging. Thus, development of an efficient method for 
detecting multiple miRNAs and proteins in a single reaction is highly needed. Herein, to increase the value of 
using exosomes over other circulating biomarkers for prostate cancer (PCa) liquid biopsy, a method for 
simultaneous multiplexed in situ detection of exosomal miRNAs and proteins was developed. Exosome 
miRNAs and surface proteins were simultaneously detected in captured exosomes with a high specificity, using 
nano-sized molecular beacons and fluorescent dye-conjugated antibodies. The method allowed the quantitative 
analysis of various disease-specific miRNAs and surface proteins in PCa cell-derived exosomes in a single 
reaction. Overall, simultaneous multiplexed in situ detection of exosome miRNAs and surface proteins can be 
developed as a simple, cost-effective, non-invasive liquid biopsy method for diagnosing PCa. 
 
Keywords : Exosome, microRNA, surface protein, molecular beacon, prostate cancer, simultaneous multi-
plexed detection 
References  
1. S. Cho, H. C. Yang and W. J. Rhee, Biosens Bioelectron. 146, 111749 (2019). 
2. J. H. Lee, M. H. Kwon, J. A. Kim and W. J. Rhee, Artif Cells Nanomed Biotechnol. 22, 52-63 (2018). 
3. J. H. Lee, J. A. Kim, S. Jeong and W. J. Rhee, Biosens Bioelectron. 86, 202-210 (2016). 
4. J. H. Lee, J. A. Kim, M. H. Kwon, J. Y. Kang and W. J. Rhee, Biomaterials. 54, 116-125 (2015).  
  

111



Exploring the Upcoming Challenges in Biotechnology2020 한국생물공학회 추계학술발표대회 및 국제심포지엄: Hybrid-컨퍼런스

2020 KSBB Fall Meeting and International Symposium: Hybrid Conference

 S617   In vitro Model of Oxygen Concentration Controllable Placental Blood Vessel Remodeling 

 
Hyeran CHO1, Jin Hyuk WOO2, Sunhee YOON1, Seorin JEONG2, Ahmed FUWAD2, Sun Min KIM2, Tae-Joon 
JEON1 
1Department of Bioengineering, Inha University, Incheon, Korea, 2Department of Mechanical Engineering, 
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Corresponding Author Email : tjjeon@inha.ac.kr, sunmk@inha.ac.kr 
 
In the early stage of pregnancy, the maternal spiral artery is expanded through trophoblast invasion. If the artery 
remodeling is performed abnormally, the lack of blood flow to the fetus can occur various problems. As a in 
vitro platform to study this phenomenon, we present the Placenta-on-a-Chip that can recapitulate the placental 
microenvironment. We focus on the interaction between the maternal blood vessel and the trophoblast. To 
mimic the placental barrier's function and structure, suitable cells and extracellular matrix were selected. Human 
umbilical vascular endothelial cells (HUVEC) and human-derived trophoblasts (HTR-8) were co-cultured in a 
dynamic environment. Matrigel was adopted due to the high similarity with the placental ECMs composition. 
Since the severe hypoxia is one of the key factors of abnormal trophoblast invasion, the separate oxygen 
concentration controllable channel is designed. Endothelial cells were aligned and differentiated under physio-
logical shear stress. During long term co-culture, more trophoblasts were invaded into the vascular channel 
through the Matrigel layer at low oxygen concentration compared with the normal one. 
 
Keywords : Placenta-on-a-Chip, Hypoxia, Microfluidics 
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 S618   Exosome-mediated Bidirectional Signaling between Mesenchymal Stem Cells and Chondrocytes 
for Enhanced Chondrogenesis 

 
Youngguk KIM, Kyobum KIM 
Department of Chemical and Biochemical Engineering Dongguk University, Seoul, Korea 
Corresponding Author Email : kyobum.kim@dongguk.edu 
 
Exosomes of human mesenchymal stem cells (hMSC) are known to effectively increase the proliferation rate of 
chondrocytes and stimulate cartilage extracellular matrix. However, the therapeutic efficacy of the other 
signaling direction (i.e., the effect of chondrocyte-derived exosomes on hMSC) has not been extensively 
investigated. Therefore, the present study was designed to investigate exosome-mediated in vitro bidirectional 
signalings between progenitor hMSC and mature chondrocytes in cartilage tissues with various culture medial 
formulations. The exosomes isolated from bovine chondrocytes (BC) and hMSC (50 μg/ mL of exosomes per 
3000 cells) were treated to hMSC and BC, respectively. Both cells were cultured in media formulations with 
10% FBS, 10% exosome free FBS, and 0.5% FBS. A variety of cellular responses by exosome treatments inclu-
ding proliferation, chondrogenic differentiation, cartilage extracellular matrix (ECM) deposition were evaluated 
using WST-1 assay, RT-PCR, and alcian blue staining for glycosaminoglycan (GAG) content. The results 
demonstrated that bidirectional exosome treatments increased proliferation of both BC and hMSC, and similar 
bidirectional influences including chondrogenic differentiation, glycosaminoglycan (GAG) ECM deposition 
were also up-regulated in both cell populations. Moreover, exosome-mediated in vitro activation between two 
cell populations could be regulated by media formulations. Therefore, exosomes could play important signaling 
roles in communication between two major cell populations in cartilage tissues. 
 
Keywords : exosome, bidirectional signaling, mesenchymal stem cell, chondrocyte, cartilage regeneration 
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 S619  Pulmonary Protective Functions of Rare Ginsenoside Rg4 on Particulate Matter-induced 
Inflammatory Responses 

 
Hyunchae SIM1, Wonhwa LEE1,2, Sae-Kwang KU3, Ji-Eun KIM4, Ga-Eun CHOI4, Gyu-Yong SONG4, Jong-
Sup BAE1 
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and Anatomy, College of Korean Medicine, Daegu Hanny University, Gyeongsan, Korea, 4College of 
Pharmacy, Chungnam National University, Daejeon, Korea 
Corresponding Author Email : baejs@knu.ac.kr 
 
Inhalation of fine particulate matter (PM2.5) is associated with an increase in lung injury caused by the loss of 
integrity of the vascular barrier. The rare ginsenoside Rg4 is a main protopanaxatriol type ginsenoside of black 
ginseng (BG). The aim of this study was to investigate the beneficial effects of Rg4 on PM-induced lung 
endothelial cell (EC) barrier disruption and pulmonary inflammation. Permeability, leukocyte migration, activa-
tion of proinflammatory proteins, generation of reactive oxygen species (ROS), and histology were examined in 
PM2.5-treated EC and mice. Rg4 significantly scavenged PM2.5-induced ROS, inhibited ROS-induced activation 
of p38 mitogen-activated protein kinase (MAPK), activated Akt in purified pulmonary endothelial cells, which 
helped maintain endothelial integrity. Further, Rg4 reduced vascular protein leakage, leukocyte infiltration, and 
proinflammatory cytokine release in bronchoalveolar lavage fluids in PM-induced mouse lung tissues. Data 
suggested that Rg4 might exhibit protective effects in PM-induced inflammatory lung injury and vascular 
hyperpermeability. 
 
Keywords : Rg4, particulate matter, vascular permeability, Akt 
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 S621   Efficient Delivery of Short-interfering RNA through Fusion Peptide-mediated Nano-complexes 
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2Division of Bioengineering, Incheon National University, Incheon, Korea, 3Graduate Institute of Biomedical 
Engineering, National Chung Hsing University, Taichung, Taiwan 
Corresponding Author Email : bhwang@inu.ac.kr 
 
Exogenous short-interfering RNA (siRNA) delivery has a potential for fundamental gene therapy by mediating 
RNA interference, which could silence target genes with high specificity. Due to the hydrophilicity and 
instability of siRNA, there is a need for a suitable and stable system for efficient delivery. Herein, we designed 
the fusion of two peptides that can form a self-assembled nano-complex with siRNA by electrostatic attraction 
and enhance cellular penetration through hydrogen bonding, respectively. The fusion peptides (FPs) formed a 
more uniform nano-sized and slight positively charged nano-complexes with siRNA than the single peptides 
did. Also, they protected the siRNAs from the degradation and improved the stability in the presence of serum. 
The nano-complexes showed better uptake efficiency for various cells than that of the conventional control, and 
the FP-3 nano-complexes induced the knockdown of target mRNA by 38% in HeLa and 50% in HaCaT. They 
were found to penetrate the cell membrane by lipid raft-mediated endocytosis, and all FPs showed no significant 
cytotoxicity even at 0.2 mg/mL in primary cells. Finally, the nano-complexes improved the stability of siRNA 
in vivo and heightened a retention effect at the tumor site. Thus, the novel fusion peptides are promising carriers 
that can be utilized with excellent potential in siRNA delivery systems in vitro and in vivo. 
  
Keywords : Gene silencing, Gene delivery, siRNA, Peptide, Nano-complex 
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 S622   Efficient RNA Delivery Using Electroporation System in Mammalian Cells 
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Gene therapy using existing DNA has a problem that there is a risk of being inserted into genomic DNA, and it 
must reach the cell nucleus for gene expression. On the other hand, RNA, unlike DNA, has the advantage that 
there is no risk of being inserted into genomic DNA as "non-integration" in theory, and it does not have to reach 
the cell nucleus for expression. As such, in the medical field, as the status of RNA, which has many advantages 
over DNA, has increased, a number of methods for efficiently delivering RNA into cells are being studied. 
Representatively, methods such as Lipid nanoparticle, Electroporation, and Injection are used. Among them, 
electroporation has great potential as it can deliver naked form RNA and can be used in combination with other 
methods. Therefore, in this study, after introducing RNA into cells using a droplet-based digital electroporation 
method, we evaluate the delivery efficiency of RNA. With these results, we would like to propose an efficient 
RNA delivery system. 
 
Keywords : RNA delivery, Electroporation, RNA vacccine 
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 S623  MoS2 Hybrid Nanostructure Based Biosensor and Bioactuator Toward Biohybrid Robot 

 
Minkyu SHIN, Jeong-Woo CHOI 
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Enhancement of biosensing signal and bioactuator motion have been needed for development of biohybrid 
robot. In this study, Ag decorated MoS2 nanoparticle (Ag@MoS2) was applied to enhance the signal of 
dopamine biosensor for neural signal sensing, and MoS2 nanosheet was applied to increase the motion of the 
skeletal muscle cell based electrochemical actuator. To fabricate electrochemical dopamine biosensor 
Ag@MoS2 hybrid nanoparticle was spin-coated on the indium tin oxide (ITO) electrode. The fabricated 
biosensor showed high sensitivity, selectivity and reproducibility due to the superior electrochemical properties 
of Ag@MoS2. And bioactuator composed of muscle cells/MoS2 nanosheet based biohybrid was developed, 
which augmented the motion of muscle cells. The proposed biosensor and bioactuator can be applied to 
construct the biohybrid robot with motion control by sensing function.  
** This research was supported by the National Research Foundation of Korea (NRF) grant funded by the Korea 
government (MSIT) (No.2019R1A2C3002300) 
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 S624   Development of Selective Therapeutics Based on Vacuole Drug Delivery System for Effective 
Acute Myeloid Leukemia (AML) Therapy 
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Conventional cancer treatments are performed through radiotherapy or chemotherapy. These therapies are non-
specific therapies with low therapeutic efficiency and significant side effects. Selective therapeutics is one of 
spotlighted field in pharmaceutical industry. Target specific drug delivery is main concept of this strategy. This 
research is concerned for studying to improve efficiency for drug delivery by target selectivity, suitability and 
economical production of drug delivery system based on bio-derived materials. The budding yeast, 
Saccharomyces cerevisiae, is one of the best studied eukaryotic models. S. cerevisiae has prominent vacuole 
correspond to lysosome. In this study we constructed some recombinant yeast for drug delivery.  The vacuoles 
with targeting peptide showed enhanced efficacy to HL-60 cells. This study demonstrates that yeast derived 
vacuoles with nano-sizing and targeting ability can be used potential bio-based drug delivery system for cancer 
therapy. Also, this vacuole system provides potential strategies and platform for disease selective treatment 
through simple manipulation of vacuole. 
 
Keywords : recombinant yeast, lysosomes, drug delivery vehicles, cancer therapy 
References  
1.  Jihee Yoon, Simranjeet Singh Sekhon, Yang-Hoon Kim and Jiho Min, Mol Cell Biochem, 417 (2016). 
2. Vipul Gufrati, Miriam Lee, Young-Joon Ko, Sangeun Lee, Daejin Kim, Hyungjun Kim, Sukmo Kang, 

Soyoung Lee, Jinjoo Kim, Hyungsu Jeon, Sun Chang Kim, Youngsoo Jun and Sangyoung Jon, Proc Natl 
Acad Sci U S A, 113 (2016). 

3. Christer Paul, Jan Liliemark, Ulf Tidefelt, GÖsta Gahrton and Curt Peterson, Ther Drug Monit, 11 (1989). 
  

119



Exploring the Upcoming Challenges in Biotechnology2020 한국생물공학회 추계학술발표대회 및 국제심포지엄: Hybrid-컨퍼런스

2020 KSBB Fall Meeting and International Symposium: Hybrid Conference

 S625   Aptamer-directed Covalent Conjugation of DNA to an Intact Protein 
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Protein-DNA conjugates are highly advantageous to the field of biotechnology [1]. If a specific DNA is 
conjugated to an active protein, it is not only used to identify, manipulate and functionalize the conjugated 
protein but also, in itself, a programmable linker that can connect the protein to other molecules. For this reason, 
the protein-DNA conjugates have been actively used for many interesting applications, including organelle 
tracking within a cell, ultrasensitive protein detection, DNA-mediated protein assembly, etc. However, 
maintaining a protein activity is always a critical issue even after the conjugate production, so various strategies 
have been suggested to covalently link a DNA to a specifically desired location of a protein [2]. In this work, we 
propose the use of nucleic acid base analogue for the aptamer-directed covalent conjugation of DNA to an 
unmodified protein. When a guanine base is treated with nitrous acid, the guanine analogue possesses a unique 
feature to mediate activation-free crosslinking with nearby proteins. We invented a synthetic way to prepare this 
reactive base-containing aptamer and successfully confirmed that the newly synthesized aptamer forms a 
covalent linkage between the incorporated base and the aimed location of protein with exceptionally high 
specificity. As a model, we demonstrate that a heparin-binding exosite of human α-thrombin is site-specifically 
conjugated with the selectively bound aptamer wherein the reactive base is included in a sequence-specific 
manner. 
 
Keywords : Aptamer, Protein-DNA conjugates, Biochemistry, Modified Base, Site-specific conjugation 
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 S626   Co-culture of Hepatocytes and Proximal Tubular Epithelial Cells Modulates Hypoxia-induced 
Lipotoxicity 
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Corresponding Author Email : kielian0116@gmail.com 
 
It is important to deliver oxygen in all organs of our body. Specifically, oxygen consumption rate of hepatocytes 
in the liver is approximately 10 times more than that of other cells, because liver is highly metabolic.1 However, 
oxygen pressure in hepatocytes (30~65 mmHg) is lower than that in tissue cells (35 ~ 104 mmHg).2 Although 
hypoxia does not directly cause renal disease, it can lead to serious disease due to the interaction with the liver. 
For example, recent clinical research indicated that hypoxia condition affects non-alcoholic fatty liver disease 
(NAFLD) which can make kidney disease (CKD) more seriously.3 Therefore, it is critical to develop a model to 
investigate of liver and kidney interaction in hypoxia-induced conditions. In this study, sodium sulfite was used 
to absorb oxygen [Na2SO3 ＋1/2 O2 -> Na2SO4] with 100 μM cobalt chloride for hypoxia condition. Transwell 
plate was used for the co-culture of Huh7 cell line for hepatocytes and HK2 cell line for proximal tubular 
epithelial cells.4 For 24 hours, the co-culture of hepatocytes and tubular epithelial cells in co-culture, not in 
single culture, showed about 20% loss of lactate dehydrogenase (LDH) in Huh7 and 15 percent in HK2 with 
accumulation of ceramide, provoking membrane dysfunction. Myriocin, inhibiting de novo ceramide synthesis 
pathway, was used to ensure debilitating loss of LDH with membrane dysfunction. Myriocin completely 
blocked ceramide synthesis in HK2 and reduced ceramide synthesis to by under 10 percent in Huh7 under 
hypoxia condition. For inferring the reason of lipotoxicity, several markers, SPTLC1, CerS2, PGK1, ACACA, 
PNPLA2, and DGAT2, were analyzed with RT-PCR. CerS2 mRNA levels in Huh7 and HK2 inclined 
significantly in 8 hours and other mRNA levels were analyzed in this study, the results showed that the 
interaction of liver and kidney cells were crucial in lipotoxicity provoked by ceramide synthesis in hypoxia 
condition.  
** This study was funded by Natural Research Foundation of Korea, as the Basic Research Laboratory Program 
(1711119453). 
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 S627   Lysosome-instructed Self-assembly of Amino Acid-functionalized Perylenediimide for the 
Multidrug-resistant Cancer Treatment 

 
Jiyoung HONG1, Changjoon KEUM2, Youngheun CHO1, Sang-Yup LEE2, Hyuncheol KIM1,3 
1Department of Chemical and Biomolecular Engineering, Sogang University, Seoul, Korea, 2Department of 
Chemical and Biomolecular Engineering, Yonsei University, Seoul, Korea, 3Department of Biomedical Engi-
neering, Sogang University, Seoul, Korea 
Corresponding Author Email : hyuncheol@sogang.ac.kr 
 
Multidrug resistance (MDR), which is progressed during chemotherapy, resists further chemotherapy and 
causing cancer recurrence. The application of low pH (4.5-5.5) lysosomes to stimulate the self-assembly effect 
of differently designed materials have been studied. As disruption of lysosome integrity initiate cell death via 
lysosomal membrane permeabilization (LMP) and involved in various aspects of cell death, lysosome targeting 
cancer cell therapy is emerging as attractive strategy. Therefore, we designed and synthesized molecules which 
can form supramolecular self-assembly in acidic environment of lysosome with different self-assembly ability 
by adjusting the pKa of each molecule. At acidic pH, molecules with higher self-assembly ability exhibit lower 
CAC and larger assembly size, which are efficient at inhibiting cancer cells through lysosomal-mediated cell 
death. This work provides insight into designing method for the specific organelle-targeted construction of 
supramolecular self-assembly for biomedical application and also suggests effective therapeutic strategy to 
inhibit MDR cancer cell. 
 
Keywords : multi drug resistance, lysosomal-mediated apoptosis, supramolecular self-assembly, CAC 
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 S628   Electrical Stimulation Enhances Osteogenic Differentiation in Mesenchymal Stem Cells 

 
Hyeyeon MOON, Soonjo KWON 
1 Department of biological Engineering, Inha University, Incheon, Korea 
Corresponding Author Email : soonjo@gmail.com 
 
Electrical stimulation can be used as an effective tool for bone healing. [1] Many studies demonstrated electrical 
stimulation affect cell migration and proliferation. [2] In this study, we investigated whether electrical 
stimulation could enhance osteogenic differentiation of mouse clonal mesenchymal stem cells (cMSCs). [3] We 
designed a system for delivering direct current (DC) electrical stimulation to the cMSC monolayers in vitro 
using platinum electrodes with function generator. Mouse cMSCs were exposed to three different voltage ranges 
of electrical stimulation with 1V/cm, 0.5/cm, and 0.05V/cm for 1hr per day. The applied electrical stimulation 
did not affect cell viability. Alkaline phosphatase (ALP) activity showed a significant increase at day14 
following exposure of electrical stimulation with 0.5V/cm for 1hr per day. The related genes such as RUNX2, 
ALP, collagen 1 (COL1), osteocalcin (OC) and osteopontin (OPN) for osteogenic differentiation were 
investigated at 3,7 and 14days following exposure of three electrical stimulation for 1hr per day with three 
different voltages. OC dramatically increased in all three voltage conditions. These increase was closely related 
to the intracellular calcium concentration increased by electrical stimulation. We examined intracellular calcium 
concentration using Fluo-4AM at day14 following exposure of electrical stimulation for 1hr per day with 
0.05V/cm. The expression of calcineurin/NFAT pathway related genes were significantly upregulated under 
electrical stimulation. Therefore, it is demonstrated that electrical stimulation enhances osteogenic differen-
tiation of mouse cMSCs by increasing intracellular calcium concentration. This study could be used as a new 
strategy for enhancing the efficiency of osteogenic differentiation. 
** This study was supported by the National Research Foundation of Korea (NRF) grant funded by the Korea 
government (MEST) (2020R1F1A1048494). 
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 S629   Improving Sensitivity of Lateral Flow Assay Using Superabsorbent Polymer as Delay Barriers 

 
Taeyeong YOU1, Woojin JEONG1, Sun Min KIM2, Tae-Joon JEON1 
1Department of Biological Engineering, Inha University, Incheon, Korea, 2Department of Mechanical 
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Lateral flow assays(LFAs) have been commonly used for the point-of-care testing platform, because they are 
inexpensive, simple, and can be quickly diagnosed. But low sensitivity and functionality of LFAs is required for 
their further applications. To overcome these shortcomings, we report a strategy using a nitrocellulose 
membrane modified with a superabsorbent polymer (SAP). 
SAPs are hydrophilic polymers classified as hydrogels, and can absorb and hold a large amount of liquid 
compared to its own mass through hydrogen bonding with water molecules. Therefore, sodium polyacrylate 
hydrogels are incorporated into the nitrocellulose membrane to delay the microcapillary flow of nano-sized 
detection probes. The effect of changing the SAP concentration on the sensitivity of the LFA was evaluated by 
using ImageJ. The flow rate of liquid in the modified SAP devices was mathematically simulated to better 
understand the underlying processes. Overall, the effect of the modified SAP devices was a 3-fold sensitivity 
enhancement for detection of Human IgG as a model analyte compared to the existing LFA platform. 
 
Keywords : Lateral flow assay, superabsorbent polymer, detection sensitivity, flow rate 
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 S631   Regulation of Glyoxylate Shunt for Efficient Production of Chemicals 

 
Myung Hyun NOH1, Hyun Gyu LIM2, Gyoo Yeol JUNG1,3 
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Corresponding Author Email : gyjung@postech.ac.kr 
 
The glyoxylate cycle is a bypass of the TCA cycle without carbon loss and enables microorganisms to utilize 
simple organic compounds as their sole carbon source. Despite these characteristics, engineering strategies 
based on the cycle have been limited a few; the inactivation of a transcriptional regulator (iclR) which represses 
the expression of aceBAK in the cycle. Here, we have devised a novel strategy to precisely regulate the 
glyoxylate cycle rather than the simple amplification. The activity of isocitrate lyase (aceA) was taken under 
control for the overall regulation of the glyoxylate cycle considering its thermodynamic properties. The strategy 
has been successfully applied to the production of valuable chemicals in Escherichia coli. 
The strategy was initially applied to the production of 5-aminolevulinic acid (ALA). To enhance the availability 
of precursor, TCA cycle was blocked. Thereafter, the carbon flux was precisely optimized by exploiting the 
glyoxylate cycle and the resultant strain showed a 4.59-fold increase in ALA production. The strategy was 
further applied to chemical production from acetate. The strains with only production pathway amplification 
showed low production from acetate, whereas the tuning of glyoxylate cycle could lead to a significant increase. 
The production of itaconic acid and tyrosine could be enhanced by 6.46-fold and 1.62-fold, respectively. 
This is the first attempt to precisely control the glyoxylate cycle, and the results suggest that elaborate tuning of 
the cycle can be a powerful strategy to facilitate production of many other chemicals. 
 
Keywords : Metabolic Engineering, Glyoxylate shunt, 5-Aminolevulinic acid, Itaconic acid, Tyrosine 
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 S632   Production of Tyrian Purple Indigoid Dye from Tryptophan in Escherichia coli 
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Tyrian purple, mainly composed of 6,6’-dibromoindigo (6BrIG), is an ancient dye extracted from the sea snails 
and was recently demonstrated as a biocompatible semiconductor material; however, its synthesis still remains 
limited due to unrevealed biosynthetic pathways and difficulties in regiospecific bromination. We introduce an 
effective 6BrIG producing strategy in E. coli using tryptophan 6-halogenase SttH, tryptophanase TnaA, and 
flavin-containing monooxygenase MaFMO. Since tryptophan halogenases are expressed in highly insoluble 
forms in E. coli, flavin reductase Fre that regenerates FADH2 for the halogenase reaction was successfully used 
as an N-terminal soluble tag of SttH. Consecutive two-cell reaction system was designed to overproduce 
regiospecifically brominated precursors of 6BrIG by separating the time and space for bromination and bromo-
tryptophan degradation. These approaches led to 315.0 mg/L 6BrIG production from tryptophan and successful 
synthesis of regiospecific dihalogenated indigos. Furthermore, it was demonstrated that 6BrIG overproducing 
cells can be directly used as a bacterial dye. 
 
Keywords : Tryptophan halogenase, Fusion enzyme, Consecutive two-cell reaction system, Cell dye, 
Dihalogenated indigo 
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 S633   Yeast-derived Vacuoles as a Novel Carrier for Drug Delivery Across the Blood-brain Barrier 
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Blood-brain barrier (BBB) is a brain protection structure that restrict the drug delivery from blood to the central 
nervous system. Thus, we have developed a novel drug carrier that can overcome this issue using yeast vacuole. 
The purpose of this study is to assess the drug transporting ability of yeast vacuoles through an in vitro BBB 
model. Here, we used Daunorubicin (DNR) as a microtubule targeting with disaggregating ability of pre-form 
fibril and prevention of Tau fibrillization. The in vitro model of BBB is developed by culturing the cell line 
hCMEC/D3 on transwell until cells formed a monolayer. After that, yeast vacuole was loaded with DNR then 
the signals inside and outside the BBB model were detected. The DNR was essentially penetrated through the 
cell monolayer regulates by endocytosis via receptor-mediated endocytosis on the surface of the cell. Besides, 
the confocal image show a significant increase in intracellular DNR fluorescence when the cell was treated with 
vacuole-encapsulated-drug. Our results indicated that the penetration of drugs using yeast vacuole is a promising 
therapeutic strategy for the treatment of neurological disease in general and Alzheimer’s disease in particular. 
 
Keywords : Alzheimer’s Disease, Yeast Vacuole, Blood-brain barrier penetration, Drug carrier, Neurological 
disease 
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 S634   Complete Genome Sequence of Lactic Acid Bacterium Pediococcus acidilactici Strain ATCC 
8042, an Autolytic Anti-bacterial Peptidoglycan Hydrolase Producer 
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Pediococcus acidilactici is a probiotic bacterium that is industrially utilized in the food industry and antibiotics 
development. Here, we determine the complete nucleotide sequence of the genome of Pediococcus acidilactici 
ATCC 8042. The genome was sequenced by the PacBio RSII to generate a single contig consisting of circular 
chromosome sequence. Illumina MiniSeq sequencing platform and Sanger sequencing method were additionally 
utilized to correct errors resulting from the long-read sequencing platform. The sequence consists of 2,009,598bp 
with a G + C content of 42.1% and contains 1,865 protein-coding sequences. Based on the sequence infor-
mation, we could confirm and predict the presence of four peptidoglycan hydrolases by HyPe software. This 
work, therefore, provides the complete genomic information of P. acidilactici ATCC 8042 with a profitable 
potential of genome-scale comprehension of anti-pathogenic activity, which can be applied in nutraceutical and 
pharmaceutical biotechnology field. 
 
Keywords : Pediococcus acidilactici ATCC 8042, Complete genome sequence, Peptidoglycan hydrolase, 
Antimicrobial activity 
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 S635   Tailoring the Saccharomyces cerevisiae Endoplasmic Reticulum for Functional Assembly of 
Terpene Synthesis Pathway 
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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, endoplasmic reticulum, Saccharomyces cerevisiae 
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 S636   Adaptive Laboratory Evolution of Klebsiella oxytoca for Improved Sugar Utilization 
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With growing interest in the economic and environmental aspects, many studies have used biomass-derived 
sugars to produce value-added products [1, 2]. Klebsiella oxytoca is a promising bacterium for 2,3-Butanediol 
(2,3-BDO) production because of its availability of various carbon sources. [3]. However, K. oxytoca exhibits 
inefficient uptake of sugars during cultivation in mixed sugar media containing glucose. Here, insertion of 
xylose symporter and adaptive laboratory evolution (ALE) were carried out to achieve efficient xylose 
consumption. Improved evolutionary changes was observed in cell growth, sugar consumption, and 2,3-BDO 
production. Based on whole genome sequencing and functional genomics, the critical mutations were identified. 
Also, it was found that central carbon metabolism was enhanced by ALE through RNA-seq. Finally, the evolved 
K. oxytoca showed faster sugar consumption, increased biomass yield, and 2,3-BDO productivity by cultivation 
in pine tree hydrolysates containing xylose, glucose, mannose, and galactose. These results demonstrated that 
the engineered K. oxytoca has considerable potential to be a novel candidate for lignocellulosic bioconversion to 
2,3-BDO. 
 
Keywords : Klebsiella oxytoca, xylose, adaptive laboratory evolution, pine tree hydrolysates 
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 S637  Tunable Gene Expression System for the Development of a Genetically Engineered E. coli Strain 
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Gene expression regulation is one of the most important things in both synthetic biology and metabolic 
engineering. The optimization of the expression level remains a challenge for constructing a genetic circuit and 
modulating a metabolic flux. In this study, we developed the synthetic toolbox for tuning of gene expression 
regardless of the coding sequence in Escherichia coli. Firstly, in order to diminish the structural effects of the 
coding sequence on the secondary structure of the translation initiation region, a leader sequence was designed 
using the computational model(1). The optimized leader sequence and the 24 expression cassettes were 
combined and their turnabilities of a gene expression level were evaluated using four different fluorescence 
proteins. To show the practical utility of the tunable expression system, a synthetic genetic circuit was designed 
for exhibiting three different states of fluorescence depending on the protein expression levels. As another 
application, the expression levels of key metabolic enzyme were modulated using the tunable system and as a 
result the production of metabolites was enhanced without extensive efforts. We believe that this system is able 
to be usefully adopted for studying basic and applied biological sciences, especially in synthetic biology and 
metabolic engineering. 
  
Keywords : Synthetic biology, Metabolic Engineering, Gene expression, Protein expression 
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 S638   Stabilizing Effect of Sodium Dithionite Additive to the Compound 1 Inducing Melanoblast 
Migration for Vitiligo Treatment 
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In vitiligo, destruction of epidermal melanocytes produces white patches of various sizes and shape. It is well 
known that melanoblast migration and differentiation are crucial to vitiligo treatment. In the preliminary study, 
we found that active compound for vitiligo treatment (Compound 1) inducing melanoblast migration and 
differentiation. Stabilities of bioactive compound in thermal and storage condition are required. In this study we 
investigated the effect of sodium dithionite addition on stability of compound 1. Byproduct formation of Com-
pound 1 in thermal condition and long-term storage are investigated. Although Compound 1 was relatively 
stable at room temperature, 32% of compound 1 was converted into byproduct at 100°C for 4 hrs. However, 
addition of sodium dithionite prevented byproduct production. Also no reductions in viability and migration of 
melanoblast were observed, indicating the potential of sodium dithionite for the preservation of compound 1. 
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 S641  Synthetic Mutualistic Microbial Consortia for Stable Production of Value-added Chemicals from 
Carbon Monoxide 
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Carbon monoxide (CO) is a promising carbon source abundant in syngas from industrial processes. However, its 
exploitation to produce high value-added chemicals using CO-utilizing bacteria has been difficult due to 
unstable CO consumption caused by its cytotoxicity for microorganisms and a limitation in genetic engineering 
of the microorganisms. To overcome the issue, here, we devised synthetic microbial consortia consisting 
of Eubacterium limosum and Escherichia coli that are responsible for the utilization of CO to produce acetate 
and the subsequent conversion of acetate into two valuable chemicals: 3-hydroxypropionic acid (3-HP) and 
itaconic acid (ITA). We hypothesized that the downstream pathway activity involved in E. coli could be a 
driving force to stabilize the upstream pathway in E. limosum, subsequently resulting in an enhanced CO 
consumption stability. During the study, we could successfully observed a mutualistic relationship between the 
two strains, which synergistically improved the CO consumption as well as the productivities when they were 
co-cultured. By using the microbial consortium approach, we successfully demonstrated the direct production of 
47.82 mg/L of 3-HP and 25.84 mg/L of ITA from CO as a sole carbon source.  
** These results support that the microbial consortium approach could serve as a platform technology for the 
efficient and stable conversion of a toxic gaseous carbon source, CO, into diverse value-added biochemicals. 
  
Keywords : Mutualism, Microbial consortia, Carbon monoxide, Culture stability 
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Most oral diseases are caused by biofilms that consist of multispecies communities. However, the interactions of 
the community in health and caries pathogenesis are not well understood. To combat oral biofilm using surface-
modified lysosome which can specifically bind to targets, S. mutans, S.oralis and L.casei were selected for this 
study. Therefore, phage display was performed to find specific binding peptide to each oral pathogens. At first, 
3 rounds of biopanning were performed to separate specific binding phages. Also, 20 individual phages from 
each strain were analyzed their DNA sequences. As a result, several sequences were conspicuous and 4 peptides 
were synthesized for confirming affinity. To verify the affinity of the synthesized peptides to the target, a 
binding affinity test was conducted, and it was confirmed that Three synthesized peptides specifically bind to 
each target. Also, Lysosome's anti-microbial activity was confirmed before modifying its surface. Furthermore, 
the cell organelles containing the specific peptides will be recombined to defeat oral biofilm. 
 
Keywords : Streptococcus mutans, Streptococcus oralis, Lactobacillus casei, oral biofilm, phage display 
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 S643  Enhancement of Biomass and Lipid Production via Biomineralization at Mildly Alkaline pH Level 
in the Thermotolerant Microalgae Chlorella sorokiniana and Neochloris oleoabundans 
 

Byung Sun YU1, Min Eui HONG1, Won Seok CHANG2, Sang Jun SHIM1 
1Department of Chemical and Biological Engineering, Korea University, Seoul, Korea, 2Research Institute, 
Korea District Heating Corp., Seongnam, Korea 
Corresponding Author Email : simsj@korea.ac.kr 
 
Chlorella sorokiniana is a thermo-resistant microalga that is widely used for production of biofuel such as 
biodiesel. When cultured at 37°C under autotrophic conditions, C. sorokiniana showed the highest production of 
biomass, whereas the cells exhibited the highest production of fatty acids at 30°C. Herein, culture temperature 
shift was applied to improve autotrophic biodiesel production via the two-stage strategy. The cells cultured 
under the condition of temperature shift (37°C to 30°C) and bicarbonate solution showed an increase in lipid 
productivity by 31% when compared to the cells that were cultured without such temperature adjustment (37°C 
to 37°C). Moreover, CaCO3 crystal-coating method(biomineralization) remarkably improved biomass and lipid 
production, which were crucially enhanced photosynthesis via anisotropic CaCO3 crystal-driven multiple light 
splitting/scattering processes. CaCO3-coated microalgae biomass can be directly used for animal feed without 
separation of CaCO3. Alternatively, the separated CaCO3 crystal via calcification could further be used directly 
for high cell density mass cultivation under outdoor high light conditions. 
 
Keywords : Chlorella sorokiniana, Neochloris oleoabundans, thermotolerant microalga, autotrophic biodiesel 
production, temperature shift, bicarbonate buffer, biomineralization, CaCO3, double scattering 
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 S644  Biochemical Characterization of Fermented Sorghum by Rhizopus oligosporus 
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Sorghum (Sorghum bicolor L.) is one of the super crop and fifth most important cereal with high nutrient 
values. It is gluten free cereal with high content of various phenolic compounds such as phenolic acids, 
flavonoids and condensed tannins. In this study, sorghum was fermented by using R. oligosporus at 30°C for 14 
days. Degradation on the outer surface of sorghum was observe by using SEM. The L-carnitine and poly-
phenolic compounds in fermented sorghum were determined by using LC-MS. The L-carnitine content in 
fermented sorghum was increased 30 times compared to non- fermented sorghum. The polyphenolic compounds 
such as gallic acid, caffeic and vallinic acid increase during fermentation. The total phenolic contents, total 
flavonoids contents and total tannin contents were increase slightly during fermentation. Antioxidant activity 
FRAP and ORAC were increase a little bit compare to non-fermented sorghum. 
 
Keywords : Fungal fermentation, L-carnitine, sorghum, R. oligosporus 
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 S645  Shikimic Acid Production Using Metabolic Pathway Engineering in Corynebacterium glutamicum 
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Shikimic acid is a precursor to the biosynthesis of aromatic amino acids, which could be used as a starting 
material for various valuable chemicals including the antiviral drug oseltamivir (Tamiflu®). As the demand for 
oseltamivir has increased globally, the production of shikimic acid has also been constantly required. Most of 
the shikimic acid has been isolated from fruits of the Illicium plant, but the increased demand for shikimic acid 
is difficult to reach, so researchers are trying to biosynthesize shikimic acid from various microorganisms. Here, 
we have generated the engineered Corynebacterium glutamicum strain by blocking the aromatic amino acid 
pathway to produce a high titer of shikimic acid. In order to accumulate key intermediates and increase the 
production of shikimic acid, the genes related to shikimic acid biosynthesis were disrupted or overexpressed. In 
addition, feedback inhibition by aromatic amino acids was alleviated through introduction of point mutated 
protein. In C. glutamicum, which cannot accumulate shikimic acid, the production of shikimic acid was 
confirmed on the flask scale through strain improvement, and the productivity was compared in various media. 
Finally, this redesigned Corynebacterium produced significant amount of shikimic acid in 5-L fed-batch 
fermentations and demonstrated to be a valuable cell factory for shikimic acid overproduction. 
  
Keywords : Corynebacterium glutamicum, shikimic acid, metabolic engineering 
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 S646  Screening, Characterization and Identification of Selective Binding Peptides to Vitamin-related 
Biocomplex Using Phage Display 
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Vitamin D is synthesized in the skin due to ultraviolet B(UVB) from sunlight, and then transformed into the 
active form, 25-hydroxyvitamin D3, through the liver. In medicine, a 25-hydroxyvitamin D3 test is the best way 
to monitor vitamin D levels in the body. But, in the blood, vitamin D forms a complex with vitamin D binding 
protein(so called DBP) rather than alone. Due to these characteristics, it is important to detect the complex form 
of vitamin D. In this experiment, we attempted to find a peptide sequence that can specifically select the 
complex and DBP using phage display. Specific binding phages were classified by biopanning to select phages 
that selectively attach to the target material. And, 40 individual phages from each strain were analyzed their 
DNA sequences. Peptide sequences from specific binding phages were analyzed, and the notable sequences 
were identified, followed by affinity test. As a result, it was confirmed that it binds more selectively to the target 
than NaHCO3 used as a control. 
 
Keywords : Phage display, Vitamin D binding protein, Vitamin D binding protein complex 
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 S647  Droplet-based Linear Concentration Gradient Formation for Applying on Biological Assay 
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We present a novel microfluidic platform producing monodisperse droplets having linear concentration gradient 
profile in a single device. Our strategy is utilizing significant difference of flow resistance of two aqueous 
phases: 1) We integrated parallel flow-focusing channels to produce the droplets containing eight different 
concentrations. We also introduced delivery channel which distributes the fluids evenly to each flow-focusing 
channel at the same time to ensure the formation of uniform droplets. 2) We adopted multi-height structure and 
controlled the channel width of two aqueous phase channels. The difference in channel height makes the lower 
part to be the only factor generating the concentration gradients. This allowed us to only control the channel 
width of ‘Y’-shape channels. We verified the linearity of the gradient based on fluorescence intensity of the 
droplets. The results showed 99% match between the theoretical and measured value of fluorescence intensity. 
We look forward to using our platform as a biological assay tool such as antimicrobial susceptibility testing 
improving the accuracy of minimal inhibitory concentration range for pathogen. 
 
Keywords : Parallel Droplet Generation, Linear Concentration Gradient, Antimicrobial Susceptibility Testing, 
Minimum Inhibitory Concentration, Flow Resistance 
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 S648  Application of Outer Membrane Vesicles of Escherichia coli as Nano-biocatalyst 
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Most of the gram-negative bacteria naturally produced outer membrane vesicles (OMVs) which are capable of 
signaling between cells and packaging proteins [1]. These structures are small unilamellar proteoliposomes (20-
200nm) with periplasmic contents. Herein, we utilized the engineered OMVs of Escherichia coli as nano-scale 
biocatalysts for the biotransformation of fatty acids. The engineered OMVs were loaded a fatty acid double 
bond hydratase from Stentrophomonas maltophilia (SmOhyA)[2] and/or a photoactivated fatty acid decarboxy-
lase of Chlorella variabilis NC64A (CvFAP)[3]. Each enzyme was attached with the signal sequence of pectate 
lyase B of Erwinia carotovora (PelB)[4] for directing to the periplasm. Oleic acid was converted into (R)-10-
hydroxyoctadecanoic acid and (Z)-heptadec-8-ene with OMVs containing SmOhyA and CvFAP, respectively. 
Moreover, the cascade reaction of oleic acid into 9-hydroxyheptadecane via (R)-10-hydroxyoctadecanoic acid 
was catalyzed by the OMVs containing both SmOhyA and CvFAP. The turnover rates of the enzymes encap-
sulated in the OMVs were ca. 30-fold higher than those of the enzymes in the recombinant E. coli cells. The 
enzyme stability also improved by encapsulation in the OMVs. 
 
Keywords : outer membrane vesicles (OMVs), biocatalysts, fatty acid, hydratase, decarboxylase  
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 S651  Melanin Decolorization by Antioxidant Enzymes of Lysosome-related Organelle Extract (LOE) 
Isolated from Saccharomyces cerevisiae 
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Melanin compound is the most important factor to determine skin color. Too much synthesized melanin can 
make face unclean and cause hyperpigmentation like melasma. We studied the degradation or decolorization of 
already synthesized melanin compounds, not the melanin synthesis inhibition function in most of existing 
whitening cosmetics. We found that Lysosome-related Organelle Extract (LOE) have effect to reduce melanin 
color and the whitening effect was related to peroxidase activity of LOE. Of lysosome-related enzymes, 
Glutathione peroxidase (GPX) accelerated melanin degradation in the presence of hydrogen peroxide and 
inhibited melanin synthesis in melanoma cells. Based on the above data, Saccharomyces cerevisiae was 
transformed to overproduce GPX, and the decolorization activity of LOE was compared. These results provide 
insights into the regulation of LOE from S. cerevisiae as new cosmetic materials to reduce the color intensity of 
melanin. 
** This research was supported by the Ministry of Trade, Industry & Energy (MOTIE), Korea Institute for 
Advancement of Technology (KIAT) through the Encouragement Program (P0006145) for The Industries of 
Economic Cooperation Region. 
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 S652  Synthesis and Characterization of Complex Coacervate Core Micelles (C3Ms) Using Elastin-like 
Polypeptide (ELP) Copolymers 
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Complex coacervation is separation into two liquid phases caused by the interaction of two oppositely charged 
colloids. Recent progress suggests that complex coacervation studies move to biopolymers instead of synthetic 
polymers. Among them, C3Ms derived from ELP have a significant advantage in that they can be synthesized 
with near-absolute control of macromolecular architecture using genetic engineering techniques. 
In this study, two oppositely charged ELP diblock copolymers that consist of positive and negative charge 
segments were synthesized and examined as a carrier by formation of micelles. Physical properties of charged 
ELP diblcok copolymers and C3Ms were observed using lower critical solution temperature (LCST) and 
dynamic light scattering (DLS). 
 
Keywords : Complex coacervate core micelle, Elastin-like polypeptide, Phase separation, Weak ionic group, 
Dynamic Light Scattering 
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 S653  Cellulose/Biopolymer/Fe3O4 Hydrogel Microbeads for Adsorption of Dye and Protein 
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Hydrogels are three-dimensional network structures formed by macromolecules swollen with large amounts of 
water. Recently, biopolymer-based hydrogels have received considerable attention due to their biocompatibility 
and biodegradability. In particular, biopolymer-based hydrogel microbeads have potential applications in various 
fields such as chromatography, drug delivery, and enzyme support. In this work, cellulose-based magnetic 
hydrogel microbeads were prepared with sol-gel transition using 1-ethyl-3-methylimidazoleum acetate-in-oil 
emulsion. The effect of various preparation conditions including the ratio of solvent to oil, surfactant 
concentration, and stirring speed on the properties of hydrogel microbeads was investigated [1]. In addition, 
surface properties of the hydrogel microbeads were also altered by blending cellulose with chitosan, carra-
geenan, lignin, or starch [2]. The adsorption capacity of cellulose microbeads for dyes could be significantly 
increased by blending with various biopolymers. For example, cellulose/carrageenan and cellulose/chitosan 
microbeads showed 1.3- and 2.0-times enhanced adsorption capacity for crystal violet and methyl orange, 
respectively, compared with cellulose microbeads. Moreover, cellulose/biopolymer microbeads could be opti-
mized to immobilize Candida rugosa lipase. The specific activities of lipase immobilized on cellulose/lignin 
and cellulose/starch magnetic microbeads were 1.2 times and 1.4 times higher than that of free lipase, 
respectively. The half-life of the lipase immobilized on cellulose/lignin and cellulose/starch magnetic micro-
beads under denaturing thermal condition was 47- and 56-times higher than that of free lipase, respectively. The 
lipase immobilized on cellulose/biopolymer/Fe3O4 microbeads was simply recovered using a magnet and 
continuously reused with a minimal loss of activity. Therefore, cellulose/biopolymer/Fe3O4 hydrogel micro-
beads have many potential applications in biological, biocatalytic and environmental fields due to their 
biocompatibility, biodegradability and controllability. 
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 S654  Site-specific Incorporation of Unnatural Amino Acid for Identifying Biologically Relevant 
Interfaces of Protein-protein Interaction 
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In biological systems, protein-protein interactions (PPIs) are important for spatiotemporal regulation of protein 
functions. To identify molecular contribution to specific interactions in a native condition, it is important to 
dissect PPI interfaces in solution phase (i.e., biological interfaces). Here we introduce a biochemical approach 
which makes it possible to recognize native binding interfaces distinct from those present in crystal structures 
and computer-predicted models. The strategy incorporates p-azido-phenylalanine (AZF) into a residue of 
interest in a particular protein that forms a multiproteins complex. Depending on the role of targeted residue, 
photo-inducible AZF may covalently bind with partner's residues. Using a heterotrimeric nuclear pore protein 
complex as a model, we demonstrate a new landscape of the biological interfaces of the complex, offering new 
perspective into dynamic molecular recognition that is missed by crystal structure and static models. 
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 S655  Enzymatic Synthesis of Glycolic Acid and Ethylene Glycol from Formaldehyde by Using a 
Carboligase from Escherichia coli 
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Formaldehyde is an emerging C1 source, because it could be produced from C1 compounds by biological and/or 
chemical means [1]. Thereby, we investigated a novel carboligase from Escherichia coli K-12 (EcGCL), which 
catalyzes the condensation of two molecules of formaldehyde into one glycolaldehyde. The EcGCL exhibited 
rather high carboligation activity and thermostability. The enzyme could be coupled with an aldehyde 
dehydrogenase (e.g., α-ketoglutaric semialdehyde dehydrogenase (KGSADH) from Azospirillum brasilense)[2] 
or alcohol dehydrogenase (i.e., 1,3-propanediol dehydrogenase (DhaT) of Klebsiella pneumoniae)[3] for the 
synthesis of glycolic acid and ethylene glycol, respectively. In vitro biotransformation of EcGCL and KGSADH 
allowed to produce glycolic acid to a conversion of 62%, while the cascade reaction of EcGCL and DhaT led to 
the formation of ethylene glycol to a conversion of 64%. This study will contribute to enzymatic synthesis of 
high-value C2 compounds from C1 compounds in a sustainable way. 
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 S656   Effect of By-product, from Active Compound 1, on the Migration of Melanoblast for the Vitiligo 
Treatment 
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Vitiligo is caused by a deficiency of pigment-producing melanocytes, and the key point of vitiligo treatment is 
melanoblast migration. It has been confirmed that compound 1 can be used as a potential treatment for vitiligo. 
However, the efficacy of melanoblast migration decreased with longer storage periods of Compound 1. 
Compound 1 was accelerated at 120°C to find the reason for the decrease in efficacy. At 100 μM concentration, 
unaccelerated compound 1 increased melanoblast migration by 162%, while accelerated compound 1 showed 
only 112.2% migration. It was confirmed through HPLC that 87.6% of compound 1 was converted to a by-
product upon acceleration. Within the non-toxic range, the mobility of unaccelerated Compound 1 increased 
concentration-dependently, whereas the mobility of by-product and accelerated compound1 decreased concen-
tration-dependently. Based on these experimental results, it was inferred that by-products produced by accele-
ration would inhibit melanoblast migration. Therefore, in order to use compound1 as a treatment for vitiligo, it 
is recommended not to expose to high temperatures to prevent by-product production. 
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 S657   Characterization of Exosomes Derived by Melanocyte and Its Effect on Melanocyte Pigmentation 
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Most eukaryotic cells like B16F10 have released Extracellular Vesicles(EVs) as a way of intercellular 
communication. EVs group contains the various size of vesicles, especially there are ‘Exosome’ which have 30 
to several hundred-nanometer diameters. Among of melanin producing cells, B16F10 also secretes exosomes for 
intercellular cross-talk. The exosome is guessed a messenger that contains the signal by way of miRNA, mRNA, 
and protein. In this study, we describe how does isolate EVs group which contains exosome from Melanocyte 
culture media by using Ultracentrifugation methods and optimized it. After isolation, we have confirmed its 
morphology, amounts, some markers on mRNA, protein level and its influence on other cells in different culture 
conditions briefly. 
** This research was supported by the Ministry of Trade, Industry & Energy (MOTIE), Korea Institute for 
Advancement of Technology (KIAT) through the Encouragement Program (P0006145) for The Industries of 
Economic Cooperation Region. 
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 S658   Brewing Rutin-Enriched Lager Beer with Buckwheat Malt as Adjuncts 
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Brewing with buckwheat as an ingredient has proven to be successful in several previous researches. However, 
few studies have focused on the effect of rutin, which is one of main components in tartary buckwheat 
(Fagopyrum tataricum) and well-known for its antioxidant, anti-inflammatory, and immunomodulatory effects. 
To develop a lager beer with high rutin content and desirable sensory characteristics, tartary buckwheat malt 
was utilized as a brewing adjunct. Two different mashing programs including a common mashing method (A) 
and an improved mashing method (B) which focused on inactivation of rutin degrading enzyme were compared. 
The results indicated a significant difference was observed in rutin content in the buckwheat beers depending on 
mashing conditions. When comparing two mashing programs, method B increased rutin content approximately 
60 times higher. In case of brewing lager beer, 20% or 40% tartary buckwheat of total malt can replace barley 
malt without spoiling odor, mouthfeel, and taste. The rutin enriched lager beers showed relatively high anti-
oxidant capacity and oxidative stability during forced-aging. 
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 PSP01   Inhibition of Metastatic Skin Cancer Through Nano-micelle Generating Microneedles Including 
Doxorubicin 
 

Su Yeon LIM, Da Hwun KIM, Jae Baek JUNG, Hee Joo CHO, Dong Min KIM, Ji Hoon JEONG 
School of Pharmacy, Sungkyunkwan University, Suwon, Korea 
Corresponding Author Email : jeong.jihoon@gmail.com 
 
Microneedle (MN) has been considered as a therapeutic device which allow transcutaneous injection of diverse 
drugs with easily and painlessly. In here, nano-micelle generating degradable MN was prepared by a 
biocompatible amphiphilic tri-block copolymer. When formulate with doxorubicin (DOX) in the MN, the 
hydrophobic anticancer drug can be dissolved in an aqueous medium by entrapped in nano-micelles generated 
by dissolution of the MN. The intratumorly application of the DOX-incorporated MN can significantly inhibit 
the growth of melanoma in a mouse skin cancer model. Furthermore, owing to its small size (< 50 nm), the 
nano-micelle can efficiently migrate to the sentinel lymph nodes, killing the metastatic melanoma cells. 
Therefore, the use of locally administration of MN can be considered as a promising therapeutic tool for the 
inhibition of metastatic melanoma. 
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 PSP02   Enhanced Cancer Chemo-immunotherapy Using Nanomicelle Generating Microneedles 
Containing Paclitaxel and TLR7/8 Agonist 
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A dissolving microneedle(MN) for transdermal drug delivery is an attractive method to improve therapeutic 
efficacy, providing an approach that is more convenient and acceptable than traditional medication systems. 
Efficient delivery of low dose chemotherapeutic agent-paclitaxel and immunostimulatory adjuvants- resiquimod 
was synergized to demonstrate tumor killing effect and activation of antigen presenting cells (APCs), which 
subsequently induce anti-tumor memory effect. In this research, both therapeutic agents being water insoluble 
were dispersed with the help of amphiphilic triblock copolymer: Pluronic F127 based dissolving MNs in situ 
that generate nanomicells (NMCs) upon their dissolution after cutaneous application. Various Cancer cells were 
significantly killed via the combination in vitro, while antigen presenting cells (dendritic cells-DCs) treated with 
same concentration led to enhanced proliferation. In vivo, treating the combination shows a strong effect on 
reducing tumor size, additionally inhibiting metastatic lesions. This study paves the way for chemo-immuno-
therapy through a dissolving microneedle. 
 
Keywords : Dissolving microneedle, Nanomicelle, Toll-like receptor agonist, Combination therapy, Chemotherapy 
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 PSP03   Carbofuran, Carbamate Pesticide, against Aquatic Organisms Acute Ecological Toxicity and 
Risk Assessment 
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Carbofuran is known to be the most toxic substance among the pesticides of the carbamate, and is thought to 
have a great effect on not only the human body but also the aquatic ecosystem. In this study, acute ecological 
evaluation and predicted no-effect concentration(PNEC) were derived for aquatic organisms of Carbofuran. For 
the evaluation, acute ecological toxicity evaluation was conducted using microalgae (P. neriella subcapitata), the 
primary producer of the nutritional stage of the aquatic ecosystem, the invertebrate (D. magna), the primary 
consumer, and the fish(D. rerio embryo), which is a secondary consumer. Proceeded. As a result of evaluating 
acute ecological toxicity using microalgae (P. neriella subcapitata), the 72hr-EC50 value was 4.24 mg/L, and the 
invertebrate (D. magna) 48hr-0.029 mg/L. According to the literature, it was found that the ecological toxicity 
(48hr-LC50) using zebrafish embryos was 0.00562 mg/L, which was very toxic. Using this, the PNEC value in 
the aqueous ecosystem was found to be 0.0000562 mg/L and it is thought that the environmental hazard index 
(HQ) of the aquatic ecosystem for a specific area could be derived using this value. 
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 PSP04   Aerotherapy Using Antibacterial Properties of Terpenic Series Substances Produced from 
Rhodobacter sphaeroides 
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 Isoprenoids produced as a liquid form mostly through oil extracted from plants are used in various fields as 
ingredients of food flavorings, perfumes, and biofuels, but the current field of antibacterial activity is limited to 
its use as a liquid. This study was intended to confirm the release of isoprene and antibacterial properties of R. 
sphaeroides depending on culture conditions. we used R. sphaeroides of mid-exponential and stationary growth 
phase under the dark-aerobic, and mid-exponential growth phase under the light-anaerobic condition. And then 
R. sphaeroides was co-cultured with other bacteria, and antibacterial activity was confirmd after 6hrs. In 
addition, Purge & Trap GC/MS was used to analyze gaseous substances released for 6 hrs by sealing R. 
sphaeroides cultured for 14 and 35 hrs under dark-aerobic and released for 39 and 69 hrs under light-anaerobic 
conditions. As a result, it was possible to quantify the isoprene released from R. sphaeroides by conditions and 
phases.  
** Following are results of a study on the “Leaders in Industry-university Cooperation +” Project, supported by 
the Ministry of Education and National Research Foundation of Korea. 
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 PSP05   The Effect of Histamine Reduction Using Surface-modified Yeast by Histamine Binding Protein 
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Histamine is immune-mediated compound that is secreted when an immediate and rapid response is needed. To 
regulate immune reaction by histamine, antihistamine is widely used as treatment. However, antihistamine 
reacts not only with histamine receptor, but also with other receptors, causing the side effects. To replace 
antihistamines with these side effects, we conducted research to develop a histamine inhibitor that captures 
histamines itself, not histamine receptors. First, cloning was performed to express histamine binding protein 
(HBP) on the yeast surface and immunofluorescence, western blot and dot blot were performed to confirm the 
expression of HBP. The yeast expressed HBP was reacted with a histamine solution, and the histamine 
concentration after the reaction was quantified by LC-MS. As a result, it showed significant histamine reduction 
and concentration-dependent reduction effect, and it was effective not only on living cells but also on sonicated 
cell pellets. Also, phagocytosis assay using RAW 264.7 cells was performed to confirm the indirect histamine 
reduction effect. 
 
Keywords : Histamine, Molecular interaction, Yeast surface expression, Ligand capture 
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 PSP06   Effects of in vitro Yeast Vacuoles on 3T3-L1 Adipocyte Development and Differentiation 
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Vacuoles are organelles in cells that contain various hydrolytic enzymes in small lipid pockets. It is involved in 
intracellular signaling and energy metabolism. Here, it was confirmed that vacuoles extracted from S. cerevisiae 
suppress the differentiation of 3T3-L1 adipocytes by downregulating cellular induction of peroxisome proli-
ferators-activated receptor γ (PPARγ) and cytidine-cytidine-adenosine-adenosinethymidine (CCAAT) enhancer 
binding protein α (C/EBPα). According to adipogenesis differentiation kit, the 3T3-L1 adipocytes were cultured 
and differentiated in Dulbecco modified Eagle medium containing 10% fetal bovine serum for 6 to 8 days in the 
absence and presence of 0.001 to 0.01 μm/ml vacuoles. At 0.01 μm/ml or less of vacuoles, lipid accumulation 
dose-dependently decreased in differentiated adipocytes as evidenced by Oil Red O staining. It was found that 
the induction of PPARγ and C/EBPa was markedly decreased in adipocytes treated with vacuoles at the level of 
transcription messenger RNA by western blot analysis. Therefore, these results suggest that vacuoles might be a 
valuable source to suppress obesity associated inflammation and disturb adipocyte differentiation. 
 
Keywords : vacuoles, S. cerevisiae, 3T3-L1, differentiate, adipocytes 
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 PSP07   Fractional Precipitation Using Cavitation Bubble and Gas Bubble for the Purification of 
Paclitaxel from Taxus chinensis 
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Abstract 
In this study, a fractional precipitation technique of paclitaxel using ultrasonic cavitation bubbles and gas 
bubbles is presented. Precipitation efficiency has been dramatically improved, and the time required for preci-
pitation has been reduced by 20–30 times compared to conventional methods. As a result of investigating the 
mechanism of fractional precipitation in which cavitation and gas bubbles were introduced, it was found that the 
bubble surface itself acts as a nucleation site, resulting in faster nucleation and thereby improving precipitation 
efficiency. In addition, compared to the conventional fractional precipitation, the particle size was reduced by 
7.8-8.9 times and 4.7-4.9 times for cavitation bubbles and gas bubbles, respectively, and the diffusion 
coefficient was increased by 10.3-11.9 times (cavitation bubble) and 4.7-4.9 times (gas bubble). 
** This work was supported by the research year project of Kongju National University. 
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 PSP08   Optimized Conditions to Maintain and Increase the Antibacterial Activity of Lysosomes 
Derived from Egg White 
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Lysosomes play an important role in autophagy among organelles in the cell, and it contains hydrolytic 
enzymes. We extracted the lysosome complex materials from egg white and measured the change of antibac-
terial activity according to several condition. The antibacterial activity according to the pH, the highest one was 
pH 6.62. Lysosomes were stored in PBS and Distilled water at different concentrations. When the antimicrobial 
activity was measured, the activity using DW was high at low concentration, and the activity using PBS was 
high at high concentration. When the antimicrobial activity was measured by equalizing the concentrations of 
lysosomes stored at different concentrations after 80 days, the activity was still high in DW, but not PBS. The 
antimicrobial activity of H2O2 decreased as the stimulating concentration increased. The highest activity was 
observed when stored at a low temperature.  
** This research was financially supported by the Ministry of Small and Medium-sized Enterprises (SMEs) and 
Startups (MSS), Korea, under the “Regional Specialized Industry Development Program (R&D, P0011973)” 
supervised by the Korea Institute for Advancement of Technology (KIAT). 
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 PSP10   Effect of Vacuole Extracted from Saccharomyces cerevisiae on Immune Response Enhancement 
in RAW 264.7 Macrophages 
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Vacuoles extracted from Saccharomyces cerevisiae are counterparts of mammalian lysosomes the digestive 
system of cells, and contain proteolytic enzymes, destroying foreign substances that have been introduced 
through phagocytosis, and digesting the useless components of the cells themselves.  In this study, we have 
evaluated the effects of vacuoles extracted from S. cerevisiae in RAW 264.7 cells. Nitric oxide (NO) production 
was increased by vacuoles in macrophages. Also, using Reactive Oxygen Species (ROS) Assay, we have 
confirmed that ROS was increased by vacuoles in macrophages. Vacuoles have influenced on the increase of the 
inducible nitric oxide synthase (iNOS) and cyclooxygenase-2. Thus, we found that vacuoles stimulate iNOS 
expression, leading to NO production. In addition, vacuoles treatment in macrophages was enhanced in pro-
inflammatory cytokines such as interleukin 6 and tumor necrosis factor -α. In addition, vacuoles treatment 
increased phagocytic activity in RAW 264.7 cells. In summary, vacuoles activate the immune response of 
macrophages by promoting the production of immune mediated transporters NO, ROS and pro-inflammatory 
cytokines and phagocytic activity. 
  
Keywords : Vacuole, Saccharomyces cerevisiae , Immune response, Cytokine, Immunostimulatory activity 
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 PSP12   LC-MS/MS-based Proteomic and Metabolomic Investigation of Antibiotic Response in Clinical 
Isogenic Isolates of Methicillin-susceptible/-resistant Staphylococcus aureus 
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Nowadays, the global spreading of methicillin-resistant S. aureus (MRSA) is notorious for complicating the 
treatment of infection. Thus, there were efforts to obtain accurate and abundant information about the 
mechanism of the bacterial responses to antibiotics. However, most of the previous studies have investigated 
responses to antibiotics without considering the genetic differences between MRSA and methicillin-susceptible 
S. aureus (MSSA). In this study, we applied a multi-omics approach into the clinical isolates (i.e., S. aureus 
WKZ-1 (MSSA) and S. aureus WKZ-2 (MRSA)) that are isogenic except for the genetic element called 
SCCmec type IV to explore the response to oxacillin. The proteomic analysis shows that proteins involved in 
peptidoglycan biosynthesis, two-component systems, oxidative stress, and stringent response were differentially 
regulated after the oxacillin treatment. In addition, the metabolomic analysis showed that metabolites belonging 
to the building blocks of peptidoglycan biosynthesis were decreased in the oxacillin-treated MRSA. These 
results indicate that the difference in metabolism of this isogenic pair with oxacillin treatment could be caused 
only by SCCmec type IV. Investigating the antibiotic response at the molecular level can, therefore, provide 
insight into drug resistance mechanisms and new opportunities for antibiotics development. 
 
Keywords : MRSA, MSSA, Clinical isogenic isolates, Multi-omics, Antibiotics 
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 PSP13   Development of the Chemical Derivatization Method with Girard’s Reagent T for the 
Quantitation of Gut Microbial Short-Chain Fatty Acids by LC-MS/MS 
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 Short chain fatty acids (SCFAs) are the final products of anaerobic fermentation by human gut microbiota, 
which are used as beneficial metabolites in regulating physiological processes in the host. However, despite this 
importance, SCFAs are difficult to analyze in the mass spectrometry due to their thermo-labile property, loss of 
water, and low molecular weights. Here, we developed a quantification method for analyze SCFAs by liquid 
chromatography tandem mass spectrometry (LC-MS/MS) through the multiple reaction monitoring (MRM) 
mode. The SCFAs were chemically derivatized by the Girard reagent T (GT), which can provide a permanent 
cationic charge. The technique showed an excellent quantitative capacity, as determined by good linearity and 
improvement of limit of quantification. The sensitivity was dramatically enhanced by the chemical derivati-
zation method using GT. Next, we applied this derivatization method into the quantitation of SCFAs from total 
extracellular metabolites produced by human gut bacterium Eubacterium rectale. The GT-labeled SCFAs were 
quantitated well according to volume ratio of cell culture medium. In addition, we confirmed that xylan 
promoted the growth and butyrate production of E. rectale. Therefore, this highly sensitive method would be 
primarily useful and applicable in quantifying SCFAs extracted from gut microbial culture to monitor gut 
health. 
  
Keywords : Short-chain fatty acids, Chemical derivatization, LC-MS/MS, Gut microbiota, Eubacterium rectale 
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 PSP14   Improvement of SWCNT Dispersion for the CNT-FET Biosensor 
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Corresponding Author Email : slee@ndd-inc.com 
 
Single-walled carbon nanotube (SWCNT) has been exploited in many area of medical and engineering 
application including the field effect transistor (FET). The performance of FET greatly depend upon the degree 
of carbon nanotube (CNT) dispersion in addition to it coating method. SWCNT solution is used to develop 
highly reproducible CNT-FET using inkjet printing techniques. SWCNT is a single layer of graphene sheet that 
is rolled and has semiconductor properties, and so it can be used as a FET. However Van der Waals forces due 
to the surface charge of CNTs cause aggregation and bundling of CNTs. 
We performed ultrasonic and centrifugation for CNT dispersion in the Dimethylformamide (DMF) solution. 
CNT network is fabricated between source and drain electrodes using an Inkjet printer, and the optimum 
SWCNT concentration is found through comparison of transfer characteristics and hysteresis characteristics of 
CNT-FET. Through these processes a CNT-FET is produced with low cost and high reproducibility. 
  
Keywords : Single-walled carbon nanotube, field effect transistor, dispersion, biosensor 
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 PSP15   Improving the Sensitivity of Electrochemical Analysis Using EIS and QCM for Corona Virus 
Detection 
 

Won Jae KIM, Min Jeong KIM, Se Hee KIM, Chae Eun YOON 
Chemical Engineering, Hongik University, Seoul, Korea 
Corresponding Author Email : tinamj330@naver.com 
 
When COVID-19 control becoming the top goal of each country, Korea has shown an excellent epidemic 
management system.  
RT-PCR based corona diagnostic kits has enabled Korea to quickly respond to corona quarantine. The 
diagnostic kit was developed earlier compared to other countries and quickly became a leading standard because 
of its good balance of test speed and accuracy. However, the process of labeling fluorescent markers, which is 
mainly used in diagnostic kits, makes expensive and difficult the initial development. Moreover, complex 
optical detection devices have limitations in the distribution of analysis equipment. A number of ways to solve 
this problem are being studied, and here, electrochemical analysis were used. We attempted several approaches 
to improve accuracy and sensitivity to a level commercially acceptable.  Using a specially designed sensor 
guide that enables the insertion of sensor electrodes into the PCR tubes, the changes in the buffer during the 
PCR reaction process was analyzed by EIS and QCM/SEM.  
As a result, it was possible to probe target genes through EIS and QCM with improved sensitivity. 
 
Keywords : Diagnostic kit, Electrochemical analysis, Corona virus 
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 PSP16   Comparative Analysis of Human Urine Exosome Isolation Strategies 

 
Su Jin KANG1, Hee Cheol YANG1, Seongcheol CHO1, Won Jong RHEE1,2 
1Dept. of Bioengineering and Nano-bioengineering, Incheon National University, Incheon, Korea, 2Division of 
Bioengineering, Incheon National University, Incheon, Korea 
Corresponding Author Email : wjrhee@inu.ac.kr 
 
Exosomes contain virtually every type of biomolecules such as DNAs, RNAs, and proteins originated from 
parental cells. High concentrations of exosomes are found in a variety of body fluids including urine. Urine is a 
body fluid that can be easily and non-invasively collected. Therefore, urinary exosomes are ideal materials for 
liquid biopsy. However, major barriers in urinary exosome application to liquid biopsy are the high variability 
and lack of standardization of exosome isolation methods. Therefore, it is highly required to systemically assess 
the urinary exosome isolation strategies in terms of yield and purity for isolated exosomes. In this context, to 
explore the efficiency of urinary exosome isolation methods, comparative studies among eight different 
isolation strategies based on ultracentrifugation, ultrafiltration, precipitation, or size exclusion chromatography 
(SEC) were performed for urinary exosome isolation from healthy donors. The urinary exosome isolation yield, 
size distribution, and purity of each method were assessed. As a result, SEC combined with ultrafiltrations 
provided the most suitable method for urinary exosomes isolation considering both isolated exosome yield and 
purity as compared to ultracentrifugation. SEC combined with precipitation method enabled the urinary 
exosome isolation with the highest purity. Thus, the appropriate urinary exosome isolation method can be 
chosen depending on the downstream applications of isolated urinary exosomes. This comprehensive study of 
urinary exosome isolation strategies contributes to biomarker discovery for liquid biopsy. 
 
Keywords : Exosome, Urine, Exosome isolation, Size exclusion chromatography 
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 PSP17   DNA-templated Copper Nanoclusters for Fluorescent Cell Imaging 
 

Sukhwan KIM, Seokjoon KIM, Jinjoo HAN, Ki soo PARK 
Department of Biological Engineering, College of Engineering, Konkuk University, Seoul, Korea 
Corresponding Author Email : kskonkuk@gmail.com 
 
Fluorescence of DNA-templated copper nanoclusters (DNA-CuNCs) is not stable over time which limits its 
application in cellular imaging. This is due to the presence of oxygen during synthesis which oxidizes Cu(0) to 
Cu(II) and also produces the free hydroxyl radical. Here, we prepared DNA-CuNCs with enhanced fluorescence 
stability by optimizing the reaction conditions so as to minimize the deleterious effects of oxygen. The fluore-
scence operational lifetime of DNA-CuNCs was increased from 25 min to 200 min. In addition, DNA-CuNCs 
synthesized in this manner were used effectively for cell imaging This novel method not only expands the scope 
of application of DNA-CuNCs but also provides an efficient and cost-effective strategy for developing other 
fluorescent nanomaterials. 
 
Keywords : Copper nanoclusters, DNA, Fluorescence imaging, Stability 
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 PSP18   Enzymatic Properties of Novel Bacterial CYP116B Enzymes 

 
Hyun Seo PARK, Soo-Jin YEOM, Chul-Ho YUN 
Department of Biological Sciences and Biotechnology Graduate School, Chonnam National University, 
Gwangju, Korea 
Corresponding Author Email : chyun@jnu.ac.kr 
 
CYP116B is a self-sufficient cytochrome P450, in which the heme domain and reductase domain containing 
FMN and [2Fe-2S] cluster. Recently, several subtypes of CYP116B enzymes has been extensively studied. The 
CYP116B enzymes are considered as potent industrial enzymes due to their diverse substrate ranges and high 
activities. In this study, three CYP116B genes were cloned from Caldimonas taiwanensis, Tepidiphilus 
thermophilus, Albidovulum xiamenses. They were heterologously and functionally expressed in Escherichia coli 
and purified. Their biochemical characteristics were analyzed spectroscopically and catalytic properties were 
assessed. All three CYP116B enzymes show the typical CO-binding spectra with maximum absorbance around 
450nm. Their enzymatic properties toward a set of typical P450 substrates including clinical drugs and steroids 
were studied. This study yielded versatile CYP116B monooxygenases, which exhibit broad substrate range for 
different oxidation reactions. A set of substrates were oxidized by CYP116B. In conclusion, we found three 
CYP116B enzymes studied here show typical C-hydroxylation activities. 
  
Keywords : Cytochrom P450, C-H activation, Monooxygenase 
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 PSP19   Synthesis and Characterization of Synechocystis sp. PCC 6803 Ferredoxin Variants 

 
Yeeun CHA, Nayoung PARK, Jamin KOO 
Department of Chemical Engineering, Hongik University, Seoul, Korea 
Corresponding Author Email : jaminkoo@hongik.ac.kr 
 
Metalloproteins exhibit a wide range of electrochemical and redox properties depending on the internal structure 
surrounding the metal atom(s). Such properties are employed in a wide range of activities, from promoting 
various oxidation and reduction reactions to carrying out electron transfer inside cells. Synechocystis sp. PCC 
6803 ferredoxin (SynFd), which is to be mutated in this study, participates in the energy generation mechanism 
within photosynthesis by helping the regeneration of NADPH. We modified the protein structure of SynFd 
through genetic modification, and the effects of these modifications on the electrochemical and biological 
properties are evaluated. If it can be quantified so that electrons can be transferred quickly not only within cells 
but also in various in vitro systems, various compounds can be produced with much higher efficiency than the 
original. In addition, by analyzing the relationship between the protein structure and physical properties of 
SynFd, we intend to use it for the development of a variety of bioprocesses such as the production of similar 
metalloprotein variants, bio-electronic devices, and industrial strain construction in the future. 
 
Keywords : metalloprotein, ferredoxin, redox biochemistry, electrochemistry, cell-free system 
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 PSP20   Thermodynamics and Molecular Docking Study of Mutant Tobacco Etch Virus (TEV) Protease 

 
Jihye AHN1, Moonsung CHOI1,2 
1Department of Optometry, College of Energy and Biotechnology, Seoul National University of Science and 
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Tobacco etch virus (TEV) protease is a protease widely applied for cleavage of fusion protein because it has 
high sequence specificity. Despite this fact, there is a critical disadvantage of TEV protease; it cleaves itself 
reducing its activity. In addition, since TEV protease has four cysteines including active site, reducing agents 
should be involved in a buffer to prevent formation of inter- or intra-molecular disulfide bond and reduction of 
its activity. In here, TEV protease with S219N or S219V mutations were used which designed to inhibit self-
cleavage and increase its enzymatic activity. In addition to enzymatic activity assay, the reactivity of free thiols 
in each mutant TEV protease was evaluated using ITC and molecular docking simulation were performed to 
confirm possible binding site. S219V showed smaller Km for substrate than S219N did. In thermodynamic study, 
while reacting with DTNB, S219N showed greater ΔH and -TΔS than S219V did though they both showed 
similar ΔG values. Therefore, S219V appeared to have better enzymatic activity and more stable structure than 
S219N in the presence of reducing agents. Molecular docking simulation suggested that the TNB molecules 
bind to the active site of TEV protease, interacting mainly through hydrophobic interaction. Therefore, we 
suggest that S219V mutant TEV protease would be better when used with reducing agents. 
 
Keywords : Tobacco etch virus (TEV) protease, Thiol reactivity, Molecular docking, Structural stability 
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PSP21 Engineering of Corynebacterium glutamicum for the Production of Cinnamaldehyde 
 
In Hyeok CHOI, Jae Woo SON, Jun Hong JANG, Chang Gyu LIM, Ki Jun JEONG 
Department of Chemical and Biomolecular Engineering, Korea Advanced Institute of Science and Technology 
(KAIST), Daejeon, Korea 
Corresponding Author Email : kjjeong@kaist.ac.kr 
 
Cinnamaldehyde (CAD) is a major ingredient that gives off the scent and taste of cinnamon, widely used as a 
flavor agent. In addition, CAD can be used as pesticide for plant parasite nematodes.1 The traditional methods of 
CAD-production are either direct extraction from cinnamon plants or chemical synthesis method. However, 
direct extraction from cinnamon bark requires a large amount of plant consumption. Also, by-products cause 
another environmental pollution and separation of impurities is difficult.2 Here, we engineered Corynebacterium 
glutamicum as a host for effective production of CAD from cinnamic acid (tCA). First, as a main substrate, tCA 
was prepared by cultivation of E. coli which was previously engineered.3 Then, for the conversion of tCA to 
CAD, CAR (carboxylic acid reductase) gene expression system was constructed. Next, the further conversion of 
CAD to cinnamyl alcohol and reverse conversion of CAD to tCA were prevented by deletion of all involved 
gene in C. glutamicum. To the end, we successfully demonstrated the production of CAD from tCA in 2.4 L-
scale bioreactor with 100 % conversion in 0.5 hour. 
 
Keywords : Cinnamaldehyde (CAD), Corynebacterium glutamicum, Carboxylic acid reductase (CAR), Strain 
engineering 
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 PSP22   Reprogramming of Bovine Dermal Fibroblasts into Myoblasts Using Bovine Transcription 
Factor MyoD 

 
Seong Ho LEE1, Hyeong Rae LEE2, Hee Ho PARK1 
1Department of Biotechnology and Bioengineering, Kangwon National University, Chuncheon, Korea, 
2CJ Cheiljedang, Food Research Institute, Suwon, Korea  
Corresponding Author Email : hhpark@kangwon.ac.kr 
 
Most skeletal muscle cells are generated by differentiation of satellite cells [1; 2]. Muscle cells themselves have 
disadvantage for production of cultured meat due to their limited expansion after certain passage number. Over 
the past decade, numerous works have been conducted to reprogram and convert of somatic cells into targeted 
phenotypes by using various approaches, such as genetic manipulation, biomaterials, growth factors, small 
molecules, and cocktails thereof. This process, termed “direct conversion” (also known as direct reprogram-
ming) of somatic cells to another differentiated lineage by introducing combinations of some transcription 
factors, is considered to be a more promising strategy, which involves bypassing the intermediate pluripotent 
stage [3]. Herein, we generated lentiviral vector containing bovine MyoD and expressed it in bovine dermal 
fibroblasts (BDFs) to induce direct conversion into myoblasts [4]. We demonstrated that the transfer of bovine 
MyoD gene to BDFs can induce stable reprogramming and direct conversion to myoblasts. Longer culture 
period enabled maturation toward myotubes and anticipate such method would be beneficial for the generation 
of cultured meat. 
 
Keywords : Bovine somatic cell, Direct conversion, Direct reprogramming, MyoD, induced Myoblast, induced 
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 PSP23   Activation of NK Cell Functionality by Coacervate-mediated Interleukin-15 Delivery 
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Corresponding Author Email : kyobum.kim@dongguk.edu 
 
Interleukin-15 (IL-15) could be an effective modulator to activate natural killer (NK) cell functions (i.e., 
production of anticancer cytokines, proliferation, and cytotoxicity).[1] A successful delivery of IL-15 to NK cells 
and a subsequent activation of NK cell’s anticancer efficacy could be a promising immuno-cancer therapy. For 
the protection of IL-15 with maintaining its bioactivity, coacervate (a complex (1) methoxy polyethylene glycol-
poly(ethylene arginyl aspartate diglyceride) (mPEG-PEAD), a cationic polymer, (2) heparin, anionic counter-
part, and (3) IL-15)) were developed. Release profile of IL-15 could be controlled by varying PEG chain length 
of mPEG-PEAD. Proliferation rate of NK cells was enhanced by coacervate-mediated IL-15 delivery. For 4 hr 
of co-cultured NK and MCF-7 with IL-15, the bolus group more killed MCF-7 than coacervate groups. Also, 
bolus group produce more interferon-γ than coacervate group. Although IL-15 did not release sufficiently from 
coacervate in the short-term culture, it is expected that IL-15 released sufficiently in the long-term culture, 
which could lead to better results than the bolus group.                                              
  
Keywords : IL-15, NK cell, Coacervate, Anti-cancer 
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 PSP24   A Temperature and pH-responsive Injectable Hydrogel from Succinylated Chitosan for 
Controllable Delivery System 
 

Jae Seo LEE1, Dong Nyoung HEO2, Seung Hyun KIM1, Il Keun KWON2 
1Department of Dentistry, Graduate School, Kyung Hee University, Seoul, Korea, 2Department of Dental 
Materials, School of Dentistry, Kyung Hee University, Seoul, Korea 
Corresponding Author Email : Kwoni@khu.ac.kr 
 
Drug-loaded hydrogel-based controllable drug delivery systems (DDS) have received considerable attention 
since they may overcome the drawbacks of conventional drug administration. The desirable hydrogels can be 
injected in any part of the body and are easily-available. To develop DDS, a succinylated chitosan (SCS)-based 
hydrogel was manufactured using facile and water-based conditions. This ideal and ecofriendly hydrogel 
showed rapid gelation and efficient release of gold nanoparticles (GNP) as representative small particles and 
drug substitutes. Moreover, the SCS hydrogel showed outstanding GNP release at low pH, with 100% 
degradation after a week at a pH of 5.5. Additionally, the drug release rate of SCS hydrogel could be controlled 
by adjusting succinylation and temperature. The SCS hydrogel exhibited good biocompatibility for applications 
in DDS. On the basis of these advantages, the SCS hydrogel can be used as a drug-loaded vehicle, which can be 
released at the appropriate time (important for cancer and inflammation treatments) and injected at the 
appropriate site. 
 
Keywords : Natural based hydrogel, Injectable ability, Drug carrier, Controllable drug release 
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 P0001   Nanoflower and AuNPs Deposited GO Nanofiber Based Enzymatic Biosensor for Glucose 
Monitoring 
 

Anam Rana GUL, Chan Yeong PARK, Min Woo KIM, Ruth STEPHANIE, Tae Jung PARK 
Department of Chemistry, Chung-Ang University, Seoul, Korea 
Corresponding Author Email : tjpark@cau.ac.kr  
 
It is crucial to monitor glucose levels in the health management of diabetes patients. Among the detection 
methods for glucose sensing, we focused on electrochemical glucose biosensor with some surface modification 
to improve its sensitivity and selectivity. Thus, we have developed an electrospun nanofiber-based sensor 
platform due to its high surface area and stability. We used poly (vinyl alcohol) as a fiber precursor solution, and 
graphene oxide (GO) was mixed to improve the conductivity of nanofiber. This precursor was further incur-
porated organic-inorganic hybrid nanoflower with glucose oxidase and horseradish peroxidase, as recognition 
and sensing material for glucose detection. This glucose sensing system was performed using cyclic voltam-
metry, chronoamperometry, and electrochemical impedance spectroscopy. As a result, this sensor reacted 
selectively and sensitively with a low limit of detection for glucose. This work demonstrates this nano-bio hybrid 
sensor has the potential to be applied in several biosensing platforms for point-of-care glucose monitoring. 
 
Keywords : Electrochemical biosensor, Electrospinning, Nanofiber, Nanoflower, Glucose detection 
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 P0002   2-aminopurine-based Ultrasensitive Detection of Pathogenic Bacteria with High Signal-to-noise 
Ratio 

 
jiye SHIN, Sung Hyun HWANG, Ki Soo PARK 
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As each species has unique genetic information, the specific DNA sequences can serve as a potential identi-
fication marker. Here, we developed a simple and ultrasensitive pathogenic DNA detection strategy utilizing a 
fluorescence nucleobase analogue [2-aminopurine (2-AP)]-containing split G-quadruplex that binds blocker 
DNA. Compared to a previous strategy that does not use blocker DNA, this strategy significantly increases the 
signal-to-noise ratio by approximately 300%, and the presence of pathogenic target DNA substantially increases 
the fluorescence signal of 2-AP by displacing the blocker DNA. The proposed strategy was rationally combined 
with polymerase chain reaction, which resulted in the successful determination of genomic DNA (within the 
range of 10–106 copies) extracted from the pathogenic bacterium Escherichia coli, with a limit of detection of 
5.2 copies and high selectivity. In addition, the practical applicability of this method was demonstrated by 
analyzing E. coli-spiked lettuce samples. 
 
Keywords : Fluorescence nucleobase analogue, G-quadruplex, signal-to-noise ratio, pathogenic bacteria 
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 P0003   Colorimetric Cholesterol Paper Strip Based on Self Color-Changing Property of Nanoceria 
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Cerium oxide nanoparticles (nanoceria) have been considered as one of the promising nanozymes for develop-
ping colorimetric assays owing to their unique self-color changing property, that is triggered only by H2O2 

without any dye [1]. Although the potential of nanoceria as novel colorimetric transducers to detect H2O2 has 
been demonstrated, they were still not free from spectrophotometer for quantification [2]. 
Herein, we develop a paper-based test strip consisting of nanoceria as H2O2-dependent color-changing nano-
zymes and cholesterol oxidase (ChOx) as a convenient colorimetric assay for cholesterol without the require-
ment of any chromogenic substrate. The fabrication of the cholesterol strip begins with physical adsorption of 
nanoceria on the paper surface, followed by covalent immobilization of ChOx via silanization, chitosan-
mediated activation, and glutaraldehyde treatment of the nanoceria-embedded paper matrices. In the presence of 
cholesterol, ChOx immobilized on the paper strip catalyzes its oxidation to produce H2O2, which forms peroxide 
complex on the nanoceria surface and induces visual color change of the nanoceria-embedded paper from 
white/light yellow into intense yellow/orange, which was conveniently quantified with an image acquired by a 
conventional smartphone with the ImageJ software. Using this strategy, target cholesterol was specifically and 
sensitively determined under neutral pH conditions, which is suitable to measure the serum cholesterol, with 
excellent stability during 20 days and reusability by recovering its original color for 4 consecutive cycles. This 
study demonstrates the potential of self color-changing nanozymes for developing colorimetric paper strip 
sensor, which is particularly useful in instrumentation-free point-of-care environments. 
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 P0004   N, S, and P-codoped Carbon Dots: Intrinsic Peroxidase Activity Over a Broad pH Range and 
Their Antibacterial Applications 
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Nanozymes have drawn enormous scientific attention because of their high practical importance in terms of 
overcoming the instability, complicated synthesis, and high cost of protein enzymes. However, their activity is 
generally limited to particular pHs, especially acidic ones [1]. 
Herein, we report that luminescent N, S, and P-codoped carbon dots (NSP-CDs) act as peroxidase mimetics over 
a broad pH range, including neutral pH, for the peroxidase substrate 2,2´-azino-bis(3-ethylbenzothiazoline-6-
sulfonic acid) (ABTS) in the presence of H2O2 [2]. The synergistic effects of multiple heteroatoms doping in 
CDs boost the catalytic activity over a broad pH range because of the presence of high density of active sites for 
enzymatic-like catalysis and accelerated electron transfer during the peroxidase-like reactions. A possible 
reaction mechanism for the peroxidase like activity of CDs was investigated based on the radical trapping 
experiments. Moreover, the multifunctional activity of NSP-CDs was further utilized for antibacterial assays for 
both gram-negative and gram-positive model species, including Escherichia coli (E. coli) and Staphylococcus 
aureus (S. aureus), respectively. The growths of the employed E. coli and S. aureus were found to be signify-
cantly inhibited due to the peroxidase-mediated perturbation of cell membranes. The present work represents a 
significant advance in the rational design of N, S, and P-codoped CDs as highly active peroxidase mimics for 
novel applications in diverse fields, including catalysis, medical diagnostics, environmental chemistry, and 
biotechnology. 
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 P0005   Colorimetric Detection of Organophosphorus Pesticides Using Acetylcholinesterase in 
Extracellular Vesicles 
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In agriculture, organophosphorus pesticides (OPs) are widely used to protect crops from insects. They, however, 
have potentially harmful impacts on human health. Here, we developed a simple and sensitive colorimetric 
method for the detection of OPs using acetylcholinesterase (AChE) in extracellular vesicles (EVs). EVs are 
composed of lipid bilayer that provides a protective environment for AChE activity. Paraoxon, as a repre-
sentative OP, was detected by measuring the colorimetric change based on AChE-catalyzed conversion of 
substrates. The dynamic range of this method is 10−12–10−4M, with a limit of detection (LOD) of 53.8 pM. 
Furthermore, a spike-and-recovery experiment in human serum confirmed that our EV-based AChE assay 
would be applicable for on-site detection. Importantly, our cost-effective, stable EV-based method enables a 
simple and sensitive OP detection without formation of liposome, or encapsulation of AChE into liposomes. 
Hence, this method will offer new prospects for ensuring the safety of environmental and clinical samples. 
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 P0006   Half-life Extension of Protein Nanocages by Fusing Neonatal Fc Receptor (FcRn) Binding 
Domains: an Advanced Platform for Protein Nanocages-based Biomedical Application 
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Protein based-nanocages have highly organized and homogeneous structures, high surface/volume ratios, and 
other favorable properties, including inherent biocompatibility, biodegradability, and capacity for easy genetic 
and chemical modification. Thus, they have attracted considerable research attention and have been manipulated 
for various applications, especially drug and vaccine delivery. Despite dramatic advances in scientific research 
on protein nanocages, there is the main hurdle for their clinical investigation; short serum half-life in the human 
body. In this study, a series of designed protein nanocages with expanded pharmacokinetic properties are 
developed by genetically conjugating neonatal Fc receptor (FcRn) binding domains (FBDs) to the surface of 
protein nanocages (i.e., ferritin nanocages). The FBD fused-protein nanocages (FFPNs) are successfully biosyn-
thesized using Escherichia coli expression system. The FFPNs show FcRn binding ability in a pH-dependent 
manner and improved permeability of Caco-2 cell, compared to wild type of ferritin nanocages. Therefore, 
given the enhanced recycling properties of FFPNs, a further in vivo pharmacokinetic experiment of FFPNs 
could provide their potential wide use in biomedical fields. Furthermore, although ferritin nanocages are used 
here as a proof-of-concept, this strategy could be applied to other proteins for various applications. 
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 P0007   Growth of Hybrid Nanoflowers on Activated Carbon Fibers for Mediatorless Enzymatic Biofuel 
Cells 
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Enzymatic biofuel cells (EBFCs) have had an enormous appeal to researchers due to their capability to generate 
electricity from various waste sources [1]. Furthermore, the advent of implantable devices has also facilitated 
the research on EBFCs utilizing glucose found in the physiological fluids of human, animal, and plant [2]. 
However, EBFCs have many practical limitations such as low power output and instability. 
Herein, we report a potent strategy to directly grow hybrid nanoflowers, incorporating enzymes and copper 
phosphate crystals, onto activated carbon fibers (ACFs) [3]. The final products incorporating glucose oxidase, 
laccase, or catalase directly growing onto ACFs were used to construct stable electrodes in glucose-mediated 
EBFCs without any mediator. The hybrid nanoflowers/ACF structures yielded higher enzymatic activities and 
operational stability than those of conventional forms of immobilized enzymes (covalently attached enzymes on 
ACF and physically adsorbed enzymes on ACF). The power density of hybrid nanoflowers/ACF-based cell (50 
µW cm-2) was 3–5 times higher than those of the cells prepared from the conventional enzyme immobilization 
routes. The hybrid nanoflowers/ACF-based EBFCs can also be sustained at up to 80% after one month of 
operation. Based on the experimental results, we expect that the hybrid nanoflowers/ACF composites may be 
used in carbon nanotube-free biofuel cells. 
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 P0008   Discovering Saxitoxin-specific Bioreceptor and Fluorescence Detection of Saxitoxin 
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Department of Chemistry, Chung-Ang University, Seoul, Korea 
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Saxitoxin (STX) is an alkaloid isolated from the marine dinoflagellates and cyanobacteria that causes paralytic 
shellfish poisoning. It is a carbamate ester, a member of guanidines, an alkaloid, a pyrrolopurine, and a ketone 
hydrate. These illnesses are a result of saxitoxin’s ability to bind to the voltage-gated sodium channel, blocking 
the passage of nerve impulses and leading to death via respiratory paralysis. To detect the STX, advanced 
analytical instruments were introduced, but it demands the skilled person, high cost, and a long time. In this 
regard, we have developed saxitoxin-specific bindable bioreceptors through the phage-display technology for 
overcoming the above problems. For this technique, we present the haptenization of saxitoxin by conjugating 
with bovine serum albumin (BSA). To effectively immobilize the STX on the BSA, glutaraldehyde was utilized 
as a crosslinker. The discovered bioreceptor will be evaluated by the electrochemical impedance analysis and 
applied for the fluorescence detection of STX.  
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 P0009   Field-Effect Transistor Portable Device for Rapid Detection of Gram-negative/-positive Bacteria 
Discrimination 
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The detection of a pathogenic bacteria is utilized by a various method such as Enzyme linked immunosorbent 
assay (ELISA), cultures, polymerase chain reaction (PCR) and Gram stains, which methods required long time 
consuming. Moreover, the inaccurate diagnosis leads to an overuse of antibiotics or occurrence of multidrug 
resistant (MDR) bacteria, and the critical effect such as amputation, death is caused from emergency patient. In 
this study, we developed a micropatterned graphene-based antibiotics conjugated field-effect transistor (FET) 
for high-performance and rapid detection, and the FET platform was combined with microfluidics. The sensor 
platform was fabricated as portable devices for use in the field, the portable devices showed excellent selective, 
high-sensitivity of 100 cfu/mL LOD, and rapid detection under 5 sec. Those results, the portable biosensors can 
be utilized for point-of-care test on-site and this technology can potentially be utilized for pathogenic bacteria 
and for the diagnosis of other types of diseases. 
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 P0010   MiRNA-specific Gene Regulation in Living Cells by the Novel Hairpin-structured DNAzyme on 
Gold Nanoparticles 
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We developed a hairpin-structured DNAzyme for gene regulation that can be activated by miRNAs, which are 
vital potential biomarkers for diagnosis of human disease and prognosis during clinical treatments as well as 
indicators for cellular status. This technology utilizes RNA-cleaving DNAzyme for the cleavage of mRNA of 
interest only in the presence of specific miRNA. The hairpin-structured DNAzyme also serves as a biosensor for 
miRNA expression by utilizing the quenching ability of gold nanoparticles. By applying this technology to 
mRNAs of anti-apoptotic proteins, such as Mcl-1 and Bcl-xL, we induced apoptosis in HeLa cells in response to 
specific miRNA expression. This technology presents a platform for programming cellular behavior with 
respect to the cellular state represented by miRNA expression. 
  
Keywords : miRNA, DNAzyme, gene regulation, Biosensor 
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 P0011   A Differential Pulse Voltammetric Determination of Target DNA Utilizing Enzyme-mimicking 
Activity of Metal Nanoparticle 
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We herein developed a differential pulse voltammetric method to determine the target DNA based on the DNA 
adsorption-induced alteration of the oxidase-mimicking activity of cerium oxide (CeO2) nanoparticles (NPs). 
Based on the adsorption of DNA amplicon produced by polymerase chain reaction (PCR) only in the presence 
of target DNA, the CeO2 NPs are shielded and aggregated leading to the inhibition of their oxidase-mimicking 
activities. Accordingly, CeO2 NP-mediated oxidation reaction of 3,3’,5,5’-tetramethylbenzidine (TMB) is 
significantly hindered resulting in the diminished electrochemical current signal. In addition, the negatively-
charged DNA amplicon can also electrostatically interact with positively-charged TMB molecules, which 
restricts the approach of TMB molecules toward the CeO2 NPs contributing to the decrease of CeO2 NP-induced 
TMB oxidation reaction. We demonstrate that this strategy can be utilized to simply and rapidly examine the 
PCR result with high practical applicability including quantification of the DNA amplicon and the purification-
free examination of the PCR results. 
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 P0012   Investigation of G-Protein-coupled Receptor (GPCR) Agonism and Antagonism on Field-Effect 
Transistor System 
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G-protein-coupled receptor (GPCR) is currently one of the most popular drug targets due to play role of transfer 
external signal from unique binding events between drug and target interaction into cell and activate internal 
transduction pathways. Many research related to GPCR agonism and antagonism have been studied including 
surface plasmon resonance (SPR), intrinsic fluorescence assays, and in vitro pharmacological assessment. 
Herein, we introduced a new strategy for analyzing the affinity between GPCR and GPCR agonist and 
antagonist using liquid-ion gated FET system in real time. The field-effect transistor (FET) was gated by 
changes of charge carrier density in the conductive channel induced by target molecules, leading to signal in low 
concentration. The real-time responses from the DRD1-nanohybrid FET were highly sensitive and selective for 
dopamine agonists/antagonists, and their maximal response levels were clearly different depending on their 
DRD1 affinities. Moreover, it has lots of advantages including low cost, easy operation, rapid response, label-
free operation, parallel sensing as well as high sensitivity. It could provide the opportunity for novel drug 
development in the future. Therefore, the FET platform can provide the foundation for the next generation of 
analytical methods. 
  
Keywords : G-Protein-coupled receptor (GPCR) , Field-Effect Transistor System, agonist, antagonist  
  

188



Exploring the Upcoming Challenges in Biotechnology2020 한국생물공학회 추계학술발표대회 및 국제심포지엄: Hybrid-컨퍼런스

2020 KSBB Fall Meeting and International Symposium: Hybrid Conference

 P0013   Novel Transfer-printing of Ultrahigh Resolution Arrays for High-throughput Multiplexed 
miRNA Detection 
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Herein, we developed an ultra-high resolution polymer particle array for the multiplexed detection of microRNA 
(miRNA) based on a novel capsulation-assisted transfer printing method. PMMA spheres, which were self-
assembled on a Si template, were encapsulated with PDMS. The encapsulated spheres were then peeled off by 
employing PI adhesive-aided transfer and immersed in heptane. Upon immersion, the PDMS layer was 
dissolved, leading to the detachment of the PI adhesive layer, consequently transferring the PMMA spheres onto 
the target surface. Then, thiolated ssDNA capture probes, conjugated with QDs, were immobilized on the 
PMMA spheres. In the presence of target miRNA, the ssDNA capture probes could identify and capture the 
miRNA, forming a duplex region, which could be recognized by the Duplex Specific Nucelase (DSN) employed 
in the system. The DSN would then cleave only the ssDNA of the duplex region, discharging the QD and 
releasing the miRNA, which is used for further rounds of DSN based cleavage reactions. As a result, a distinct 
decrease in fluorescence signal could be observed. Based on this novel strategy, we successfully detected miR-
141, a promising biomarker for human prostate cancer, down to 2.6 fM with high selectivity. The diagnostic 
capacity of this system was also validated by reliably determining target miR-141 in human serum, showing its 
great potential towards real clinical applications. In addition, by rationally designing the particle array and 
employing different QD conjugated ssDNA capture probes, this system can be extended to multiplexed miRNA 
detection. We believe that the proposed approach will provide excellent insight for future development of novel 
biosensors that can sensitively detect various biological entities such as small molecules, proteins, and cells by 
rationally substituting the capture probes. 
  
Keywords : Optical biosensor, Microarray, Duplex Specific Nuclease, miRNA detection, Capsulation-assisted 
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 P0014   Liquid-state and Label-free SERS Detection of Biological Samples via Light-induced Pinpoint 
Colloidal Assembly 
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Surface-enhanced Raman scattering (SERS) is a representative plasmon-based detection method for sensitive 
molecular detection using a variety of plasmonic structures [1]. However, conventional methods for fabricating 
SERS-active structures include complex, time-consuming steps for conducting lithography and metal deposition 
[2]. Here, we demonstrate a simple method to detect robust SERS signals for liquid samples with containing 
nano to micron-sized analytes by using light-induced pinpoint colloidal assembly of plasmonic nanoparticles 
[3]. Plasmonic nanoparticles and analytes are quickly assembled together at the light focused surface via 
convection flow induced by photothermal heating around the nanoparticles. Using the optimized conditions for 
the assemblies, intrinsic SERS signals of small molecules such as biomolecules and environmental pollutants 
are readily detected in various solvents. Moreover, large entities such as microplastics and microbes co-
assembled with convection flow of the plasmonic nanoparticles are detected. We expect that the proposed 
method can provide a powerful way to sensitively detect biologically and environmentally relevant analytes in 
liquid samples. 
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 P0015   Targeted Delivery of siRNAs to Breast Cancer Cells by Fusion Peptides 
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RNA interference (RNAi) has been developed as a promising way of gene silencing using its natural specificity. 
However, miRNAs or siRNAs have critical difficulties in membrane penetration due to their negative charges 
and hydrophilicity. Therefore, the efficient delivery method of siRNA delivery is necessary for applications of 
RNAi. In this study, the fusion peptides were designed for targeted siRNA delivery to breast cancer cells. The 
fusion peptides could form nanocomplexes that could enhance the permeability and retention (EPR) effect. In 
addition, fusion peptides showed negligible cytotoxicity in MDA-MB-231 cells after 24 and 48 hours when 
treated from 50pM to 6nM of fusion peptides. Moreover, cell killing ability of several siRNA in MDA-MB-231 
were measured using 48-hour treatments of nanocomplexes. The nanocomplexes using fusion peptide might 
become a potential targeted delivery method that could treat breast cancers. 
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 P0016   Double Exposure for the Shape Modulation of Micropatterns Utilizing Single Photomask 
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Diverse photolithography technologies were invented and very useful for a wide range of devices such as 
miniaturized sensing, energy storage, and biomedical sensor platform. Recent efforts have focused on improving 
the resolution to decrease the feature sizes by varying several parameters of the fabrication process. Those 
technologies such as, wavelength of light, off-axis illumination, phase-shifting masks, and optical proximity 
correction have been developed to enhance the resolution and manufacturability of the technique as well as 
extend the use of lithography to numerous applications, including integrated circuits, microfluidics, diagnostics, 
and optics. Here, we demonstrated single-mask photolithography method for the shape modulation of designed 
micropatterns with a single-photomask that utilizes the intrinsic properties of a monolithic photoresist. Our 
approach can achieve various micropatterns only by adjusting a few fabrication parameters. To fabricate the 
modulated micropatterns, the physical parameters were altered and successfully produced modulated shapes. 
Furthermore, our novel approach enables access to numerous varieties of micropatterns and can be expandable 
to multiscale architectures. 
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 P0017   Cancer-targeted Drug Delivery via Hyaluronic Acid-capped Redox/pH-responsive Hollow 
Mesoporous Silica Nanoparticles 
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Stimuli-responsive nanocarriers have been studied for controlling the release kinetics of drugs with minimizing 
unwanted drug leakage. Mesoporous silica nanoparticle (MSN) has been used as a carrier owing to its good 
biocompatibility, high surface area, and easy in modification of functionalities [1,2]. Moreover, it is advanta-
geous in introducing targeting moieties onto stimuli-responsive functional MSN to enhance delivery efficiency. 
Here, we design a redox/pH dual-responsive MSN capped with hyaluronic acid (HA) for improving the release 
property and targeting efficiency. HA has a role to guide the MSN to CD44-rich cancer cells [3]. First, surface 
of the MSN is modified for baring disulfide bond as well as amine group via conjugation steps. Subsequently, 
HA is electrostatically coated to the surface without loss of inner functionalities. In vitro drug release is tested 
using doxorubicin in the presence of external stimuli such as pH and glutathione levels, and targeting ability is 
examined with cancer cells and normal cells. We expect that the proposed HA-capped MSN would be a 
promising carrier to enhance drug delivery efficiency with targeting/stimuli-responsive functionalities. 
 
Keywords : Drug delivery system, Hollow mesoporous silica nanoparticle, Redox active, pH-responsive, 
Hyaluronic acid 
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 P0018   Electrochemical Sensing of Hydrogen Peroxide Using Horseradish Peroxidase Encapsulated 
Protein Nanoparticles with Reduced Graphene Oxide-modified Gold Electrode 
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In this study, an electrochemical biosensor composed of a horseradish peroxidase (HRP)-encapsulated protein 
nanoparticles (HEPNP) was fabricated for the sensitive and selective detection of H2O2. The HEPNP has a 
three-dimensional structure that can contain a large amount of HRP; therefore, HEPNP can amplify the 
electrochemical signals necessary for the detection of H2O2. Furthermore, reduced graphene oxide (rGO) was 
used to increase the efficiency of electron transfer from the HEPNP to an electrode, which could enhance the 
electrochemical signal. This biosensor showed a sensitive electrochemical performance for detection of H2O2 

with signals in the range from 0.01-100 μM, and it could detect low concentrations up to 0.01 μM. Furthermore, 
this biosensor was operated against interferences from glucose, ascorbic acid, and uric acid. In addition, this 
fabricated H2O2 biosensor showed selective detection performance in human blood serum. Therefore, the 
proposed biosensor could promote the sensitive and selective detection of H2O2 in clinical applications. 
  
Keywords : hydrogen peroxide, horseradish peroxidase, electrochemical, reduced graphene oxide 
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 P0019   High-Sensitive, Selective Cytochrome c Conjugated Graphene Field-Effect Transistor for 
Hydrogen Peroxide Monitoring with Rapid Detection 
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Hydrogen peroxide (H2O2), one of the reactive oxygen species (ROS) can ruin biomolecules and perform an 
extensive role in numerous body disorders. Hence, the importance of tracing in vivo ROS with a fast and sensi-
tive monitoring strategy is getting much higher. From this, we developed a cytochrome c (Cyt c) conjugated 
mono-layer graphene field-effect transistor (GFET) biosensor, where the graphene is the conductive substrate 
material and Cyt c is the bioreceptor to unveil ROS. The Cyt c/single-layer graphene FET discloses hole-
transport which shows high selectivity and sensitivity to H2O2 with a detection limit of 100 fM and response 
time less than a second. Moreover, even with a diversified disturbing substance such as ascorbic acid, uric acid, 
glutamate, glucose, and dopamine, our sensor can distinguish H2O2 specifically. With these results, our GFET 
biosensor can be utilized for tracing H2O2 or free radical. 
 
Keywords : field-effect transistor, biosensor, real-time monitoring, cortisol 
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 P0020   End-spliced Dimeric Nanodisc for Improved Virucidal Activity of Nanoperforator 
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Lipid-bilayer nanodiscs (NDs) wrapped in membrane scaffold proteins (MSPs) have mainly been used to study 
membrane proteins of interest in a physiological environment. Recently, NDs have found broader applications 
for drug delivery, cancer immunotherapy, bio-imaging, and therapeutic virucides. Here, we show that surface 
area and stability are critical determinants of in vivo performance of ND-based therapeutics by developing an 
end-spliced circular nanodisc (esND) with size modulability. We provide an efficient method to assemble 
esNDs with long-term thermal stability and resistance to aggregation. EsNDs were assembled using MSPs self-
circularized inside E. coli cytoplasm via highly efficient protein trans-splicing. The esNDs exhibited consistent 
size and 4–5-times improved stability against heat and aggregation compared with conventional NDs. This 
esND indeed showed twice increased in vivo stability during systemic circulation. Moreover, cysteine residues 
on trans-spliced circularized MSPs allowed us to modulate the formation of either monomeric nanodisc 
(esmND) and dimeric nanodisc (esdND) by controlling the oxidation/reduction condition and lipid-to-protein 
ratios. When esdND with increased surface area was used to make an antiviral nano-perforator, esdND showed 
dramatically increased activity suggesting surface area is a critical factor for the virucidal agents that induce 
viral membrane disruption on contact. We expect that the structure controllability, long-term stability, and 
aggregation-resistance of esNDs will aid in development of new types of versatile membrane-mimetic nanoma-
terials with flexible designs and high therapeutic activity. 
  
Keywords : nanodisc, nanoperforator, protein trans splicing, membrane scaffold protein 
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 P0021   Detection of Protein-small Molecule Interactions Using Small Molecule-linked Taq Polymerase 
Aptamer 
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A protein-small molecule interaction assay is developed based on the regulation of DNA polymerase activity. In 
the assay, a blocker probe (BP) is designed to bind a polymerase-specific aptamer probe, and a biotin moiety is 
covalently attached in its 3’ terminus. When the corresponding target protein binds to this biotin moiety, the 
blocker probe is protected against the nuclease-catalyzed degradation. The protected blocker probe is able to 
bind to the Taq DNA polymerase-specific aptamer probe (AP), and activate Taq DNA polymerase. Activated 
DNA polymerase is designed to initiate the primer extension reaction on the primer/template complex in 
conjugation with the TaqMan probe, which leads to an enhanced fluorescence signal, and can be detected by 
real-time PCR instrument. Based on this simple design principle, we successfully identified the interaction of a 
model target protein, streptavidin with its corresponding small molecule, biotin. The practical applicability of 
this method was also successfully verified by the reliable detection of streptavidin in human serum. 
  
Keywords : aptamer, protein-small molecule interaction, Taq DNA polymerase 
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 P0022   A Self-assembled DNA-protein Hybrid Nano Drug Carrier for Targeted Cancer Therapy 
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Doxorubicin is a well-known anti-cancer drug in chemotherapy, but it has the disadvantage of adverse side 
effects which harm surrounding healthy tissues and needs to be transfered through an effective nanocarrier [1]. 
DNA nanostructures with perfect structural programmability, and biocompatibility are one of the most 
promising for drug delivery carriers [2]. However, the instability and low capability of the payload of typical 
DNA assemblies limit the drug’s relevant applications [3]. Consequently, a DNA nanostructure with a firm 
structure and high drug payloads is highly desirable. Here, we present a DNA-Protein hybrid drug delivery 
nanocarrier, consisting of two of the most important biomolecules in nature: DNA and protein. By a step-
reaction polymerization of the two strands of DNA oligomers, DNA nanostructures are self-assembled [4]. And 
here, we combine this avidin-biotin conjugate system by addition of a streptavidin to tether biotinylated DNAs. 
When supra-molecular structures are formed by incorporating protein, the structure increases in both stability 
and drug payload, compared to a nanocarrier made only of DNA. The spherical supra-molecular nano-structure, 
named nanosphere synthesized by a simple one-pot self-assembly method achieves a supra-molecular structure 
below 100nm. Once the nanosphere was synthesized, aptamers were added to provide a target moiety that can 
specifically deliver drugs to a target cancer cell [5]. Surprisingly, this DNA-Streptavidin hybrid nanosphere has 
characteristics of excellent biocompatibility, high drug payload capacity, cancer targeting capability, cellular 
internalization capability, and stability, which are all critical for efficient targeted cancer therapy. This study 
highlights the potential of this DNA-protein hybrid nano drug-carrier which provides advanced targeting moiety 
and high drug payload capacity. 
  
Keywords : Self-assembly, Step-reaction polymerization, DNA-Protein Hybrid, Nanobioengineering, 
Therapeutics 
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 P0023   Brain Map Reorganization by the Cortical Surface Stimulation 
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The cortical map, which is indicative of cognitive status, is drastically influenced by experience. Previous 
mapping tools, such as penetrating electrodes and imaging techniques, have limitations in clinical use largely 
due to invasiveness and poor spatiotemporal resolution, respectively. Here, our recently develops graphene-
based epidural electronics are integrated into an electrocorticography (ECoG) array, thus allowing large-scale, 
real-time, and biocompatible recording/stimulation with high resolution. This system enables us to assess 
cortical maps in a time- and labour-efficient manner. Furthermore, long-term sensory enhancement is observed 
when a sensory stimulus is paired with electrical stimulation at the cortical surface through a subset of graphene 
spots. This result demonstrates the macroscale plasticity of sensory maps, suggesting perceptual enhancement 
by electrical rehabilitation at the cortical surface. We propose that this technology heralds a new generation of 
brain-machine interfaces for studying brain map, map plasticity, and map-related diseases. 
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 P0024   Cell Proliferation Activated by Gold Nanorod 
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The effect of Gold Nanorod (GNR) on the cell growth of Human Dermal Fibroblasts-neonatal (HDF-n) was 
investigated. The size and shape of GNR were confirmed by Transmission electron microscopy (TEM), and 
zeta-potential was measured by Dynamic Light Scattering (DLS). Cytotoxicity and cell growth were evaluated 
through the WST-1 assay. The average length of GNR was 34.5 ± 5.3 nm and width of 10.1 ± 1.6 nm. The zeta 
potential was -39.6 mV. When GNR was used at a concentration of less than 1%, it did not show cytotoxicity 
and increased cell proliferation at a concentration of 0.1 to 0.5%. Therefore, in this study, GNR is an excellent 
material that can be used for cell regeneration. 
 
Keywords : Gold Nanorod, Cell Proliferation, Cell Activation 
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 P0025   Development of Biosensing at Femtomole Concentrations of Cardiac Troponin by MaraEsen 
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 In general, cardiovascular disease is associated with leading cause of death worldwide. Cardiac troponin-I (TnI) 
is sensitive indicators of cardiac pathogen process and pharmacological responses [1]. However, TnI present in 
human body fluid such as blood at minute concentrations, and remained at very low level. Conventional assays 
such as ELISA and mass spectrometry can only take static measurements. Therefore, a monitoring system must 
be developed that is cost-effective, portable, and capable of simultaneously detecting very low levels of TnI 
markers. 
 
Here, we present the development of an electrochemical sensor using MaraEsen based on nanowell array 
structures (NWA) for cardiac markers TnI found in blood to create a personalized medical system. We already 
have reported that NWA can enhance electrochemical detection of molecular binding events by controlling the 
binding sites of the captured molecules [2]. Using NWA biosensor based electrochemical analysis; we have 
detected TnI markers has a limit of detection (LOD) of 0.25 fM and a sensitivity of 0.0057 ± 0.0001 fM/nA in 
pure PBS buffer and a 0.49 fM LOD with a sensitivity of 0.0076 ± 0.0006 fM/nA in real blood. 
 
Taken together, these results which sensing TnI marker in femto-molar range provide an alternative way for 
detection of cardiac biomarkers in real blood with low volumes and long-term ex vivo assessments for 
understanding the progression of disease. 
 
Keywords : Cardiac marker, Immunosensor, Electrochemical sensor 
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 P0026   One Step of COVID-19 Causative Virus (SARS-CoV-2)’s IgG Antibodies Quantification/ 
Qualification in Human Whole Blood Using MaraEsen 
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From now, a total of 1,800,000 cases had been confirmed, of which 40,602 cases had died because of SARS-
CoV-2 [1]. These numbers are still increasing. However, no vaccines and drugs for COVID-19 are yet 
developed, early diagnosis with high accuracy and sensitivity is the only way for reducing this outbreak. From 
now, many diagnosis kit was developed in worldwide and serologic tests detect resolving or past SARS-CoV-2 
virus infection indirectly by measuring the person’s humoral immune response to the virus. Therefore, serologic 
assays do not typically replace direct detection methods as the primary tool for diagnosing an active SARS-
CoV-2 infection, but they do have several important applications in continuous monitoring and responding to 
the COVID-19 pandemic. 
Critical method for diagnosis of IgG is based on lateral flow assay kit (LFA). However, some of this kit have 
low accuracy, and only supports qualification, not quantification. Recently, we report a MaraEsen based 
biosensing method for detecting IgG antibody of SARS-CoV-2 in human clinical samples with high accuracy 
[2]. MaraEsen was consisted of nano-fabricated electrode and electrochemical sensing device. The electrode 
was produced by coating self-assembled monolayer and COVID-19 spike protein. The performance of the 
MaraEsen was determined human clinical samples such as serum, whole blood. The sensitivity, specificity, 
accuracy is 95.2%, 94%, 97%, respectively. MaraEsen is useful tool for continuous monitoring of IgG because 
quantification is available. 
 
Keywords : COVID-19, Immunosensor, Chronoamperometry 
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 P0027   Colorimetric Biosensor Using Dual-Amplification of Enzyme-free Reaction through Universal 
Hybridization Chain Reaction System 
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Hemin/G-quadruplex horseradish peroxidase (HRP)-DNAzyme, one of the DNAzymes, is widely used because 
of its unique catalytic ability without the use of proteins. When using this to detect nucleic acids, the use of 
hybridization chain reaction (HCR) can improve sensitivity because it can amplify a small amount of nucleic 
acid without changing temperature. Here, we designed a new system, universal HCR (uHCR), that solves the 
target sequence-dependency issue in the existing g-quadruplex/HCR fusion strategy. The experimental 
parameters were optimized to improve the efficiency of the strategy. Also, the sensitivity, specificity, and 
universality tests were performed, which confirmed the availability of the strategy. As a result, it was confirmed 
that the uHCR system could detect the target successfully while reducing the inconvenience of the existing 
fusion strategy. Therefore, due to its simplicity, sensitivity, and universality, this method can be readily applied 
to a wide range of diagnostic applications. 
 
Keywords : diagnosis, genetic biosensor, g‐quadruplex, hybridization chain reaction (HCR), universal hairpin 
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 P0028   Efficient Reprogramming of Human Somatic Cells into Induced Pluripotent Stem Cells by 
Intracellular Delivery of RNA Nanoparticle 
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Cellular reprogramming of somatic cells into pluripotent state can be induced by ectopic expression of trans-
cription factors (TFs) such as Oct4, Sox2, c-Myc, and Klf4. Approaches using viral vectors for the expression of 
the TFs are efficient, however, it may cause unexpected modifications in host cell genome. Here, for efficient 
reprogramming, we developed a novel strategy using RNA nanoparticles composed of small interference RNA 
(siRNA) and micro RNAs (miRNAs), which are involved in the reprogramming to iPSC state. To generate RNA 
nanoparticles, rolling circle transcription-mediated self-assembly of RNAs was adapted. The RNA nanoparticles 
(si/miRNA NPs) were successfully delivered into human dermal fibroblasts (HDFs) via cationic polymer-
mediated transfection, and suppressed expression level of the targeted mRNA by function of siRNAs released 
from the nanoparticles. Upon single uptake of si/miRNA NPs during the process of reprogramming induced by 
ectopic expression of transcription factors using plasmid DNA vectors, a significant enhancement in 
reprogramming efficiency was observed. These results suggest that the si/miRNA NPs can be utilized for 
development of transgene-free reprogramming methods. 
 
Keywords : human induced pluripotent stem cell (iPSC), RNA nanoparticles, siRNA, miRNA, transgene-free 
reprogramming 
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 P0030   Rapid and Isothermal Nucleic Acid Detection Utilizing NESBA for the Diagnosis of Novel 
COVID-19 (SARS-CoV-2) 

 
Yong JU, Jaemin KIM, Chang Yeol LEE, Danyong LIM, Hyun Gyu PARK 
Department of Chemical and Biomolecular Engineering, KAIST, Daejeon, Korea 
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The novel respiratory infection coronavirus disease (COVID-19) caused by Severe Acute Respiratory Syndrome 
Coronavirus 2 (SARS-CoV-2), which occurred in December 2019, has developed into a pandemic that threatens 
around the world. We herein describe a rapid COVID-19 diagnosis based on the Nicking and Extension chain 
reaction System-Based Amplification (NESBA) system (CO-NESBA) by utilizing multiple gene detection of 
SARS-CoV-2. The NESBA primer (NP) set used in this study was simply designed to contain the T7 promoter 
sequence and nicking site at the 5’ end of target binding region complementary to the E and N genes of SARS-
CoV-2. Exponential amplification of RNA amplicons due to continuously repeated nicking and extension chain 
reaction contributes to high sensitive detection and early detection (< 30 min) with E and N genes down to 10 
copies and 100 copies per reaction volume, respectively. We also validated our method using 93 clinical 
samples collected from suspected COVID-19 patients in Korea, determining 30 positive and 63 negative 
samples with 100% sensitivity (95 % CI 88.43 % to 100.00 %) and 100% specificity (95 % CI 94.31 % to 100 
%) for both E and N genes in 30 min. Therefore, this CO-NESBA could be a great application value in the on-
site clinical diagnosis of COVID-19 and would serve as a promising platform to achieve point-of-care (POC) 
molecular diagnostics for early diagnosis of various infectious diseases. 
 
Keywords : COVID-19, SARS-CoV-2, RT-PCR, Isothermal amplification, NESBA, clinical diagnosis 
References  
1. C. Wang, P. W. Horby, F. G. Hayden, and G. F. Gao, Lancet 395 (10223), 470 (2020). 
2. X. Zhu, X. Wang, L. Han, T. Chen, L. Wang, H. Li, S. Li, L. He, X. Fu, S. Chen, M. Xing, H. Chen, Y. 

Wang, Biosensors and Bioelectronics 166, 112437 (2020). 
3. C.Yan, J.Cui, L.Huang, B.Du, L.Chen, G.Xue, S.Li, W.Zhang, L.Zhao, Y.Sun, H.Yao, N.Li, H.Zhao, 

Y.Feng, S.Liu, Q.Zhang, D.Liu, J.Yuan, CMI 26 (6), 773 (2020). 
  

205



Exploring the Upcoming Challenges in Biotechnology2020 한국생물공학회 추계학술발표대회 및 국제심포지엄: Hybrid-컨퍼런스

2020 KSBB Fall Meeting and International Symposium: Hybrid Conference

 P0031   Real-time Neurotransmitters Sensing from Single Live Cells Using Graphene Oxide (GO)-
modified Au Nanoarray 
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Department of Chemical & Biomolecular Engineering, Sogang University, Seoul, Korea 
Corresponding Author Email : jwchoi@sogang.ac.kr 
 
Quantitative measurements of neurotransmitter activity at the single cell level can provide insight into the 
underlying mechanisms of stem cell differentiation, neuronal networks, and neurodegenerative diseases. Herein, 
we utilized a graphene oxide (GO)-modified hybrid nano-SERS platform, which consists of homogeneous 
tooth-like gold nanostructure with GO functionalization, to detect dopamine (DA), a clinically relevant neuro-
transmitter, released from individual dopaminergic cells using surface-enhanced Raman scattering (SERS) with 
high spatial resolution and low variable signal intensities. The DA release profile of single cells can be in situ 
spatially mapped by SERS technique in a highly sensitive and selective manner. The developed SERS-based 
detection method can represent a unique tool for investigating single-cell mechanisms associated with DA, or 
other neurotransmitters, and their roles in neurological processes.  
** This research was supported by the Basic Science Research Program through the National Research 
Foundation of Korea (NRF) funded by the Ministry of Education (No.2018R1A6A3A11051465) 
 
Keywords : Surface-enhanced Raman scattering, Detections of Neurotransmitters, Single-cell analysis, 
Graphene-hybrid SERS nanobiosensing 
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 P0032   GOx with Environmentally Friendly Chitosan Nanoparticles for Highly Effective Antimicrobial 
Approach 

 
Li Na KIM1, Kyung-Min YEON2, Jisung YOU1, Jungbae KIM1 
1Department of Chemical and Biological Engineering, Korea University, Seoul, Korea, 2Construction 
Technology Team, Samsung C&T Corporation, Seongnam, Korea 
Corresponding Author Email : jbkim3@korea.ac.kr 
 
Enzymes can be used as antimicrobial agents in an environmentally-friendly way. Here, we have immobilized 
glucose oxidase (GOx), catalyzing glucose and generating bactericidal hydrogen peroxide (H2O2), onto chitosan 
nanoparticles (CS-NPs) for highly effective antimicrobial approach. CS-NPs were prepared via ionotropic 
gelation and used for the immobilization of GOx via four approaches of covalent attachment (CA), enzyme 
coating (EC), enzyme precipitate coating (EPC), and magnetic nanoparticle-incorporated EPC (Mag-EPC). EPC 
represents an approach consisting of enzyme covalent attachment, precipitation and cross-linking, with CA and 
EC being control samples, and Mag-EPC was prepared by mixing magnetic nanoparticles with enzymes during 
the preparation of EPC. The GOx activities of EPC were 26 and 12 times higher than those of CA and EC, 
respectively. CA, EC, EPC and Mag-EPC also retained 25, 49, 83, and 86% of their initial activities up to 16 
days of incubation, respectively. In the presence of glucose, 100% bacterial killing against S. aureus was 
observed upon incubation with EPC and Mag-EPC, while there is no significant bacterial killing with controls 
such as no GOx, CA, and EC. The GOx-immobilized CS-NPs were applied for the fabrication of biocatalytic 
gauzes. The inhibition zone against S. aureus was clearly observed upon using the gauzes with GOx-immo-
bilized CS-NPs. The average annular radius of inhibition zone with the EPC-GOx gauze is larger than those 
with CA- and EC-GOx gauze. EPC not only improved enzyme loadings and stability, but also maintained good 
dispersion in aqueous solution. Mag-EPC adds a value to the EPC approach by enabling facile magnetic 
separation. High antibacterial activities of EPC-GOx and Mag-EPC were attributed to high enzyme loadings as 
a result of efficient cross-linking of precipitated enzyme molecules. Highly active, stable and magnetically 
separable Mag-EPC approach will allow for the applications of enzymes in various other fields including 
environmental remediation and biomedical fields. 
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 P0033   Surface-enhanced Raman Spectroscopy Biosensor Composed of Bioprobe on Au-Te Nanoworm 
Structure 
 

Soo Min KIM, Taek LEE 
Department of Chemical Engineering, Kwangwoon University, Seoul, Korea 
Corresponding Author Email : tlee@kw.ac.kr 
 
In the present study, we fabricated a surface-enhanced raman spectroscopy (SERS) biosensor using gold-
tellurium (Au-Te) nanoworm structure. The fabricated Au-Te nanoworm was effective in enhancing Raman 
scattering, and it was confirmed that it can detect thyroxine and glycoprotein 120 (GP120) human immune-
deficiency virus (HIV) using an aptamer DNA three-way junction (3WJ) and an antibody. The Au-Te 
nanoworm structure showed that the SERS biosensor has the potential to detect a variety of biomarker. 
** This research was supported by the Basic Science Research Program through the National Research 
Foundation of Korea (NRF), funded by the Ministry of Education (2018R1D1A1B07049407), by the National 
Research Foundation of Korea (NRF) grant funded by the Korea government (MSIT) (NRF-2019R1A 
4A1028700) and by the Nano·Material Technology Development Program through the National Research 
Foundation of Korea (NRF) funded by the Ministry of Science, ICT and Future Planning (2009-0082580). 
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 P0034   Fabrication of Electrochemical Aptasensor that Ag+ Ion Intercalated-DNA 4-Way 
Junction/Rhodium Nanoplate Heterolayer on Micro-Gap for C-reactive Protein Detection in Human 
Serum 

 
Jinmyeong KIM, Taek LEE 
Department of Chemical Engineering, Kwangwoon university, Seoul, Korea 
Corresponding Author Email : tlee@kw.ac.kr 
 
CRP is one of the acute phase protein is correlation with systemic inflammation. To detect the CRP precisely, 
authors fabricated electrochemical biosensor consisted of Ag-ion intercalated multi-functional DNA 4-way 
junction (MF-4WJ) and porous rhodium nano particles (pRhNP) heterolayer on micro-gap electrode.  To 
confirm the electrochemical property, electrochemical impedance spectroscopy (EIS) were conducted. The 
results indicate charge transfer resistance can be used efficiently to probe these interactions variable CRP 
concentration. 
** This research was supported by Basic Science Research Program through the National Research Foundation 
of Korea (NRF) funded by the Ministry of Education (2018R1D1A1B07049407) by Korea Environment 
Industry&Technology Institute(KEITI) through the program for the management of aquatic ecosystem health, 
funded by Korea Ministry of Environment(MOE).(2020003030001) by the Industrial Core Technology 
Development Program(20009121, Development of early diagnostic system of peritoneal fibrosis by multiplex 
detection of exosomal nucleic acids and protein markers) funded by the Ministry of Trade, Industry and Energy 
(MOTIE, Korea) 
 
Keywords : c-reactive protein detection, DNA 4-way junction, Electrochemical biosensor 
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 P0035   Development of New Interfacing Compounds for Ultra-stable Biosensors 
  

Jinyeong KIM, Oh Seok KWON 
Infectious Disease Research Center, Korea Research Institute of Bioscience and Biotechnology (KRIBB), 
Daejeon, Korea 
Corresponding Author Email : oskwon79@kribb.re.kr 
 
It is necessary to develop interfacing compounds for immobilizing the bioprobes, including an antibody, 
aptamer, natural receptors and so on, on the platform of biosensors which are consisted of 2D nanostructure. 
There are various 2D nanomaterials in the literatures. In particular, a graphene has high-conductivity, so the 
graphene-integrated biosensors have been constructed to enhance their sensitivity and selectivity. However, the 
surface of the graphene is highly stable owing to their non-covalent electron pairs, so that their surface 
modification is challenge. 
In this study, we demonstrated a new technology for graphene interfacing technologies. The new compounds 
can be easily attached on the graphene surface and provide functional groups at the end of the chemical 
compounds. Moreover, we proposed a simple protocol for immobilizing the natural receptors on the graphene 
surface in field-effect transistor system (FET). The receptor-conjugated graphene FET showed high sensitivity 
and selectivity toward biocides, odorants, and decomposition. 
  
Keywords : Interfacing chemistry, Surface Functionalization, graphene, FET, Biosensors 
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 P0036   Cell-selective Targeting of Antimicrobial Peptide Derived from Frog Pseudis paradoxa 
  

Jin-Young KIM, Mi-Kyeong JANG 
Department of Polymer Science and Engineering, Sunchon National University, Suncheon, Korea 
Corresponding Author Email : jmk8856@scnu.ac.kr 
 
A number of antimicrobial peptides (AMPs) have been discovered and developed from natural sources and 
peptide engineering, however, clinical applications are limited to a few AMPs, due to side effects containing the 
cytotoxicity, immunogenicity, hemolytic activity, short half-life, and reduced antimicrobial activity in salt ions. 
To improve cell selectivity of pseudin-2, an AMP from Pseudis paradoxa skin, between mammalian cells and 
pathogenic fungi, its sequence was substituted on each position of two amino acids within leucine-zipper (LZ) 
motif.  This work was supported by the National Research Foundation of Korea(NRF) and the Center for 
Women In Science, Engineering and Technology(WISET) Grant funded by the Ministry of Science, ICT & 
Future Planning of Korea(MSIP) under the Program for Returners into R&D. 
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 P0037   Synergistic Anti-tumor Action between shRNA and Antimicrobial Peptide 

 
Hyeonseok KIM, Mi-Kyeong JANG 
Department of Polymer Science and Engineering, Sunchon National University, Suncheon, Korea 
Corresponding Author Email : jmk8856@sunchon.ac.kr 
 
The success of gene therapy is dependent on the safe and efficient gene delivery system in body. The aim of this 
study is to improve anti-tumor efficiency of gene carrier and to achieve targeted gene therapy for breast cancer 
cells, based on three typed peptides, containing antimicrobial peptide, proton sponge effect-enhancing peptide, 
and tumor-targeting peptide. In particular, LTVSPWY dendrimer peptide which can target to HER2-positive 
cancer cells, and HnMc antimicrobial peptide which may be able to induce mitochondrial apoptosis. The multi-
functionalized gene carriers were comprehensively characterized for their chemical structures, sizes, and gene 
binding capacity as well as blood and cytotoxic compatibility. Polyplexes with shRNA showed a potent cellular 
uptake and gene silencing in HER2-positive breast cancer cell, SK-Br-3, comparing to commercial transfection 
reagent. The multi-functionalized gene carrier proposes to be used as a targeted gene carrier in cancer therapy 
and clinical applications (NRF-2020R1A2C1013069). 
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 P0038   Alginate Hydrogel Bead with Antimicrobial and Water-releasing Action 

 
Hyeonseok KIM, Yung-Hun PARK, Mi-Kyeong JANG 
Department of Polymer Science and Engineering, Sunchon National University, Suncheon, Korea  
Corresponding Author Email : jmk8856@sunchon.ac.kr 
 
Continuous hydration and resistance to plant pathogens are very important for seed germination, plant growth, 
and crop production. Thus, we were prepared the hydrogel which is able to release the water, nutrients, and 
water-soluble chitosan for a long time, due to a three-dimensional hydrophilic polymer network structure. 
Hydrogel was prepared by ion crosslinking of sodium alginate as a gelling polymer and calcium lactate as a 
gelling activator. In addition, to provide antimicrobial effect in the released water solution from hydrogel beads, 
water-soluble chitosan which exerts antifungal, antioxidant, and anticancer actions. Swelling behaviors and 
water-release kinetics of the hydrogel beads were investigated with two-typed alginates with low and high 
viscosity in time-dependent and concentration-dependent manners. Furthermore, the seed germination and plant 
growth were investigated in hydrogel beads with various compositions of WSC and nutrients. Antimicrobial 
effect of hydrogel bead was expressed by released WSC solution.  
** Our results suggest potential applications of hydrogel bead in sustainable modern agriculture (NRF-
2020R1A2C1013069). 
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 P0039   In vivo Antimicrobial, Anti-biofilm, and Anti-inflammatory Imaging via Alpha-helical Peptides 

 
Seong-Cheol PARK, Mi-Kyeong JANG 
Department of Polymer Science and Engineering, Sunchon National University, Suncheon, Korea 
Corresponding Author Email : jmk8856@sunchon.ac.kr 
 
The increasing emergence of resistant pathogens to conventional drugs and the increasing frequency of 
microbial infections in immunosuppressed hosts have needed to find new-typed antibiotics with different 
mechanisms to prevent these infections. A promising agent that has potent antimicrobial activity against 
pathogenic bacteria and fungi resistant to conventional antibiotics is a group of antimicrobial peptides (AMPs). 
We rationally designed synthetic AMPs using lysine, isoleucine, tryptophan, arginine and glutamic acid. The 
synthetic peptides showed a potent antibacterial activity for planktonic cells in Pseudomonas aeruginosa and 
Staphylococcus aureus, drug-resistant bacteria isolated from patients, via membranolytic action. They are non-
toxic against human erythrocytes and mammalian cells. Moreover, their anti-inflammatory capacity and anti-
biofilm activity were length-dependently increased in LPS-treated macrophage and pre-formed bacterial 
biofilm, respectively.  
** The results are able to provide basic information in designation of synthetic peptides as candidate of AMPs 
(NRF-2019R1I1A3A01062547). 
 
Keywords : antimicrobial peptide, anti-biofilm, anti-inflammatory 
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 P0040   Smart Antimicrobial Peptide Micelle 
  

Seong-Cheol PARK, Yung-Hun PARK, Mi-Kyeong JANG 
Department of Polymer Science and Engineering, Sunchon National University, Suncheon, Korea 
Corresponding Author Email : jmk8856@sunchon.ac.kr 
 
Recently, antimicrobial peptides have emerged as a potential alternative to conventional antibiotics. Despite 
their great potential as antimicrobial peptides, the clinical uses of antimicrobial peptides are limited mainly by 
their poor stability in biological environment resulting from proteolytic degradation. In this context, we 
synthesized antimicrobial lipopeptide (DSPE-HnMc), which is able to formulate into micelles in combination 
with biodegradable amphiphilic block polymers. We hypothesized that DSPE-HnMc and PLGA-PEG (poly 
(lactic-co-glycolic acid)-polyethylene glycol) self-assemble to form thermodynamically stable micelles with 
hydrophilic PEG and HnMc on their surface and hydrophobic PLGA and DSPE in their core. It was also 
hypothesized that PEG could serve as a safeguard of HnMc from proteolytic degradation in complex biological 
environments and HnMc on the surface could help micelles preferentially bind and kill bacteria.  
** In this proof-of-concept study, we evaluated the potential of HnMc micelles as antibacterial agents and 
selective bacterial imaging agents and also validated the value of our design concept using mouse models of 
bacterial infection (NRF-2019R1I1A3A01062547). 
 
Keywords : antimicrobial peptide, micelle, bacterial targeting 
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 P0041   Flexible Electrochemical Biosensor Composed of Gold@MoS2@gold Multilayer for HIV-1 
Detection 
  

Minkyu SHIN, Jinho YOON, Joungpyo LIM, Jeong-Woo CHOI 
Department of Chemical & Biomolecular Engineering, Sogang University, Seoul, Korea 
Corresponding Author Email : jwchoi@sogang.ac.kr 
 
Detection of HIV-1 using gp120, the surface protein located on HIV, has attracted much attention since HIV has 
a long incubation period. In this study, the flexible electrochemical biosensor composed of molybdenum 
disulfide (MoS2) and gold is developed to detect gp120. To fabricate this flexible biosensor, gold is sputter 
coated on the polyethylene terephthalate (PET) substrate and MoS2 is spin coated on the gold coated PET 
substrate. Then, gp120 antibody immobilized on the substrate using the specific binding with cysteamine. 
Furthermore, due to the PET substrate, this fabricated biosensor showed excellent flexibility. Developed flexible 
electrochemical biosensor showed high sensitivity and selectivity. Also, after several times bending, the current 
value is maintained. This developed flexible biosensor can be used to fabricate the flexible bioelectronics device 
with high electrochemical sensitivity and selectivity for portable device platform.  
** This research was supported by the National Research Foundation of Korea (NRF) grant funded by the Korea 
government (MSIT) (No.2019R1A2C3002300) and by the Ministry of Education (No.2016R1A6A1A03012845). 
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 P0042   Glucose Oxidase Mimicking Activity of Nanoceria for Biomolecular Detection Utilizing Personal 
Glucose Meter 

 
Jun Ki AHN, Hyogu HAN 
Human Convergence Technology R&D Department, Korea Institute of Industrial Technology, Ansan, Korea 
Corresponding Author Email : jkahn@kitech.re.kr 
 
Various biological or chemical substances have posed a serious threat to human beings and the demand for 
decentralized, point-of-care (POC) testing systems has accordingly increased. Among many POC devices that 
are commercially available on the market, a personal glucose meter (PGM) with high portability, low cost, 
simple operation, and reliable quantitative ability has been regarded as one of the most successful. Many groups 
have tried to utilize a PGM for simply sensing the various target molecules. However, most techniques could not 
avoid the requirement for modification and separation steps. Herein, we propose the method to use the personal 
glucose meter as biomolecular detection device based on the glucose oxidase mimicking activity of nanoceria. 
 
Keywords : Nanoceria, Glucose Oxidase, PGM, POCT, Biosenosr 
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 P0043   Pretreatment-Free, Immunocolloidal Gold Nanoparticles-Based Lateral Flow Strips for Rapid 
Detection of Melamine in Milk 
  

Min Ji LEE, Bumjun PARK, Yun Suk HUH 
Department of Biological Engineering, Biohybrid Systems Research Center (BSRC), Inha University, Incheon, 
Korea 
Corresponding Author Email : yunsuk.huh@inha.ac.kr 
 
This research is a rapid lateral flow immunoassay (LFIA) based on colloidal gold for detection of melamine. 
Melamine, which became known by china milk scandal in 2008, is an organic compound, often used with 
formaldehyde to produce melamine resins. Although melamine is harmful to the human body, it was illegally 
added to food for increasing the protein content due to its high nitrogen content. Generally used analysis 
methods for the detection of melamine are Liquid chromatography mass spectrometry (LS/MS), gas chromate-
graphy/mass spectrometry (GC/MS), Raman analysis, and near- and mid-infrared spectroscopy. Even though 
these methods have high selectivity, sensitivity, and accuracy, they are need to high cost and sample pretreat-
ment procedure. The lateral flow assay (LFA) technique, in this study, gives many advantages such as the cost-
effectiveness, rapid detection, and so on. As well as this LFA biosensor can be possible to confirm the red line 
to the naked eye because of using colloidal gold. As a result, this sensor can detect melamine in milk rapidly and 
sensitively. LFA biosensor of this research is expected as an analysis method for early detection of melamine 
due to the simplicity and speed of the detection process. 
  
Keywords : LFIA, Melamine, Milk, Detection 
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 P0044   Gold Nanoparticles Based Immunochromatographic Strips for On-site Detection of Histamine 
in Fish 
  

Min Ji LEE, Yun Suk HUH 
Department of Biological Engineering, Biohybrid Systems Research Center (BSRC), Inha University, Incheon, 
Korea 
Corresponding Author Email : yunsuk.huh@inha.ac.kr 
 
This research is the development of rapid lateral flow immunoassay (LFIA) strip based on colloidal gold for the 
detection of histamine. Histamine is one of the important organic compounds, but it is well known factor to 
cause an allergy and inflammation-like food poisoning. Generally used analysis methods for the detection of 
histamine are LS/MS, GC/MS, Raman analysis, and near- and mid-infrared spectroscopy. Even though these 
methods have high selectivity, sensitivity, and accuracy, they are need to high cost and complicated sample 
pretreatment procedure. LFIA technique, in this study, gives many advantages such as the cost-effectiveness, 
rapid detection, and so on. As a result, Our LFIA sensor can detect histamine in fish and fish product rapidly and 
sensitively with simple pretreatment of samples. LFIA strip of this research is expected as an analysis method 
for early detection of histamine due to the simplicity and speed of the detection process.  
 
Keywords : LFIA, Histamine, AuNPs, On-site detection 
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 P0045   On-site Rapid Detection of Ractopamine Residues in Pork Using Lateral Flow Immunoassay 
Strips 
 

Min Ji LEE1, Eunseon LEE2, Mi-Wha OH2, Yun Suk HUH1 
1Department of Biological Engineering, Biohybrid Systems Research Center (BSRC), Inha University, Incheon, 
Korea, 2Animal Production Research and Development Division, National Institute of Animal Science, Wanju, 
Korea 
Corresponding Author Email : yunsuk.huh@inha.ac.kr 
 
This research is the development of rapid lateral flow immunoassay (LFIA) strip based on colloidal gold for the 
detection of ractopamine. Ractopamine hydrochloride is the family of β-agonists, which are widely used as 
growth promotants to increase feed efficiency and weight gain of livestock production. Despite these advan-
tages, ractopamine is narrowly approved in many countries due to its potential risks for human. Many analytical 
methods for the monitor of ractopamine in livestock depend on instrument-based analysis such as HPLC, 
LS/MS, GC/MS, and fluorecence. Even though these methods have high selectivity, sensitivity, and accuracy, 
are need to high cost, sophisticated technique, and complicated sample pretreatment procedure. LFIA technique, 
which is used in this study, gives many advantages such as the cost-effectiveness, rapid detection, and 
simplicity. As a result, this sensor is able to not only rapid detect of ractopamine, but also detect sensitively in 
feeds and animal tissues. LFIA strip of this research is expected as an analysis method for early detection of 
ractopamine due to the simplicity and speed of the detection process.             
  
Keywords : LFIA, Ractopamine, AuNPs, On-site detection 
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 P0046   Conducting Polymer Nanomaterials Applied on Field Effect Transistor 

 
Jiyeon LEE, Oh Seok KWON 
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Corresponding Author Email : oskwon79@kribb.re.kr 
 
In this study, brain hormone, dopamine (DA), was detected using modified conducting polymer nanotubes with 
aptamers. A aptasensor was comprised of interdigitated microelectrodes (IMEs), carboxylated polypyrrole 
nanotubes (CPNTs) and DA-specific aptamers. The field-effect transistors (FETs) sensor was constructed by 
sequential conjugation of CPNTs and aptamer molecules on the IMEs, and the substrate was integrated into a 
liquid-ion gate surrounded by pH 7.4 PBS buffer. To detect DA from PC12 cells exocytosis based on aptamer 
sensor, the sensitivity and selectivity of DA were observed using liquid-ion gated FETs. The Limit of detection 
level (LOD; 100 pM) of the aptamer sensor was determined, and their LOD was optimized by controlling the 
diameter of the CPNTs owing to their different capacities for aptamer introduction. The CPNTs with the smaller 
diameters (CPNT2: ca. 120 nm) showed 100 times higher sensitivity and selectivity than the wider CPNTs 
(CPNT1: ca. 200 nm). 
 
Keywords : Dopamine, FET, sensor 
  

221



Exploring the Upcoming Challenges in Biotechnology2020 한국생물공학회 추계학술발표대회 및 국제심포지엄: Hybrid-컨퍼런스

2020 KSBB Fall Meeting and International Symposium: Hybrid Conference

 P0048   Ultrasensitive and Highly Selective Superbioelectronic Nose Mimicking the Human Sense of 
Smell 

 
Siyoung HA, Sung Eun SEO, Oh Seok KWON 
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Corresponding Author Email : oskwon79@kribb.re.kr 
 
While human sensory-mimicking systems, such as tongues and skin, have been advanced for usage in improving 
social welfare, no remarkable achievements have been made in mimicking the human sense of smell due to 
complex olfactory sensory neurons. Combinational coding of human olfactory receptors (hORs) is significant 
for odorant discrimination in mixtures, and the development of hOR-combined multiplexed systems has been 
very slowly. Here, we report for the first time the creation of a “human nose” prototype using hOR-conjugated 
graphene micropattern (GM) geometries, referred to here as a multiplexed super bioelectronic-nose (MSB-
nose), leading to high-performance odorant discriminatory ability in mixtures. Portable MSBnoses were 
constructed using highly uniform GMs that were conjugated with two different hORs, which were employed as 
transducers in a liquid-ion gated field-effect transistor (FET). Field-induced signals from the MSB-nose were 
monitored and provided high sensitivity and selectivity toward target odorants. The MSB-nose exhibited 
unprecedented reliability and reproducibility in control experiments on volatile organic compounds and odorant 
mixtures. The potential of the MSB-nose of encoding hOR combinations was illustrated via principal 
component analysis. 
 
Keywords : biosensor, electric nose, field-effect transistor 
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 P0049   Hemoglobin/DNA Conjugate Based Biosensor for H2O2 Detection 
  

Joungpyo LIM, Jinhee JO, Minkyu SHIN, Jeong-Woo CHOI 
Department of Chemical & Biomolecular Engineering, Sogang University, Seoul, Korea 
Corresponding Author Email : jwchoi@sogang.ac.kr 
 
As a main by-product of enzymatic reactions, hydrogen peroxide (H2O2) is an unstable and highly reactive 
material in biological system which affected harmful effect to living cells. Thus, concentration of H2O2 is 
considered as a parameter of activity coefficient in physiological reactions. For this reason, in this research, 
electrochemical biosensor composed of hemoglobin (Hb)/DNA conjugate on nanoporous Au substrate was 
developed for H2O2 detection. Fabricated Hb/DNA conjugate was designed to avoid Hb from aggregation on 
substrate. The uniformly assembled biosensor was induced by hybridization of Hb/DNA conjugate and comple-
mentary DNA (cDNA) on nanoporous Au substrate. Furthermore, nanoporous Au substrate was introduced to 
the increment of the surface area. This biosensor showed a wide linear range from 0.00025 to 5.00 mM with a 
correlation coefficient of R2=0.9986 and detection limit of 250 nM. Fabricated biosensor can be utilized as a 
sensing platform for development of biosensor.  
** This research was supported by the National Research Foundation of Korea (NRF) grant funded by the Korea 
government (MSIT) (No.2019R1A2C3002300) and by the Ministry of Education (No.2016R1A6A1A03012845). 
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 P0050   Electrochemical Measurement of Cholesterol Based on the Bienzyme Nanoparticle-modified 
Electrode 

 
Min woo KIM, Chan Yeong PARK, Subhadeep GHOSH, Tae Jung PARK 
Department of Chemistry, Chung-Ang University, Seoul, Korea 
Corresponding Author Email : tjpark@cau.ac.kr  
 
As an essential component for the cellular membrane and nutrients, cholesterol carries out the pivotal roles for 
normal body functioning. The high level of cholesterol in the blood (> 5 mM) not only induces the hyper-
cholesterolemia, which is the accumulation cholesterol on the arterial vessel wall, but also promotes the 
development of cardiovascular disease, type 2 diabetes, and several neurological diseases, thus, managing the 
level of cholesterol is an important issue. To monitor the cholesterol level, enzyme-based electrochemical 
sensors were designed. There are myriad ways to apply enzymes to the cholesterol sensing system, which use 
only enzymes or complexes with nanomaterials. There has been a focus on ChOx-based electrochemical 
methods. However, direct adsorption or immobilization of bare enzymes onto the metal electrode commonly 
represents problems such as denaturation, degradation, and the loss of its activity during electrode modification 
steps and analysis procedures. To resolve these problems, enzyme nanoparticles, which are aggregated enzymes 
smaller than 100 nm connected by glutaraldehyde acting as a cross-linker, was utilized in this study. 
 
Keywords : Cholesterol detection, Enzyme nanoparticles, Nanobio-sensor, Electrochemistry 
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 P0101   Development of Selective Enzyme Immobilization Technology via Fusion of Gold Binding 
Peptides to Glucose Dehydrogenase for Multi-enzyme Based Bioelectronics Application 
  

Eun Mi LEE1, Hyeryeong LEE1, Stacy SIMAI REGINALD1, In-Geol CHOI2, In Seop CHANG1 
1School of Earth Sciences and Environmental Engineering, Gwangju Institute of Science and Technology 
(GIST), Gwangju, Korea, 2School of Life Sciences and Biotechnology, Korea University, Seoul, Korea 
Corresponding Author Email : ischang@gist.ac.kr 
 
The development of multi-enzyme based bioelectrochemical system is one of the most rapidly developing areas 
for next-generation electrochemical applications such as biosensor, bioelectrochemical system and biofuel cell. 
For efficient operation of device, the immobilization of enzyme to the electrode must be secured to have desired 
electrochemical reaction and efficiency in applications. Currently, many technologies like chemical linking, 
physical adsorption, and encapsulation have been studied for multi-enzyme immobilization. However, this 
technics are limited to enzyme positioning that effects difficulties in enzyme chain reactions. In this study, we 
suggest the multi-enzyme and co-immobilization strategy via genetic fusion of gold binding peptide (GBP) on 
Glucose dehydrogenase (GDH) in order to increase controllable positioning and binding affinity of enzymes 
toward gold surface in multi material patterned electrode. It was designed multi-material electrode which 
consists with Au, Ti, and Pt on Si wafer. The GBP candidates have been searched through literature survey. The 
designed electrode which contain four materials was used to determine the GBP candidate’s binding selectivity 
toward Au and binding exclusiveness toward other materials. As well, the selective binding of synthetic 
enzymes fused with GBP candidates, toward target material was also tested .on multi-material patterned 
electrode. This study serves as an important step for positional co-immobilization of multi-enzymes on electrode 
and is expandable to cascadic multi-enzyme system based bioelectronics. 
 
Keywords : Enzyme Engineering, Enzyme co-immobilization, Gold binding peptide 
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 P0102   The Development of Red Fluorescent Proteins with Enhanced Isoelectric Point Photoswitching 
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Many new RSFPs, reversibly photoswitchable fluorescent proteins, have been developed, and novel applications 
of cell imaging has been discovered that relies on their photoswitching properties. In our lab, we have 
discovered the photoswitchable properties of RFPs, Red fluorescent proteins including mplum and mcherry by 
mutating them at key residues for protonation, chromophore planarity, and pocket flexibility. Applying our 
recent findings about the photoswitching mechanism of GFPs, which greatly promoted the cis-trans conversion 
of the chromophore, we further engineered and improved the photoswitching conversion of mCherry. The 
detailed optical and photo-switching properties of related engineered RFPs are described. This study will guide 
further development of photo-switchable RFPs with pI change 
  
Keywords : photoswitchable , fluorescent protein, mutate, chromophore  
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 P0103   Characterizations of Three Crucial Enzymes Involved in 1-Deoxynojirimycin Biosynthesis in 
Bacillus atrophaeus MBLB1156 
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The biosynthetic gene cluster for 1-deoxynojirimycin (1-DNJ), a poly-hydroxylated piperidine alkaloid reported 
to have antidiabetic properties, was isolated from Bacillus atrophaeus MBLB1156. It has been proposed that the 
three enzymes encoded within this cluster, GabT1, Yktc1 and GutB1, predicted to constitute a set of enzymes 
required for 1-DNJ synthesis, although their functions have not been demonstrated in vitro. In this study, we 
have showed the 1-DNJ production by Bacillus atrophaeus MBLB1156 isolated from fermented food and 
expressed each of the 1-DNJ biosynthetic genes (gabT1-yktc1-gutB1) for functional characterization of all three 
enzymes. GabT1 was functionally characterized as a pyridoxal phosphate-dependent fructose 6-phosphate: 
glutamate aminotransferase, Yktc1 displays that catalyzing zinc-dependent phosphatase reaction, and GutB1 
appeared to catalyze the oxidation of 2-amino-2-deoxy-D-mannitol (ADM) with NAD+. Finally, mannojirimycin 
produced by three enzymes from fructose 6-phosphate. This three enzymes in 1-DNJ biosynthesis were cha-
racterized for the first time. 
 
Keywords : 1-deoxynojirimycin, Bacillus atrophaeus MBLB1156, characterization, biosynthetic genes 
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 P0104   Functional Expression of a Mo-Cu Dependent Carbon Monoxide Dehydrogenase for 
Application in Dissolved Carbon Monoxide Biosensor 
  

Stacy REGINALD1, Deby FAPYANE2, Micheal ETZERODT3, In Seop CHANG1 
1School of Earth Sciences and Environmental Engineering, Gwangju Institute of Science and Technology, 
Gwangju, Korea, 2Aarhus University Centre of Water Technology (WATEC), Department of Bioscience, Aarhus 
University, Aarhus, Denmark, 3Department of Molecular Biology and Genetics-Protein science, Aarhus 
University, Aarhus, Denmark 
Corresponding Author Email : stacyreginald@gist.ac.kr 
 
CO dehydrogenase (EC.1.2.5.3) is a key enzyme in CO metabolism catalyzes the oxidation of CO with H2O to 
release CO2, two protons and two electrons. CODHs found in both anaerobic and aerobic bacteria are struc-
turally and mechanistically different, also contain different metallocofactors at their active sites albeit catalyzing 
the same reaction. Remarkably, the aerobic CODH from Hydrogenophaga pseudoflava, a molybdenum (Mo) 
and copper (Cu) dependent enzyme retains their catalytic activity when exposed to air, unlike the anaerobic 
CODH, nickel (Ni) and iron (Fe) dependent CODHs which are extremely vulnerable to air, thus, hinder the 
potential practical applications. The heterologous expression of Mo-Cu CODH for high-level production in 
E.coli has not been attempted in the past as E. coli was initially thought to be unable to synthesize molybdop-
terin cytosine dinucleotide (MCD)-type Mo cofactor which is exclusively found in Mo-Cu CODH and required 
for CO oxidation activation. After the discovery of enzymes containing MCD in E. coli, it is hypothesized that it 
might be a suitable host for expressing recombinant Mo-Cu CODH. In this study, the functional expression of 
Mo-Cu CODH in E. coli was established. Further, the practicality of CODH in dissolved CO sensing system 
was analyzed and characterized. 
 
Keywords : carbon monoxide dehydrogenase, Hydrogenophaga pseudoflava, dissolved CO concentration 
monitoring, bio-microsensor 
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 P0105   Development of the Expression System of Recombinant NamH 

 
Eun KO1, DongShin YANG1,2, Sooim SHIN1,2 
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Gwangju, Korea, 2Interdisciplinary Program of Bioenergy and Biomaterials Graduate School, College of 
Engineering, Chonnam National University, Gwangju, Korea 
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NamH, UDP-MurNAc hydroxylase, is a 58 kDa protein found in mycobacterium. The peptidoglycan of 
mycobacterium is not N-acetylated as the peptidoglycan of a common bacterium but N-glycolylated and this 
modification from N-acetylation to N-glycolylation is accomplished by NamH. The N-glycolylated peptide-
glycan of mycobacterium was shown to have elevated Nod2-mediated host innate immunity than the N-
acetylated peptidoglycan of a common bacteria. In this study, NamH was firstly cloned, expressed, and purified 
in soluble form using the Escherichia coli system applying the pelB leader sequence for periplasmic space 
targeted localization and 6x his-tag for Ni-NTA affinity-based purification. The purified NamH has a 
potentiality in the medical application for enhancing the host innate immunity in response to the bacterium with 
N-acetylated peptidoglycan. 
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 P0106   Discovery and Engineering of a Thermostable Phospholipase A2 from Sciscionella marina   
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The phospholiphase A2 (PLA2) hydrolyzes the 2-acyl ester linkage of 1,2-diacyl-3-sn-phosphoglycerides to yield 
lysophospholipids and free fatty-acids, which can be used as emulsifiers in the cosmetic and food industry [1, 
2]. However, most of microbial PLA2s, including the representative bacterial enzyme from Streptomyces viola-
ceoruber (Sv-PLA2), were rather unstable under process conditions. Therefore, we searched for thermostable 
PLA2s and found an enzyme from marine microorganism Sciscionella marina (Sm-PLA2) that shares 50% 
sequence identity with Sv-PLA2. The Sm-PLA2, which was produced by using the recombinant Echerichia coli-
based expression system [3], was stable up to 50oC, but showed rather low catalytic activity, as compared to the 
Sv-PLA2. Thereby, the enzyme was engineered to increase the catalytic activity based on homology modeling. 
One of the variants (i.e., S38G) exhibited high catalytic activity with the thermal stability. This study will 
contribute to enzymatic synthesis of lysophospholipids and lysolecithines from phospholipids and lecithines. 
 
Keywords : Phospholipase A2, Lysophospholipid, Lysolecithin, Enzyme engineering 
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 P0107   Improving Oxidative Stability of the Baeyer-Villiger Monooxygenase from Pseudomonas putida 
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Baeyer-Villiger monooxygenases (BVMOs), which catalyze oxidation of carbonyl substrates to esters or 
lactones using NADPH and molecular oxygen, are important for organic synthesis [1]. However, the BVMOs 
are generally poor in stability, especially in the absence of a substrate, because hydrogen peroxide can be 
generated through the uncoupling reaction [2]. Thereby, H2O2 migration path was investigated here by using the 
ligand migration simulation [3]. In order to improve the oxidative stability of the BVMO, the easily oxidized 
amino acids (e.g., methionine), which resided in the predicted H2O2 migration path, were changed to chemically 
inert amino acids (e.g., leucine). In addition, the migration rates of H2O2 in the enzyme was enhanced by 
widening the diameter of the H2O2 migration path. As a result, we obtained the variants that showed the greater 
total turnover number for 4-decanone and 10-ketooctadecanoic acid, as compared to the previous study [4]. 
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 P0108   Isolation of Soluble Norovirus VP1 from E. coli Using Protein Optimized Solubilization Method 
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Norovirus is a major cause of an acute gastroenteritis worldwide. It is non-enveloped virus and contains 
positive-sense RNA in its genome. Norovirus viral protein 1 (VP1) is a major structural protein to assemble the 
capsid of norovirus and it consists of shell (S) domain and protruding (P) domain. The virus-like particle (VLP) 
is a new generation of vaccine which mimic the virus particle but doesn’t contain the viral genome, resulting in 
guaranteeing safety and effectiveness. However, VLP against norovirus is struggled to use as a vaccine because 
of the low productivity and the lack of expression system. In this study, we constructed the plasmid containing 
full-length VP1 gene with His-tag and periplasmic signal sequence. The gene sequence was optimized, and the 
protein expression was induced by IPTG in E. coli. As a result, the protein was expressed as an inclusion body 
with 62 kDa of molecular weight. We solubilized the protein using urea and dialyzed the solution using urea 
gradient buffers. Finally, we obtained the clear protein solution, which indicates that the VP1 was properly 
folded. Also, we confirmed by peptide mapping that isolated VP1 has the accurate peptide sequence. 
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 P0109   Overexpression of Truncated Hemagglutinin while Causing Endocytosis in the Cytoplasm of 
Escherichia coli 
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Influenza is one of the most common causes of human respiratory illnesses and is responsible for annual 
epidemics showing high morbidity and mortality. Currently, hemagglutinin (HA) has been used as a main target 
for influenza vaccination causing specific neutralizing antibody responses. Meanwhile, HA2 is known to be 
conserved than HA1, which suggests a potential to be used as a universal broad spectrum vaccine. However, 
full-length HA2 spanning from the fusion peptide to transmembrane domain has not been expressed in 
Escherichia coli, a widely used expression system for recombinant protein, perhaps because of its intensive 
membrane interaction. To overcome this drawback, we attempted to co-express HA2 with vesicle-forming 
protein (VFP) which has previously shown to increase expression level of several transmembrane proteins. 
Expressions of HA2 lacking fusion peptide (HA2ΔFP) was dramatically increased by co-expression with GST-
VFP (G-VFP). Co-expression with 6xHis-VFP (H-VFP) and MBP-VFP (M-VFP) also enabled overexpression 
of HA2. Furthermore, these VFPs with three different tags enhanced expression of HA2 which include the 
fusion peptide. In conclusion, HA2ΔFP and HA2 that has been poorly expressed solely in E. coli was 
successfully expressed by co-expressing with VFP with various tags. Therefore, VFP-coexpressing in E. coli has 
potential as the production platform for universal vaccine of various virus coat proteins including HA2. 
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Directed evolution has been used to engineer enzymes for improved properties with respect to substrate speci-
ficity, organic solvent resistance, thermo stability, and optimum working pH. High throughput screening and 
selection (HTSOS) comprises an essential step of directed evolution. However, selecting the enhanced mutants 
using the existing directed evolution method is still not so simple that requires a lot of labor, time, and 
expensive equipment. In this study, we developed a method for selection of mutants with enhanced solubility 
using the inducible plasmid display system we have recently developed. When the His6-mutant protein of 
interest (mPOI)-CfaN and CfaC-Oct-1 are separately expressed, only soluble mutants stable in the cytoplasm 
and could result in His6-mPOI-Oct-1 protein that can bind to the plasmid encoding mPOI through protein trans-
splicing. To the contrary, insoluble mutant were unstable in the cytoplasm, and aggregated inside the cell not so 
that mPOI was not displayed to plasmid. A fucosyltransferase, that transfer fucose to lactose to result in a 
fucosyllactose, was used as model proteins to confirm that inducible plasmid display system. We could find 
mutants with improved solubility using the inducible plasmid display system. This result suggests a novel 
directed evolution method for selecting soluble mutants from a mutant library through inducible plasmid display 
system. 
  
Keywords : Directed evolution, HTSOS, Inducible plasmid display, DNA binding protein, protein-trans 
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Carbonic anhydrases are a superfamily of ubiquitous metalloenzymes that catalyse the hydration reaction of 
carbon dioxide to bicarbonate and protons, as well as the opposite reaction. Carbonic anhydrases were proposed 
to be used for biotechnological applications, such as the post-combustion carbon capture processes. However, it 
is needed to get carbonic anhydrases with robust chemical and physical properties. Here, we describe the 
enhancement of thermostability of the α-carbonic anhydrase by using protein-protein interaction-based cycli-
zation and polymerization methods. Cyclization of carbonic anhydrases contain genetically encoded SpyTag (13 
amino acids) on the N-terminus and SpyCatcher (12kDa) on the C-terminus of the enzyme, so that the Spy 
partners spontaneously react together through an irreversible isopeptide bond. On the other hand, polymerization 
of carbonic anhydrases was designed by two subunits containing SpyTag and SpyCatcher ecoded on the both 
terminus of the enzyme, respectively. The designed carbonic anhydrases were active for the CO2 hydration 
reaction and its thermostability increased when the enzymes were heated for a prolonged period at high 
temperatures (e.g. 70 °C). Thus, cyclization and polymerization methods can be considered as a useful method 
for enhancing the thermostability of a protein useful for biotechnological applications, which often need harsh 
operating conditions. 
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 P0113   Direct Electron Transfer Capable Glucose Biosensor via Site-specific Fusion of Gold Binding 
Peptide to Flavin Adenine Dinucleotide (FAD)-Dependent Glucose Dehydrogenase 
  

Hyeryeong LEE, Stacy SIMAI REGINALD, Eun Mi LEE, In Seop CHANG 
School of Earth Sciences and Environmental Engineering, Gwangju Institute of Science and Technology (GIST), 
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Here, direct electron transfer (DET) capable enzyme-electrode system using flavin adenine dinucleotide (FAD)-
dependent glucose dehydrogenase (GDH) fused with gold binding peptide (GBP) at the catalytic subunit is 
described in terms of glucose biosensing application. The electrochemical and mechanical properties of GBP 
fused FAD-GDH immobilized on gold electrode (GDH-GBP/Au) were analyzed. In the electrochemical test 
using cyclic voltammetry, the GDH-GBP/Au displayed significantly high and stable oxidative current from the 
glucose oxidation and the generated current was retained over 90% after successive potential scans. The 
dynamic range of GDH-GBP/Au based biosensor is 3-30 mM of glucose concentration at 30°C and it exhibits 
high selectivity toward glucose in the co-presence of other interfering molecules. Additionally, the biosensor 
was used to measure glucose concentration in the human whole blood samples and the relative errors compared 
with results by conventional measurement method was less than 10%. Therefore, we suggest that GDH-GBP/Au 
based biosensor would be practical in various biosensing applications. 
  
Keywords : direct electron transfer, biosensor, gold binding peptide, biosensor, screen printed electrode 
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 P0114   Comparison of the Efficiency of Heavy Metal Adsorption on the Cell Surface-displayed ECs 
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Heavy metals are becoming a problem worldwide because they are not degradable and accumulate in the food 
chain. In this study, we produced an artificially synthesized protein EC (a protein composed of a repeating 
structure of cysteine and glutamic acid) that selectively adsorbs heavy metal with divalent cations. ECs with 10, 
20, and 30 different lengths were expressed and the binding efficiency of each protein was examined. After that, 
each EC fragment was fused to Lpp-OmpA, which is frequently used for the surface display of E. coli, to 
examine the degree of heavy metal adsorption, and to compare the efficiency with internal expreesed portein. 
Finally, we are trying to adjust the distance between Lpp-OmpA and EC protein to maximize the outer 
membrane expression. Until now, 10, 20, 30 EC proteins genes were prepared using Pre-RDL method and 
cloned into the expression vector fused with Lpp-OmpA gene. Currently, the expressibility and the heavy metal 
binding ability of the target proteins are being investigated. 
 
Keywords : Heavy metal adsorption protein, surface display, Lpp-OmpA 
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 P0115   Biosynthesis of Antibacterial 5,5’-dinitroindigo and 7,7’-dichloroindigo by Oxyfunctionalization 
of Indole by Cytochrome P450 Monooxygenase (CYP102G4) 
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In this study, biosynthesis of 5,5’-dinitroindigo and 7,7’-dichloroindigoid with novel spectral features and 
antibacterial activities was investigated. For synthesis of 5,5’-dinitroindigo 5-nitroindole was used as a substrate 
for CYP102G4-dependet oxidation at C3-position. The 3-hydroxy-5-nitroindigo intermediate was further 
rearranged and dimerized into 5,5’-dinitroindigo. Similarly, 7,7’-dichloroindigoids was prepared by CYP102G4- 
dependt oxidation of 7-chloroindole or by consecutive CYP102G4 and Prna halogeanse enzymatic conversion 
of indole into 7-chloroindole. The synthesized 5,5’-dinitroindigo and 7,7’-dichloroindigoid were further 
examined for its dyeing performances on fabrics, its antibacterial and antioxidant activities. Interestingly, 5,5’-
dinitroindigo and 7,7’-dichloroindigoid showed 20% and 35% of growth inhibitory activities against Staphy-
lococcus aureus, respectively. 
  
Keywords : Indigo derivatives, indole, CYP102G4, PrnA, antibacterial indigoid dye 
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Long-chain secondary alcohols are important ingredients and additives in cosmetics, oleochemicals, and 
antimicrobial agents [1]. We have investigated enzyme cascade reactions, which allow conversion of renewable 
fatty acids (e.g., oleic acid and linoleic acid) into long-chain secondary alcohols via hydroxy fatty acids. For 
instance, we constructed an H1004A variant of 5,8-diol synthase from Aspergillus nidulans [2,3] that catalyzes 
the formation of 8-hydroxy fatty acid from oleic acid. The recombinant Escherichia coli cells, expressing the 
H1004A variant with PelB signal sequence and a photoactivated decarboxylase from Chlorella variabilis 
NC64A (CvFAP) [1,4], were able to transform oleic acid into heptadec-8-ene-7-ol with a rather high conversion 
in one-pot process. Another example was to synthesize heptadec-7,9-diene-6-ol from linoleic acid by 
combination of the lipoxygenase from Pseudomonas aeruginosa (PaLOX) and CvFAP. The hydroxy fatty acid 
(i.e., 13S-hydroxyoctadecadienoic acid), which was produced from linoleic acid by PaLOX and a reducing 
agent, could be further transformed into heptadec-7,9-diene-6-ol with a rather high conversion. 
  
Keywords : Photobiosynthesis, diol synthase, lipoxygenase, photodecarboxylase, long-chain secondary 
alcohols 
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 P0117   Cloning and Functional Characterization of Odorant Receptors 
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The highly specialized olfactory receptor neurons (ORNs) on the antennae of male moths can recognize blends 
of several pheromone components. In present study, a total of six candidate pheromone compounds are found 
and functionally characterized in the electophyological study. In here, we report on novel candidate pheromone 
compounds in the same species. The olfactory receptor is analysed revealed that finding compounds are 
specifically affect in on olfactory receptor. In silico study revealed that odorant-gated ion channels comprised of 
a highly conserved co-receptor and our chemicals are binding at extra cellular site. Functional analyses on the 
odorant-gated ion channels comprised of a highly conserved co-receptor were then performed using the 
heterologous expression system of Xenopus oocytes. pheromone components did not respond to any tested 
pheromone components and analogs. These results may contribute to clarifying how pheromone detection works 
in odorant-gated ion channels comprised of a highly conserved co-receptor. 
  
Keywords : pheromone receptor, pheromone, olfactory receptor 
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E1 component of the 2-oxoglutarate dehydrogenase complex, SucA, catalyzes a decarboxylation of 2-
oxoglutarate in the tricarboxylic acid cycle. Escherichia coli SucA has been reported to also function as a lyase 
that introduces, using ThDP as a cofactor, a covalent bond between the two carbon atoms of two acetaldehyde 
or pyruvate molecules. Incubation of pyruvate with E. coli SucA yield almost racemic acetoin [(R)-isomer, 8%], 
but the ee (enantiomeric excess) increased up to 90% when acetaldehyde is used as a substrate1. Here we 
show that Vibrio vulnificus SucA has shown better carboligase activity with the higher enantioselectivity than E. 
coli SucA. In order to explain the catalytic activity of SucA, the tertiary structure of V. vulnificus SucAΔ84 
(VvSucA) was determined with or without glycolaldehyde-1-13C, acetaldehyde mimicker, at 2.3 and 2.72 Å 
resolution, respectively. Overall VvSucA structure is very similar to the reported SucA structures with a highly 
conserved ThDP-binding site. Several introduced mutations of the residues at the active site and the entrance 
part of the active site changed their respective activity and stereoselectivity for acetoin synthesis. Based on the 
obtained results, the enzymatic mechanism of VvSucA for acetoin production from acetaldehyde is 
suggested. We found three single-point derivatives that have better productivity than and same enantioselec-
tivity as a mutant with replacement at multi-sites. 
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 P0119   Screening of β-glycosidase-producing Lactic Acid Bacteria from Marine Environments 
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As a means to elucidate the function and structure of sugar chains of complex saccharides, glycosidase produced 
by various microorganisms plays an important role. As glycosidase can recognize the inner structure of sugar 
chains like restriction enzymes on genes and release only sugar chains, it is expected that there will be a large 
application field that can create added value in biotechnology-related companies. In this study, 59 strains of 
lactic acid bacteria were isolated from the marine environment of the Uljin coastal area. Fifty-nine strains of 
lactic acid bacteria were plated on MRS agar plate medium supplemented with 0.1% esculin to screen for β-
glucosidase activity. We found that 26 isolate strains (44.1%) showed β-glucosidase activity on the esculin-
MRS agar as colonies surrounded by a reddish-brown to dark brown zone. The main β‐glucosidase‐producing 
micro‐organisms in marine enviroments were Lactobacillus and Leuconostoc. This work was supported by 
Gyeongsangbuk-do R&D Program. 
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Cyclotides, disulfide-rich cyclic peptides, occur in a wide variety of plants and indicate various biological 
activities including antimicrobial, antiviral, protease inhibitory, and uterotonic. Cyclotides are composed of 28-
37 amino acids with a head-to-tail cyclized backbone and incorporate three disulfide bonds arranged in a unique 
cyclic cysteine knot (CCK) motif, which constitutes more compact structure and confers exceptional rigidity 
high resistance to chemical, thermal, and enzymatic stability against degradation. For this reason, cyclotides can 
be used for ideal scaffolds as biotechnological applications, including drug discovery. But several cyclotides 
were not yet published structural information, making it difficult for being used as molecular frameworks in the 
design of novel peptide-based therapeutics. Here we present synthesis, cyclization, and oxidative folding of 
cyclotides for NMR structure determination. The linear peptides of cyclotides were synthesized by standard 
solid-phase synthesis and confirmed by LC-MS. All linear peptides were tested for backbone cyclization with 
several conditions and cyclotides were correctly cyclized with similar efficiency. Oxidative folding of cyclized 
peptides were carried out under redox buffer solution and monitored by LC-MS. We finally obtained folded 
cyclotides with N-C cyclized and SS bond formed structure. The study will provide the chemical synthesis 
methodology to produce a large amount of cyclotides as well as structural information for biotechnological 
applications. 
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Lignin is an abundant source of bio-aromatic compounds, one representative example being vanillic acid from 
the coniferyl unit of lignin. On the other hand, vanillin, while being a popular flavoring agent in food, fragrance 
and pharmaceutical industries, can be expensive if were to be obtained from natural sources such as vanilla 
beans. The bottleneck lies where the vanillic acid is reduced to vanillin, because of the high activation energy. 
Carboxylic acid reductase (CAR) can catalyze the reduction with the aid of NADPH and ATP cofactors. In this 
study, fourteen CARs were examined for the reduction and a CAR from Mycobacterium abscessus B1MLD 
gene could produce vanillin with 8.6-fold higher in vitro activity than the most active CAR known so far. 
Vanillyl alcohol formation was minimized to increase the yield by controlling substrate concentration. 2.86 g L-1 
of vanillin was produced by in vivo bioconversion, which may be further improved by enzyme and reaction 
engineering. In silico docking of the substrate to the CARs with a range of activities provided structural 
information explaining the high activity of the lately found CAR, to be applied to the enzyme engineering 
purposes. 
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 P0122   Production of Leuco-indigo by Using Glucose, Glucose Oxidase and Laccase 
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In this study, the reduction of indigo to leuco-indigo by glucose was carried out by using enzymes such as 
glucose oxidase (GOD) and laccase (LAC). Indigo received electrons from the glucose oxidation reaction or the 
glucose degradation via intermediates resulting in production of leuco-indigo. For indigo reduction involving 
GOD or LAC, the redox centers of GOD and LAC act as electron carriers from reduced glucose or transfer 
electrons directly to indigo molecules. Production of leuco-indigo with glucose and enzymes was investigated 
with respects to some parameters, e.g. temperature, enzyme amounts and indigo concentration. That was about 
2-5 times higher than without enzymes. Enzymatically produced leuco-indigo was applied to the dyeing of 
ramie fabric. 
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Metallothionein (MT) well-known as an antioxidant protein, is a small molecular weight protein consisted of 61 
amino acids including 20 cysteine residues. MT is over-expressed in various organs under many stress 
conditions such as heavy metals, starvation, heat or inflammation. MT has been reported to be able to protect the 
cell against oxidative stress by diabetes and diabetes complications. In a previous study, a zinc/DNA nano-
cluster was developed for the delivery of nucleic acids. This nano-self-assembly enhanced intracellular uptake 
of DNA and siRNA and also improved the expression of DNA in the cells. This system was also directly 
applied as a targeted gene delivery with C-RGD-C peptide. In this study, we developed a protein/DNA complex 
using metallothionein fusion protein and zinc/DNA complex. The zinc ions present in the zinc/DNA complex 
interact with the sulfhydryl group of cysteine present in the metallothionein fusion protein. We determined 
transfection efficiency, intracellular uptake of protein/DNA complex and also evaluated the protective effect of 
metallothionein protein and DNA against oxidative stress. This protein/DNA complex may be useful therapeutic 
systems for the treatment of diabetes and diabetic complications. 
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Chemical pesticides have contributed greatly to improving the quality and quantity of agricultural productivity, 
but residual pesticides cause various environmental issues such as soil and water pollution and the contami-
nation of agricultural products. Therefore, most pesticides are managed through safety evaluation and domestic 
pesticide use guidelines. Nevertheless, excessive use of pesticides with long half-life can increase pesticide 
residues in the after-crop and soil. Recently, various microorganisms with high pesticide decomposing activity 
have been attracting great attention as a method for remediation of soil. Decomposition of pesticides by 
microorganisms proceeds slowly over several processes. It is difficult to completely decompose pesticides with 
a single microorganism because various toxic intermediates are produced in this process. Therefore, it is 
essential to establish a microbial consortium that can decompose parent pesticides and the intermediate pro-
ducts. In this study, pesticide degrading microorganisms including bacteria and fungi were selected from various 
sources by enrichment culture, and their performance was evaluated through High-throughput screening (HTS) 
assay and batch cultures. 
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In our previous study, Aronia juice processing residue (AJPR) was selected as a potential feedstock for bio-
refinery since it contains various antioxidants and polysaccharides such as glucan, xylan, galactan and arabinan. 
In addition, the optimum condition for antioxidants extraction was successfully determined by statistical 
methods. In this study, the antioxidants extracted AJPR was pretreated using alkali reagents to improve the 
enzymatic digestibility. As a result, the total sugars conversion was 1.6-fold improved by determined condition 
compared with control group. The enzymatical hydrolysates from AJPR was prepared as 10 g/L total sugars (by 
DNS) for microbial fermentation. Saccharomyces cerevisiae used for bioethanol production and the 
fermentation was performed at 30°C and 150 rpm for 12 h. Finally, the maximum yield for bioethanol produc-
tion was achieved about 60%. 
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Production of biochemicals at high titer is often limited by the toxicity of the chemical products. Klebsiella 
pneumoniae has been widely used as host for production of important chemicals such as 3-hydroxypropionate 
(3-HP) and 1,3-propanediol. Previously, we showed that deletion of yieP improved the 3-HP tolerance in 
Escherichia coli strains (Nguyen-Vo et al., 2019). An homologous yieP has been identified in Klebsiella 
pneumoniae J2B. In this current report, the effect of yieP deletion on the 3-HP tolerance in Klebsiella 
pneumoniae was studied. The deletion of yieP significantly improved the 3-HP tolerance in K. pneumoniae J2B. 
According to RT-PCR results, YieP apparently regulated the expression of 3HPT1, an unknown transporter 
gene. Deletion of 3HPT1 fully abolished 3-HP tolerance in yieP mutant. The results strongly suggested that the 
deletion of yieP improves 3-HP tolerance in K. pneumoniae J2B via overexpression of 3HPT1. The role of 
3HPT1 for 3-HP tolerance is further studied. 
  
Keywords : 3-hydroxypropionic acid, acid tolerance, Klebsiella pneumoniae J2B, transcription regulator 
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 P0204   Development of Adsorption Process for Paclitaxel Based on Ultrasonic Cavitation Bubble and 
Gas Bubble 
  
Da-Yeon KANG, Jin-Hyun KIM 
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Corresponding Author Email : jinhyun@kongju.ac.kr 
 
Abstract 
In this study, a technique for adsorption of paclitaxel using ultrasonic cavitation bubbles and gas bubbles was 
developed. Compared to the control (conventional adsorption), the adsorbed amount and adsorption rate 
constant increased 1.27-1.44 times and 7.44-9.71 times (ultrasonic adsorption with mixing at 80-250 W), 1.14-
1.27 times and 4.63-9.31 times (ultrasonic adsorption without mixing at 80-250 W), and 1.06-1.19 times and 
1.18-1.34 times (gas bubble-adsorption without mixing at 1.15-9.41 L/min), respectively. As a result of 
investigating the adsorption mechanism in which cavitation bubbles were introduced, the microjets and shocks 
waves produced by bubble collapse, rather than the bubble itself, drastically improves mass transport in the 
pores of the adsorbent, thereby completely eliminating the intraparticle diffusion resistance. In the case of gas 
bubbles, the intraparticle diffusion coefficient increased by 1.34-1.75 times compared to the control, but there 
was a limitation in promoting intraparticle diffusion. 
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 P0205   Effect of 10-Deacetylpaclitaxel on Adsorption of Paclitaxel from Taxus chinensis onto Sylopute 
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Abstract 
The effect of 10-deacetylpaclitaxel on the adsorption of paclitaxel from Taxus chinensis by the commercial 
adsorbent Sylopute were investigated using different parameters such as initial 10-deacetylpaclitaxel con-
centration, adsorption temperature, and contact time. It was found that the adsorption capacity increased with 
increasing temperatures and the adsorption of paclitaxel onto Sylopute was favorable. The kinetic data fit the 
pseudo-second-order model well, and intraparticle diffusion played a dominant role in paclitaxel adsorption 
according to the intraparticle diffusion model. Thermodynamic parameters such as DH0, DS0, and DG0 were 
also calculated. The results indicate that the process of paclitaxel adsorption onto Sylopute is endothermic and 
nonspontaneous. 
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Abstract 
In this study, a drying method was developed for effective removal of residual solvents from chloroform or 
toluene- or methyl tertiary butyl ether-induced amorphous paclitaxel. By simple rotary evaporation with alcohol 
pretreatment, there was sufficient removal of the residual chloroform, toluene, methyl tertiary butyl ether, 
methanol, and ethanol concentrations of paclitaxel to bring them below the ICH-specified values (60, 890, 5000, 
3000, and 5000 ppm). In addition, SEM analysis and ultrasonic treatment revealed that residual solvent removal 
was associated with the formation of pores on the surface of the sample because of the high vapor pressure of 
the chloroform-alcohol or toluene-alcohol or methyl tertiary butyl ether-alcohol mixture and hydrogen bonding 
between the solvent and the alcohol. 
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The existing techniques for detection of polyhydroxyalkanoates (PHA) in halophilic bacteria are either 
imprecise or required prior PHA production before screening. The proposed method in this study is to amplify 
the approximately 900~920bp conserved region of the Class I PHA synthase (phaC) gene. We have developed a 
new primer for PCR amplification of the conserved gene sequences. In this study, after three different primers 
were determined, the best PCR reaction condition was confirmed. The developed method was tested with five 
Halomonas strains; four strains have the identified phaC gene in the NCBI nucleotide database and one strain is 
not reported about phaC gene. The PCR conditions were optimized to identify the presence of phaC gene and 
the universal primer for phaC gene was determined. 
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Abstract 
The adsorption characteristics of the major tar compounds (acenaphthene, 2,5-xylenol, and 2-picoline) derived 
from the plant cell cultures of Taxus chinensis by the commercial adsorbents (Sylopute, activated carbon, active 
clay, and hp-20) were investigated using different parameters such as initial concentration, adsorption tempe-
rature, and contact time. The kinetic data were fitted using the pseudo-first-order, pseudo-second-order and 
intraparticle diffusion models. Thermodynamic parameters, such as standard enthalpy (△H°), standard entropy 
(△S°) and standard Gibbs free energy (△G°) change, activation parameters, such as activation enthalpy (△H*), 
activation entropy (△S*) and activation Gibbs free energy (△G*) change, and activation energy (Ea), were also 
investigated. Ultimately, we tried to select the most suitable adsorbent for the removal of tar compounds from 
plant cell Taxus chinensis. 
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Bovine viral diarrhea virus (BVDV) is a deadly pathogen in cattle, and cases associated with unclear infection 
and various syndromes are increasing rapidly. Infection with this virus reduces the fertility of cattle, resulting in 
significant economic losses. There are many ways to detect BVDV, but research on diagnosing this virus using a 
portable device is insufficient. In this study, we introduced the dot blotting method, which is easy to use and 
portable method. By improving the signal of gold nanoparticles (AuNPs) through copper nano-polyhedral shell 
(CuP) overgrowth, we tried to increase sensitivity and specificity while being able to observe BVDV-induced 
infection with the naked eye. As a result, it showed a low detection limit of 4.4 copies/mL. Therefore, we have 
developed a sensitive and highly specific biosensor capable of diagnosing BVDV infection in the field, which is 
expected to be used as a point-of-care platform. 
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In this study we optimized various culture conditions and pretreatment methods to enhance the bio productivity 
and biosynthesis of astaxanthin in Haematococcus pluvialis biomass. astaxanthin biosynthesis. H. pluvialis 
showed comparatively rapid and higher growth rate in our developed culture media, mix media which induced 
enhanced and rapid growth of H. pluvialis. H. pluvialis showed highest growth at pH 8.3 of the culture media 
and astaxanthin biosynthesis was heist at pH 7.5.  Similarly, H. pluvialis growth rate was recorded highest at 
22°C and astaxanthin biosynthesis was higher at 26°C. H. pluvialis grew and multiplied rapidly in green LED 
light compared to red and blue LED and fluorescent light while astaxanthin biosynthesis was comparatively 
higher in blue LED light. Also, light intensity strongly influences H. pluvialis growth and astaxanthin synthesis. 
Hence, we observed that H. pluvialis show highest growth at light intensity of 100 μE/m2/s while highest 
astaxanthin biosynthesis at 180 μE/m2/s. Similarly, 2% CO2 was found optimum for H. pluvialis green Phase 
while 5% CO2 was optimum for enhanced astaxanthin production. Exposing H. pluvialis to UV radiation after 
green phase inducing astaxanthin biosynthesis sooner compared to normal culture. We also enhanced astaxan-
thin final yield (30μg/ ml and 200mg/g biomass) by optimization of pretreatment process consisting of a 
combination of microwaves, ionic liquids and solvent extraction. 
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Oxalic acid is a useful material used in various fields such as medicine, pulp, and food. Oxalic acid is being 
produced by chemical synthesis; however, it has problems such as environmental pollution and hazardous 
manufacturing process. Therefore, it is necessary to manufacture oxalic acid using an eco-friendly and cost-
effective microbial fermentation system. Aspergillus niger, a filamentous fungus has a metabolism that produces 
organic acids including oxalic acid and citric acid. To utilize methanol, a byproduct of C1 gas, methane refinery, 
the methanol-resistant A. niger strain was used for the production of oxalic acid. In our previous study, we found 
that the methanol-resistance/conversion strain cultivated in a semi-solid medium containing 5-15% methanol 
and corncob powder improved the productivity of oxalic acid up to 123 g/kg. In this study, we confirmed that 
more than 2 g/L/ day oxalic acid was produced from methanol and xylose as two carbon sources under the 
optimized culture condition. These results demonstrate that the biological process using the modified A. niger 
strain has the potential for the eco-friendly production of oxalic acid. 
 
Keywords : Oxalic acid, Aspergillus niger, methanol, eco-friendly, bioconversion, microbial fermentation 
References  
1. Hoang Thi Ngoc Mai, Kyung Mi Lee, Shin Sik Choi, Enhanced oxalic acid production from corncob by a 

methanol-resistant strain of Aspergillus niger using semi solid-sate fermentation, Process Biochemistry, 
Volume 51, Issue 1, 9-15, (2016). 

2. Upton DJ, McQueen-Mason SJ, Wood AJ. An accurate description of Aspergillus niger organic acid batch 
fermentation through dynamic metabolic modelling, Biotechnol Biofuels 10:258, (2016). 

3. Andersen MR, Lehmann L, Nielsen J: Systemic analysis of the response of Aspergillus niger to ambient pH. 
Genome Biol, 10:R47, (2009). 

  

259



Exploring the Upcoming Challenges in Biotechnology2020 한국생물공학회 추계학술발표대회 및 국제심포지엄: Hybrid-컨퍼런스

2020 KSBB Fall Meeting and International Symposium: Hybrid Conference

 P0212   Development of Continuous Ethanol Production System Using Carbon Monoxide-utilizing 
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Over the past decades, Interest in biological utilization of gaseous substrate has increased. It was many reported 
that some microbial processes convert carbon monoxide gas or syngas into alcohols and carbonic acids. The 
processes have characteristics of high selectivity and low by-products, and also can be operated in ambient 
temperature and pressure. Therefore, because of these economic advantages, syngas fermentation process is 
drawing attention. In this study, ethanol and acetate was produced using Clostridium autoethanogenum, a 
strictly anaerobic bacterium, in two-stage reactor system using continuous stirred tank reactor (CSTR). In the 
system, two reactors were connected but play different roles: (1) a growth stage reactor operated with cell-
recycling at pH 6.0, allowing high density bacterial culture and continuous cell transfer to the other reactor; (2) a 
production stage reactor operated with cell-recycling at pH 5.5 for continuous production of ethanol. Two 
reactors were operated at different dilution rate for stable microbial growth and ethanol production. In 
conclusion, we successfully carried out the fermentation process by C. autoethanogenum converting gaseous 
substrate to acetate and ethanol. Cell density in growth stage reactor was maintained between 2.35~2.83 gDCW 
after 17 day, allowing stable cell transfer to production stage reactor. Production stage reactor receives living 
cell from growth stage reactor, and cell density was maintained between 3.90~5.36 gDCW. The concentration of 
ethanol remained between 9.108~15.196 g/L at production stage, and maximum volumetric production rate of 
ethanol was 3.13 g/L/day.  
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Abstract 
In this study, we developed an improved acetone/pentane precipitation method by ultrasound treatment for the 
purification of poorly water-soluble anticancer agent paclitaxel. Ultrasound was applied to liquid antisolvent 
precipitation using pentane as antisolvent at different temperatures. The effects of ultrasound power (80, 180, 
and 250 W) and temperature (5, 15, and 25°C) for precipitation were investigated. Higher precipitation rate and 
shorter precipitation time were found with ultrasound treated solutions than those without ultrasound. The yield 
of the powder products varied with the power input level and the processing time of the ultrasonic treatment. 
The present results show that a high yield of high-purity paclitaxel is possible with ultrasound at room 
temperature after adding all the pentane, which is significantly more economical than the existing precipitation 
method of storing at a low temperature for a long time after adding all the pentane during precipitation. 
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Abstract 
In this study, a drying method that can effectively remove residual moisture from plant cell Taxus chinensis was 
developed. The simple rotary evaporation with ethanol pretreatment was very efficient to remove residual 
moisture. In addition, we investigated the kinetics and thermodynamics of rotary evaporation and dehydration of 
plant cell Taxus chinensis. At all the temperatures (45, 50, and 60 °C), a large amount of the moisture was 
initially removed during the drying, and the drying efficiency increased when increasing the drying temperature. 
The experimental data were fitted to the Newton, Henderson and Pabis, Page, Modified Page and Geometric 
models. Comparison of results revealed that the Modified Page model could account for the adsorption isotherm 
data with the highest accuracy among the five drying models considered. The effective diffusion coefficient and 
mass transfer coefficient increased with increasing drying temperature. Thermodynamic parameters revealed the 
endothermic and spontaneous nature of drying. 
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Abstract 
In this study, an ultrasound-assisted micellar extraction method that can effectively purify paclitaxel from plant 
cell Taxus chinensis was developed. This method is based on the transfer of paclitaxel within the crude extract 
to an aqueous surfactant solution as a micelle, allowing the use of organic solvents to be used for the removal of 
lipids and non-polar impurities. In addition, we optimized the important process parameters (ultrasound power, 
surfactant, temperature, and time) of micellar extraction to obtain a high purity and yield of paclitaxel in a pre-
purification step. The crude extracts from the liquid-liquid extracts were efficiently pre-purified by micellar 
extraction, increasing in purity from 6% to 21%, with a yield of 96%. Overall, the use of micellar extraction in 
the pre-purification process allowed for rapid and efficient separation of paclitaxel from interfering compounds, 
and dramatically increased the yield and purity of the crude paclitaxel for subsequent purification steps 
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The fatalness of bovine viral diarrhea virus (BVDV), which is important pathogen-related cattle, has increased 
that has been associated with various syndromes. Here, we used the phage-display method to screen out the 
bioreceptors that can specifically bind structural proteins (E1) and nonstructural proteins (NS3) of the virus, 
respectively. The phage display kit (7- and 12-mer Phage-displayed Peptide Library kit) was used to improve 
their specificity by cross-checking the discovered sequences. Through the different sites of proteins, the five 
candidates have developed, and their performance was evaluated by electrochemical impedance spectroscopy 
(EIS). To be specific, derivation of E1 protein and NS3 protein created several candidates (E1 #1, #2, #3, #10 
and #15) and (NS #7, #14, #2, #19, #1, #8 and #16). By using the EIS method, the peptides were selected with 
excellent selectivity and sensitivity among the five candidates of BVDV-specific peptides (E1 #2, #3, #10, NS 
#16, #2). Thus, the developed synthetic peptides as biosensor represents a safe, simple, and even better means of 
diagnosing viral adaptive variability for a point-of-care platform for BVDV. 
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Kenaf (Hibiscus cannabinus) is a textile crop similar to cotton and flax, but kenaf fibers have rough and 
inflexible properties only suitable for rope, fishing nets and paper products. There are several other properties 
that make kenaf an attractive alternative biomass for the production of biofuels and chemicals. For example, 
kenaf can grow up to 4–5 m tall and it has large annual productivity per unit area. Moreover, kenaf can grow in 
variety of climate conditions and its CO2 absorption activity is excellent due to the fast growth rate. In this 
study we systematically investigated the quality of kenaf biomass hydrolysates based on the fermentation 
capacity and ethanol yields from 10 different cultivars of kenaf. First, the dried kenaf samples were hydrolyzed 
with 1% sulfuric acid, it is most cost-effective pretreatment method. Then, the enzymatic hydrolysis and 
fermentation process are performed simultaneously using engineered yeast which is developed to utilized xylose 
as carbon source in previous. Through this study, with a comparison to other types of lignocellulosic biomass, 
we present kenaf has potential as novel lignocellulosic biomass for source of bio-based energy and chemicals. 
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The human epidermal growth factor (hEGF) is a single-chain protein that promotes cell proliferation. hEGF is 
effective in repairing corneal epithelial cells and treating the eardrum. hEGF is generally produced 
intracellularly through Escherichia coli. In this study, Pichia pastoris was engineered using a pPinkα-HC vector 
designed to be extracellular secretion, and hEGF was produced using engineered P. pastoris. Response surface 
methodology (RSM) as statistical analysis was performed to investigate various parameters for hEGF 
production. The experimental design was used as a central composition design (CCD). Analysis of variance 
(ANOVA) was carried out model the effect of the independent variables (cell density and methanol adding 
interval, etc.) on the response variable hEGF production from the experimental results and to determine the 
significance. 
  
Keywords : Human epidermal growth factor (hEGF), Pichia pastoris, Response surface methodology (RSM) 
References  
1. W.C. Liu, S. Inwood, T. Gong, A. Sharma, L.Y. Yu and P. Zhu, Crit. Rev. Biotechnol. 39, 258-271 (2019). 
  

266



Exploring the Upcoming Challenges in Biotechnology2020 한국생물공학회 추계학술발표대회 및 국제심포지엄: Hybrid-컨퍼런스

2020 KSBB Fall Meeting and International Symposium: Hybrid Conference

 P0219   Development of Ultrasound-assisted Fractional Precipitation Process for the Purification of (+)-
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Abstract 
In this study, we developed an improved fractional precipitation method by ultrasound treatment for the 
purification of (+)-dihydromyricetin. Ultrasound was applied to liquid antisolvent precipitation using distilled 
water as antisolvent at different temperatures. The effect of ultrasound power (80, 180, and 250 W) for 
precipitation was investigated. Higher precipitation rate and shorter precipitation time were found with 
ultrasound treated solutions than those without ultrasound. The yield of the powder products varied with the 
power input level and the processing time of the ultrasonic treatment. The present results show that a high yield 
of high-purity (+)-dihydromyricetin is possible with ultrasound at room temperature after adding all the distilled 
water, which is significantly more economical than the existing precipitation method of storing at a low 
temperature (0-4°C) for a long time (~ 3 days) after adding all the distilled water during fractional precipitation. 
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Phycobiliproteins (PBPs) are one of the most feasible pigments for human health, cosmetics and diagnostic 
markers which are produced by cyanobacteria or red algae. A cyanobacterium, Synechocystis sp. PCC 6803, 
also produces PBPs. In Synechocystis, glycogen and cyanophycin are main intracellular storage metabolites. We 
investigate effects of cyanophycin in Synechocystis sp. PCC 6803 to growth and accumulation of PBPs under 
different light intensity by knockouting cphA gene related of cyanophycin synthetase. The cells was cultured in 
test tubes working volume 80 ml under 30, 60 and 90 μE/m2/s of white bulbs at 30℃ and 0.1 vvm of moisture 
air was continuously supplied. BG-11 with glucose and HEPES buffer were used as culture media. The 
maximum biomass of mutant increased with increasing light intensity, the highest at 90 μE/m2/s, which is 5.69% 
higher than wild type until day 11. However, PBPs contents of mutant increase with lower light intensity and 
they are 32.6% lower than wild type. It suggests that cyanophycin might relate to produce PBPs in 
Synechocystis sp. PCC 6803. This study could be used for further microalgal engineering to produce PBPs from 
Synechocystis sp. PCC 6803. 
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Abstract 
In this study, a drying method using ethanol pretreatment was developed that can effectively remove residual 
acetone from crystalline vancomycin. Microwave-assisted drying with ethanol pretreatment was sufficient to 
remove residual acetone and ethanol concentrations below the ICH limits (5,000 ppm for acetone and 5,000 
ppm for ethanol). At all the microwave power (100, 200, 300 W), a large amount of the residual acetone was 
initially removed during the drying, and the drying efficiency increased when increasing the microwave power. 
In addition, the drying kinetics and thermodynamics were examined. The experimental data were fitted to the 
Newton, Page, Modified Page, Henderson and Pabis, and Geometric models. Comparison of results revealed 
that the Page model was the most appropriate. The activation energy Ea of microwave-assisted drying was 
found to be 10.8792 kJ/mol. The Standard Gibbs free energy change was determined to be negative, while the 
standard enthalpy change and entropy change were positive. These results revealed the endothermic, irreversible 
and spontaneous nature of drying. 
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Outer membrane vesicles (OMVs) are bacterial extracellular vesicles released from Gram negative bacteria. The 
vesicle surface is composed of various outer membrane (OM) components and a phospholipid bilayer from OM 
and periplasmic contents. The function of OMVs is cell-cell communication, biofilm formation, and secretion of 
virulence components. Also, OMVs act as decoys to protect against antimicrobial compounds and toxins. This 
multifunctional OMVs are potential application platform as recombinant protein presentation. For effective 
surface display at OMVs, an antigen 43 (Ag43) system of bacterial secretion pathway can be chosen for OM 
exposure of protein. We confirmed OMVs properties of surface display based on the structural difference of the 
Ag43. To confirm our study, we mainly used β-barrel domain deleted different sites at C-terminus and these 
were confirmed to eGFP expression intensity of OMVs. And OMVs were treated with trypsin at exposed 
proteins. As a result, the eGFP was exposed on the OMVs surface with various Ag43-based structure. This 
OMVs platform produced by bacteria expressing various Ag43 system were able to use as application of 
functional products. 
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Escherichia coli is widely considered the workhorse of recombinant protein production due to its cheap culture 
media and the simplicity and straightforward procedures to obtain large amount of pure proteins for various 
purposes, from biopharmaceutical production to protein structure analysis. However, heterologous expression in 
E. coli still has some salient issues that need to be dealt with, most notably the problem of low expression level 
of some eukaryotic genes. This is where gene optimization comes into play. Although there are progresses in 
gene optimization for heterologous expression in E. coli, it is essentially still a trial-and-error process. In this 
study we reported a reliable procedure for codon optimization in E. coli that ensures reasonable protein 
expression levels across different expression systems. We expressed the native gene and three E. coli codon 
optimized genes, all encoding for the Dengue virus serotype 1 envelope domain III in some popular E. coli 
expression systems. We found that by imposing certain synonymous codons encoding for 3 amino acids, namely 
leucine, serine and threonine on target gene sequences, expression levels are consistently improved compared 
with that of the wild type gene. The codons correspond to tRNAs that are highly charged during high translation 
rate period, which is typical during E. coli induction. This goes against conventional wisdom where genes are 
optimized to contain codons found in highly expressed native genes of E. coli. Finally, we examine whether 
synthetic genes can influence the target protein solubility using this approach. We found that this particular gene 
design method does not change the protein solubility. Our result corroborates with a previous study, thus, 
provide additional evidence for a reproducible approach to improve heterologous protein expression in E. coli. 
We also indicate a program that allows users to automatically optimize their genes according to the criteria of 
this optimization method. 
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Tetraselmis suecica is known to be rich in carotenoids such as lutein, violaxanthin, and beta-carotene. Free 
radical scavenging properties of lutein significantly prevent ager-related macular degeneration and other 
diseases by suppressing oxidative stresses. In this study, in order to improve the lutein extraction, major 
extraction factors such as temperature, reaction time and solid-liquid ratio were optimized by response surface 
methodology (RSM). The determined extraction conditions were as follows: 42.4°C temperature, 4 h reaction 
time and 125 g/L solid-liquid ratio. As a result, under the optimal condition, the highest lutein of 2.26 mg/mL 
was extracted, and the IC50 value of ABTS assay was 3.36 mg/mL. The estimated model equations were showed 
to be suitable for optimizing the lutein extraction. These results can not only improve extraction efficiency of 
lutein but also provide beneficial data for industrial applications. 
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 P0225   Acetate Production Strategy by Securing Highly Concentrated Viable Cells in Syngas 
Fermentation by Eubacterium callanderi KIST612 
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Researches are being conducted to reduce various environmental problems such as climate warming by 
developing new energy sources. In order to increase the utilization of energy, technologies are being developed 
to recycle energy that has been previously used. Especially, in the case of gas fermentation, utilization of waste 
plant gas from various industries is more useful. Synthesis gas (syngas) is a fuel gas mixture that include 
hydrogen, carbon monoxide and carbon dioxide. The biofuels and chemical can be produced from Syngas by 
various microorganisms. Eubacterium callanderi KIST612 strain is one of the microorganism that produce 
acetate and butyrate by using CO as sole carbon and energy source through Wood-Lijungdahl pathway. High 
concentrations of biomass with high viability should be obtain for high production. Therefore, several limitation 
issue should be solved. In previous studies, concentration through the cell membrane did not increase the 
productivity by increasing the apparent cell concentration with low cell activity because the growth rate of the 
bacteria was insufficient. Therefore, if cells with high cell activity are secured at a high concentration at the 
beginning of operation and start to produce products, higher production will be obtained. In this study, 
microorganisms identify the components used in the culture medium by ICP-MS and enhance the culture 
medium to optimize medium for high cell viability. In addition, the new operation strategy was used to secure a 
high concentration of activated cells. 
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Flavonoids are secondary metabolites found in various plants. They have many beneficial bioactivity (antioxi-
dant, anticancer and antiviral effect, etc.). The demand of flavonoids has been increased as an ingredient in 
pharmaceuticals, health supplement, and cosmetics. As interest in health and beauty industries increases, the 
size of the flavonoid market is expected to reach 1.2 billion USD by 2024. Currently, the production of 
flavonoids relies on plant extraction and chemical synthesis, which is inefficient and requires more resources. 
To overcome this problem, the flavonoid biosynthesis could be considered. Although various studies related to 
the flavonoid biosynthesis have been conducted, but most of them remain on the laboratory scale. The purpose 
of this study is to design naringenin biosynthesis process and to evaluate the economic evaluation of the 
designed process. 
  
Keywords : Flavonoid, Biosynthesis, Process design 
References  
1. J. Wu, G. Du, J. Zhou and J. Chen, J. Biotechnol., 188, 72-80 (2014). 
  

274



Exploring the Upcoming Challenges in Biotechnology2020 한국생물공학회 추계학술발표대회 및 국제심포지엄: Hybrid-컨퍼런스

2020 KSBB Fall Meeting and International Symposium: Hybrid Conference

 P0227   Effect of Vitamin Addition on Clostridium autoethanogenum Culture 
 
Hongrae IM1, Taegwang AN1, Minju KIM1, Soeun PARK2, Young-Kee KIM1 
1Faculty of food biotechnology and chemical engineering, Hankyong national university, Anseong, Korea, 
2Research center of chemical technology, Hankyong national university, Anseong, Korea 
Corresponding Author Email : kim@hknu.ac.kr 
 
Biomass is one of the most promising alternative sources of bioenergy for the production of bioethanol due to 
future fuel insecurity. It is versatile renewable energy resource that is reliance on fosil fuels and mitigates global 
warming. There are two main conversion routes for bioethanol production including gasfication and fermenta-
tion. Clostridium autoethanogenum (ethanogenic bacteria) is a promising microorganism for bioconverstion of 
synthesis gas composed to CO, CO2, and H2 to ethanol and acetic acid. 
  
In this study, we used Clostridium autoethanogenum as a biocatalyst for conversion from synthesis gas to 
bioethanol and acetic acid. We investigated to the effect of vitamin components (such as D-Ca-pantothenate, 
cobalamin, thiamin-HCl, biotin) on microbial growth and product formation. Ethnaol productivity, acetic acid 
productivity, and ethanol to acetic acid ratio were compared according to individual operating factor. 
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As environmental pollution caused by plastics has emerged as a serious social problem, bioplastics such as poly 
lactic acid (PLA) have attracted attention as one of the alternatives due to their biodegradability. In general, 
lactic acid, monomer of PLA, is produced from microbial fermentation and economical production strategies 
such as the use of cheap biomass and improved yield are required to industrial applications. In this study, spent 
coffee ground (SCG) was selected as a feedstock for lactic acid fermentation, and SCG hydrolysates were 
prepared under the pretreatment and saccharification conditions determined in our previous study. Lactic acid 
fermentation was performed on various Lactobacillus strains at 37°C and 150 rpm for 2 days. As a result, L. 
rhamnosus showed the highest lactic acid production of 27.9 g/L among various strains. In the control group 
containing the same concentration of glucose and mannose as the SCG hydrolysates, 19.3 g/L of lactic acid was 
produced. This result suggests the possibility of lactic acid fermentation by SCG. 
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trans-Cinnamic acid (tCA) is an useful chemical for anti-bacterial, flavouring and surgical applications.1 Here, 
we developed a bioconversion process for the production of tCA from phenylalanine, and for this purpose, we 
engineered Corynebacterium glutamicum which is GRAS strain. First, we developed a PAL (phenylalanine 
ammonia lyase) expression system in C. glutamicum, and the reaction conditions including temperature and pH 
were optimized for high production of tCA. For further increase of bioconversion, we developed a recycling 
system equipped with tangential flow filtration module. To the end, tCA was successfully produced as high as 
73% conversion yield and 2 g/hr conversion rate. 
  
Keywords : trans-Cinnamic acid (tCA), Corynebacterium glutamicum, Phenylalanine ammonia lyase, 
Tangential flow filtration 
References  
1.  Nijkamp, Karin, et al., Applied microbiology and biotechnology 69.2 (2005) 
  

277



Exploring the Upcoming Challenges in Biotechnology2020 한국생물공학회 추계학술발표대회 및 국제심포지엄: Hybrid-컨퍼런스

2020 KSBB Fall Meeting and International Symposium: Hybrid Conference

 P0230   LC-MS/MS-based Proteomic and Metabolomic Approach to Investigate Interaction between 
Clostridium difficile and Lactobacillus rhamnosus gg 

 
Sung-Hyun JO1, Seong-Min KIM1, Won-Suk SONG2, Jae-Seung LEE1, Hyo-Jin JEON1, Ji-Eun KWON1, Ji-
Hyeon PARK1, Ye-Rim KIM1, Yun-Gon KIM1 
1Department of Chemical Engineering, College of Engineering, Soongsil University, Seoul, Korea, 2School of 
Chemical and Biological Engineering, Seoul National University, Seoul, Korea 
Corresponding Author Email : ygkim@ssu.ac.kr 
 
Recently, probiotics therapies for Clostridium difficile infection (CDI) have been introduced and studied to 
avoid the side effects by antibiotics (i.e., recurrent CDI). However, the inhibition mechanisms of C. difficile by 
Lactobacillus rhamnosus gg (LGG) and related biological pathways have been rarely studied. In this study, we 
introduce LC-MS/MS-based proteomic and metabolomic approach to investigate metabolic changes of C. 
difficile induced by LGG. To this end, we co-cultured C. difficile with LGG in an in vitro model as known as the 
transwell platform. By LGG, energy generation pathways related to C. difficile growth such as Stickland 
reactions and butyrate metabolism were significantly downregulated, resulting in a decrease in growth rate and 
toxin production. In addition, metabolic changes in purine biosynthesis were observed. Finally, we briefly 
discussed proteins involved in major iron uptake and electron transfer as well as the chaperone proteins in 
bacteria that showed changes by LGG. Our in vitro co-culture model and multi-omics approach will not only 
provide a better understanding of pathogen-probiotics interaction but will also be contributed to the functional 
study such as probiotics screening or probiotics engineering for therapy of disease caused by pathogenic 
bacteria. 
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Recently, as the concerns over environmental issues have increased, the market demand for the environmental 
friendly bio-based chemicals is increasing rapidly. Glutaric acid, a metabolic intermediate in amino acid 
pathways, is becoming a potential C5 diacid chemical as a monomer for bio-polyamide and a plasticizer to 
substitute petroleum based phthalate plasticizers. Since it is too toxic to produce glutaric acid by chemical 
process, the whole cell conversion process was applied in this study. In order to convert 5-aminovaleric acid (5-
AVA) to glutaric acid, the enzymes, 4-aminobutyrate aminotransferase (gabT from E. coli) and succinate 
semialdehyde dehydrogenase (gabD from E. coli), were used. Because of the high price of α-ketoglutaric acid 
(AKG), the glutamate oxidase (gox) gene for recycle of AKG was applied to reduce the conversion cost. In 
addition, we have confirmed the possibility to replace AKG with monosodium glutamic acid as an alternative 
cofactor in the process of conversion from 5-AVA to glutaric acid. 
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  Rotavirus group C (RVC) has been considered as a cause of acute gastroenteritis (AGE) in humans and 
animals, but no clear cut-off value could be identified to classify genotypes among porcine strains in VP4 gene. 
This incorrect classification system may be caused by large genetic diversity and/or recombination events 
among genotypes. 
  We therefore conducted the comprehensive evolutionary study for VP4 gene with 95 RVC strains from 
human, pig, cow and dog. 
  Phylogenetic analysis indicated that porcine strains were genetically distinct (72-99%) and clustered into 6-9 
genotypes based on previous proposals. Nine putative recombinants were identified using RDP4, Simplot and 
Splitstree4, and four porcine strains exhibited strong signals. Comparison of nine amino acids constituting VP8* 
glycan binding site among RVC strains demonstrated that pig strains showed much variations, suggesting that 
mutant viruses are generated and maintained to escape antibody neutralization. The evolutionary rates of VP4 
gene indicated that pig has evolved more rapidly than that of human such that the 95% HPD values around the 
mean estimates did not overlap. 
  In conclusion, high evolutionary rate and recombination in pig strains acts as a key force driving the genetic 
diversity and evolution of RVC, but additional investigations needed to understand RVC host ranges or 
tropisms, and cross-species transmission. 
  
Keywords : rotavirus group c, recombination, evolutionary rate, VP4, VP8*, population dynamics 
  

280



Exploring the Upcoming Challenges in Biotechnology2020 한국생물공학회 추계학술발표대회 및 국제심포지엄: Hybrid-컨퍼런스

2020 KSBB Fall Meeting and International Symposium: Hybrid Conference

 P0234   Growth Optimization of Rhodococcus sp. 3-2 for Biodegradation of Fungicide Benomyl and 
Carbendazim   
  

Jun-Kyung PARK1, Ho-Dong LIM1, Kong-Min KIM1, Jung-Hwan JI1, Madhavaraj LAVANYA1, In-Cheol 
PARK2, Jae-Hyung AHN2, Gui Hwan HAN1 
1Center for Industrialization of Agricultural and Livestock Microorganisms (CIALM), Jeongeup, Korea, 
2Bioremediation Team, National Institute of Agricultural Sciences, Rural Development Administration, Wanju, 
Korea 
Corresponding Author Email : ghhan@cialm.or.kr 
 
The development and increased utilization of chemical fertilizers for agricultural purposes are recognized all 
over the world. Despite their usefulness, to protect crops and livestock, they have potential risks to food safety, 
ecosystem and all the living things. Likewise, benomyl and carbendazim that are considered, as a carcinogen is 
a major pollutant detectable in food, soil and water. Therefore, in this study, we have optimized the growth 
conditions of microorganism such as, Rhodococcus sp. that have an efficiency of biodegrading benomyl and 
carbendazim fungicide. Initially, optimization of parameters for Rhodococcus sp. growth, for instance, carbon 
source, nitrogen source, mineral source, temperature, pH and agitation speed were determined in small scale. 
Consequently, defined media were developed for enhanced Rhodococcus sp. and evaluated their growth with 
and without benomyl and carbendazim. The results suggested that growth patterns of Rhodococcus sp. varied 
depending on the addition of fungicide concentration and temperature. Furthermore, the storage stability of 
Rhodococcus sp. in, liquid (L1) and three formulations in powder (P1, P2, P3) form was developed and 
optimized for their effect on fungicide at different temperature for 3 months. Based on the results, L1 and P3 
were found to maintain their viable cell count at > 1.0 x 108 CFU/g at low-temperature conditions. Subsequently, 
growth optimization of Rhodococcus sp. in 5L jar-fermenter with the optimized defined medium were carried 
out and OD at 600nm, pH, viable cell count (CFU/ml) was determined. Further, the degradation of benomyl and 
carbendazim by liquid or powder form of Rhodococcus sp. will be studied for controlling the plant pathogenic 
diseases and increasing the crop yield without causing harm to ecosystem and approaching the sustainable 
agricultural system. 
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The fruit fly is a serious pest of agriculture worldwide, displaying a very wide larval host range with more than 
250 different species of fruit and vegetables. Olfaction plays a key role in the invasive potential of this species. 
Unfortunately, the pheromone communication system of the medfly is complex and still not well established. In 
this study, we report the isolation of chemicals emitted by sexually mature individuals during the “calling” 
period and the electrophysiological responses that these compounds elicit on the antennae of male and female 
flies. Fifteen compounds with electrophysiological activity were isolated and identified in male emissions by gas 
chromatography coupled to electro-antennography. The binding affinity of these compounds, plus 4 additional 
compounds known to be behaviorally active from other studies, was measured using electrophysiological 
responses. This odorant receptor has a high homology to Drosophila melanogaster odorant receptors, which are 
associated with chemicals and co-expressed with the well-studied Drosophila pheromone binding protein. The 
results provide evidence of involvement of odorant receptor in the fruit fly’s odorant perception and its wider 
specificity for bacteria products one of the five major compounds male pheromone emission. This represents the 
first step in the clarification of the pheromone reception pathway, and a starting point for further studies aimed 
towards the creation of new powerful attractants or repellents applicable in the actual control strategies 
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 Acute respiratory disease in an important cause significant morbidity and mortality in children under five years 
and associated the second leading cause of death worldwide. The aim of this work was to evaluate the 
epidemiological surveillance of respiratory viruses found in children and adults with acute respiratory infections 
from January 2019 to July 2020 Chungcheongnam-do. 
 A total 866 patient nasopharyngeal swabs (866 patients from 6 hospitals) were analyzed, and 8 respiratory 
viruses including influenza virus (IFV), human rhinovirus (HRV), human coronavirus (HCoV), human adeno-
virus (HAdV), human parainfluenza virus (HPIV), human respiratory syncytial virus (RSV), human 
metapneumovirus (HMPV) and human bocavirus (HBoV) were detected using real time RT-PCR. 
 A total of 866 cases (detection rate; 58.7%) of acute respiratory specimens were detected. The most frequently 
isolated virus was IFV (21.3%, 185/866), followed by HRV (16.1%, 140/866), HMPV (4.3%, 38/866), HRSV 
(3.8%, 33/866), HMPV (3.3%, 29/866), HAdV (2.6%, 23/866), HCoV (2.4, 21/866), HBoV (1.1%, 10/866) and 
multiple infection (3.4%, 30/866). Influenza virus A (H1N1pdm09) was the most commonly isolated IFV, 
followed by influenza virus B and Influenza virus A (H3N2). By age, it was detected at the age of under 5 years, 
and the highest was 37.0%. IFV, a pathogen that is generally understood to exhibit winter season. 
 The study indicated that respiratory viruses are highly prevalent in children under 5 years presenting with acute 
respiratory infections in Chungcheongnam-do, of which IFV is the most prominent followed HRV.  
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The purpose of this study is to determine the swine gut microbiome and the internal malodor characteristics of 
the farm. A total of 4 farms were randomly selected, a large farm with 10,000 heads and three farms with a size 
of 1500 to 2500 heads. In each farm, the feces of pigs (an average of 170 days of age) were collected by anal 
massage and the swine gut microbiome was determined using Illumina Miseq analysis. The air samples were 
also collected at the central point of one-meter height the inside pig barn. A total of 35 compounds including 22 
offensive odorants designated by the Korean Ministry of Environment plus 13 undesignated compounds were 
measured by employing four different analytical systems. The odor activity value was calculated by dividing the 
odorant concentration by the odor detection threshold. The swine gut microbiome at the phylum level was 
composed of 74.48% Firmicutes, 19.27% Bacteriodetes, and 3.78% Spirochaetes while 16.57% Lactobacil-
laceae, 15.97% Ruminococcaceae, and 15.06% Clostridiaceae at family level. The odor substances produced in 
high concentrations in pig farms were ammonia, acetic acid, toluene, hydrogen sulfide, and propionic acid with 
average value of 20,468 ppb, 574 ppb, 335 ppb, 248 ppb, and 166 ppb, respectively. The dilution to threshold 
ratio was evaluated with an average of 30,699. Hydrogen sulfide, butyric acid, valeric acid, and p-cresol were 
the highest in the order of odor activity value, accounting for 74.25% of the 35 odor components. Understanding 
the swine gut microbiome, the presence of malodor compounds, and the relationship between them are 
necessary to reduce the malodor compounds in the livestock industry. 
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Biodiesel is characterized as methyl or ethyl esters of long chain fatty acids, which has attracted a great deal of 
attention recently. To develop the sustainable biodiesel production system, microalgae have emerged as a 
suitable candidate due to their photosynthetic ability. However, the process of converting microalgal biomass to 
biodiesel requires a lot of energy and cost. To overcome the costly pretreatment process, we intended to develop 
cyanobacteria that converts fatty acids to fatty acids methyl ester (FAME) in vivo by insertion fatty acids methyl 
ester transferase (FAMT). Two FAMT genes were selected and their codons were optimized for insertion to 
Synechocystis sp. PCC6803. The plasmid constructs were introduced into Synechocystis via homologous 
recombination. The mRNA expression and protein expression of the FAMT genes were confirmed by RT-PCR 
and Western blot analysis. In addition, heterologous expression of the FAMT genes was able to produce FAME, 
which was analyzed by GC analysis. Results showed that these mutant strains can be optimized further and 
applied for commercialization of biodiesel production. 
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Fish consumption has been steadily increased, and the amount of fish waste produced is also increasing. Fish 
and its waste are a rich protein source of containing a variety of functional substances. And biodegradation 
using bacteria is an effective method for treating fish waste and producing various bioactive substances. In this 
study, the mackerel waste was biodegraded and low molecular weight substances of various sizes were 
produced. The mackerel waste hydrolysate showed plant growth promoting activity and and various purification 
step were performed to extract this active substance. The growth-promoting effect of ectract was estimated by 
measuring growth parameters, such as leaf, root length and weight of plant. 
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We improved on a unified enzymatic saccharification and fermentation system for the direct production of 
ethanol from agarose. To increase expression level of agarase genes, the pGMFα-HGN plasmid harboring the 
AGAH71 and AGAG1 genes encoding β-agarase and the NABH558 gene encoding neoagarobiose hydrolase was 
used. The pGMFα-NGH plasmid harboring the NABH558, AGAG1 and AGAH71 genes was constructed and two 
plasmids were transformed into the Saccharomyces cerevisiae 2805 strain, respectively. In the 2805/pGMFα-
NGH transformant, the NABH558 gene transcription level was increased and total agarase activity was increased 
by 25 to 40%. This means that arrangement of NABH-AGAG1-AGAH71 gene expression cassette (NGH) was 
more efficient for simultaneous expression of three genes. In the 2805/pGMFα-NGH transformant, three secre-
tory agarases were produced that efficiently degraded agarose to galactose, 3,6-anhydro-L-galactose, neoaga-
robiose, and neoagarohexaose. During the united cultivation process, a maximum of 2.36 g/l ethanol from 10 g/l 
agarose was produced over 120 h, indicating that ethanol productivity increased 20%. Therefore, this system 
was more developed by rearranging the agarase gene expression cassettes. 
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It has become routine recently to express multiple proteins in a cell factory for biotechnological applications 
such as synthetic biology or metabolic engineering. The disadvantages of chemical inducers in terms of cost and 
toxicity will increase if such conventional inducible promoters are employed in such applications. It is therefore 
advantageous to express the various heterologous proteins using stationary-phase promoters. Using two separate 
plasmids gives overcomes negative transcriptional interactions usually observed in single-plasmid dual 
expression systems. The aim of this study is to examine the production of two recombinant proteins using two 
plasmids (with pBR322 or p15A replicon) and three synthetic stationary-phase promoters. In one plasmid, green 
fluorescence protein (GFP) was expressed as a reporter protein with one promoter and in the other plasmid, a 
viral fusion peptide (FP) was expressed with each of the remaining promoters as dual-plasmid expression 
systems in E. coli XJb(DE3). Time-course measurement of cell growth, fluorescence and protein concentration 
was done. There was 3-4 times decrease in fluorescence when GFP was expressed in low copy-number plasmid 
though induced by the stronger promoter. Protein concentration of cultures expressing FP using high copy-
number plasmid reduced at 36 hours after a spike at 24 hours. This is evidence that copy-number rather than 
promoter strength is key in the expression of recombinant proteins when using dual-plasmid expression systems. 
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To exploit the activation of recombinant protein expression in E. coli without the use of inducers, stationary-
phase promoters have become an alternative to conventional promoters. It is common for multiple heterologous 
proteins to be expressed in cell factories in metabolic engineering and synthetic biology. In this study, we 
examine the applicability of synthetic stationary promoters of varying strength for this purpose by expressing a 
reporter protein, green fluorescence protein (GFP), non-toxic to the cell and a membrane-interacting viral fusion 
peptide (FP) to establish a single-plasmid expression system in E. coli BL21(DE3). Two synthetic stationary-
phase promoters were selected; the stronger promoter was used to express GFP while the weaker was used to 
express FP. Constructs were made with / without spacer sequence between them and the orientation of the 
expression cassette was change to monitor their effect. Cell growth, fluorescence and protein concentration of 
the batch culture were tracked over a 36-hour period. The introduction of spacers gave a higher protein yield 
while same-direction expression cassettes gave a higher fluorescence after 24 hours, however, at 36 hours 
opposite-direction cassette with spacer gave the highest fluorescence. The presence of a spacer and opposite 
orientation led to higher expression of both recombinant proteins. 
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With increasing interest in wearable electronic devices, researches on flexible energy storage modules are being 
actively conducted. For this, flexible electrodes are required and porous carbonaceous materials are mainly used 
for the electrodes. These are very suitable because of their high chemical stability, specific surface area, and 
conductivity. However, most carbonaceous materials are fossil-derived materials that are neither sustainable nor 
inexpensive. Biochar obtained by pyrolysis of biomass is sustainable and cost-effective. This is difficult to 
mass-production as flexible electrodes compared to fossil-derived materials because they are not well dispersed 
in the solvent. For overcome this problem, we developed the biochar/ Poly(3,4-ethylenedioxythiophene) 
(PEDOT) /Nafion composite electrode. Rice straw-based biochar, PEDOT as a flexible conductive polymer, and 
Nafion as a binder were added to form a composite for the electrode. The fabricated composite was successfully 
deposited on a flexible substrate to be a flexible electrode. When it was made symmetrically and confirmed with 
a supercapacitor, it showed stable performance. 
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In this study, effects of an alginate oligosaccharide mixture (AOS) to Rhodobacter spaeroides were investi-
gated. The growth of R. spaeroides was differently promoted by AOS in various concentration. The maximum 
effect of AOS to this bacteria was obtained at 0.5 % supplemented in LB medium. Particularly, growth-
promoting by AOS is strain-specificity to R. spaeroides but not in other provieded bacteria. Furthermore, studies 
at molecular level, the determination of transcript expression via qPCR reaction of fbp2 gene that encoding for 
Fructose-1,6-bisphosphatase class 1 and 2, RSP-0557 gene that encoding for a hypothetical protein, DUF1127 
domain and RegB gene transcipt that encoding for sensor histidine kinase in R. spaeroides under AOS 0.5 % 
effect resulted an acceleration of R. spaeroides growth under AOS 0 % in comparison with control strain. These 
results suggest that AOS is useful for improving the growth of R. spaeroides that is a promise for synbiotic to 
gastrointestinal tract of human and animal. 
  
Keywords : Rhodobacter spaeroides, alginate oligosaccharides , growth-promoting, probiotic, prebiotic 
  
  

291



Exploring the Upcoming Challenges in Biotechnology2020 한국생물공학회 추계학술발표대회 및 국제심포지엄: Hybrid-컨퍼런스

2020 KSBB Fall Meeting and International Symposium: Hybrid Conference
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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. 
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Marine biological resources are significant sources of biological and chemical processes and principles from 
which new bioactive compounds can be explored. Here, we report a new silica-forming peptide (SFP) called 
Kpt (KPTHHHHHHDG) derived from a membrane protein in Ruegeria pomeroyi DSS-3, a heterotrophic 
marine bacterium found in coastal areas. The imidazole- and hydroxy-containing amino acid residues in Kpt 
sequence, as well as its high cationic charge, are ideal for promoting silica precipitation from a silane precursor. 
Kpt exhibited high silica-precipitating activity at a pH 8.0 compared to other SFPs. Additionally, Kpt sustained 
its biosilicification activity when fused to N-terminus of ferritin (Fn) monomer, forming Kpt-Fn with unchanged 
caged structure. In contrast R5 peptide, a well-known silica-forming peptide, interfered with the formation of 
the ferritin cage structure when fused as the same manner in place of Kpt. In addition, Histidine-rich sequences 
confer an affinity tag for Ni-NTA resin for recombinant protein purification. The results of this study suggest 
that Kpt can be used as a new SFP and a purification tag in fusion proteins by affinity chromatography. With its 
short sequence, Kpt is expected to have no effect on the main protein structure which was fused by Kpt. 
Therefore, it is an ideal peptide for producing multi-functional biomolecules. 
 
Keywords : marine bacterium, silica forming peptide, Kpt 
References  
1.  M.R. Ki, T.K.M. Nguyen, H.S. Jun, and S.P. Pack, Process Biochem. 68, 182 (2018). 
2.  T.K.M. Nguyen, M.R. Ki, R. C. S. Lee, and S.P. Pack, J. Ind. Eng. Chem. 73, 198 (2019). 
  

293



Exploring the Upcoming Challenges in Biotechnology2020 한국생물공학회 추계학술발표대회 및 국제심포지엄: Hybrid-컨퍼런스

2020 KSBB Fall Meeting and International Symposium: Hybrid Conference

 P0248   Dilute Acid Pretreatment of Walnut Shell for Bioethanol Production 
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Bioethanol, it comes from a renewable resource such as various biomass (miscanthus, switchgrass, wheat straw, 
bagasse, etc.). Those biomasses contain a complex mixture of cellulose, hemicellulose and lignin. Therefore, 
biomass has been studied as a raw material for the production of bioethanol. In this study, compositional 
analysis, pretreatment, and saccharification were performed to evaluate the possibility of using walnut shells in 
biorefinery. The carbohydrate composition of walnut shells was determined. As a result, glucan, xylan and 
arabinan was detection, the content was found to be 28.3% 27.2% and 2.0% respectively. To improve the 
enzymatic digestibility, dilute sulfuric acid was used for pretreatment. The maximum glucose conversion was 
achieved about 80.4% at 121˚C with 4% sulfuric acid for 15 min. Finally, the sugar conversion by pretreatment 
was improved 2.8 ~ 3.5-fold compared with control group, and the hydrolysates are expected to be used for 
biorefinery such as bioethanol fermentation. 
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 P0249   One-pot Biotransformation of Gaseous Propene to (R)-1,2-propanediol Using Methanotrophic 
Biocatalysts 
  

Ye Rim PARK, Ok Kyung LEE, Eun Yeol LEE 
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Enantiomerically pure 1,2-propanediol (1,2-PDO) is an important chemical as a versatile synthon for the 
asymmetric syntheses of pharmaceuticals and pheromones industries. In this study, we tried to produce 
enantiopure (R)-1,2-PDO from gaseous propene by the engineered methanotroph as a biocatalyst. Methane 
monooxygenase (MMO) of Methylosinus trichosporium OB3b catalyzes the epoxidation of 1-propene to 
epoxypropene, and the resulting epoxide is converted to a (R)-1,2-PDO by Caulobacter crescentus epoxide 
hydrolase (CcEH) overexpressed in the methanotroph. The one-pot biotransformation with combination of 
MMO and CcEH was used to produce 263.5mg/L of (R)-1,2-PDO with 99% ee via enantioconvergent process. 
The EH overexpressing M. trichosporium OB3b strain is evaluated as the best option for producing chiral 
epoxides and diols from gaseous propene. 
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 P0250   Integrated In-depth Understanding on Core One-carbon Metabolism of Gamma-proteobacterial 
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Methylotuvimicrobium alcaliphilum 20 is a promising platform strain for bioconversion of one-carbon (C1) 
substrates into value-added products. To carry out robust metabolic engineering with methylotrophic bacteria 
and to enable C1 conversion machinery in non-native hosts, an understanding of central metabolism in 
methanotrophs under certain conditions is critical. In this study, a genome-scale integrated approach was used to 
provide in-depth knowledge on the metabolic pathways of M. alcaliphilum 20Z grown on methanol. Our 
analysis indicated a rearrangement of core carbon metabolism when the carbon substrates shift from methane to 
methanol, where the methanol assimilation pathway is coupled with the efficient Embden-Meyerhof-Parnas 
(EMP) pathway along with the serine cycle. In addition, an incomplete TCA cycle operates in M. alcaliphilum 
20Z on methanol, which might only supply precursors for de novo synthesis but not reducing powers. Instead, it 
appears that the formaldehyde oxidation pathway takes over the role to carry more flux to supply energy for the 
whole metabolic system. These findings provided a system-level understanding of carbon metabolism and new 
opportunities for future strain design to produce relevant products from C1 substrates. 
  
Keywords : gamma-proteobacterial methanotrophs, serine cycle, methane, methanol, genome-scale models, 
flux sampling, 13C tracer 
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 P0251   Enhancing Microalgal Productivity by Introducing Easy Scale-up Photobioreactor 
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The aim of this work was to develop a photobioreactor which has high areal productivity for increasing biomass 
and lipid production in microalgal cultivation. To accomplish economic microalgae mass production, lower 
investment cost is essential. We developed low cost film bag reactor. Film bag reactor has advantage of cost, but 
its smaller volumetric capacity that comes from weak mechanical strength is main limitation. To overcome this 
problem, additional bulkheads were introduced to increase column size safely. In addition, spacer was devised 
to link film bags for single large volume reactor. By using this advanced polymer bag reactor, areal productivity 
of biofuel was greatly increased. Thus, we expect that economic mass production of microalgal fuel becomes 
feasible. 
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In recent years, as the demand for biodiesel has increased, the produced by-product glycerol has also increased. 
Therefore, to convert by-product more valuable, studies using crude glycerol as a carbon source in microbial 
fermentation have attracted attention, however, the rate of substrate consumption has been found to be 
significantly slower than conventional glucose and is a major limitation of industrial application. In this study, 
casein hydrolysate was supplemented in main medium to improve the consumption of crude glycerol from 
Klebsiella aerogenes. As a result, the substrate consumption rate, cell and ethanol concentration were improved 
about 2.6-fold, 2.5-fold and 3.0-fold, respectively, compared with the control group. Based on the fundamental 
results, there were four major components (peptone, ammonium sulfate, casein hydrolysate, crude glycerol) of 
the main medium that were shown to be statistically optimized. Under the optimized medium, consumption of 
crude glycerol was achieved about 89% and the productivity of bioethanol was found to be 0.83 g/Lh. 
Fermentation profiling of the free amino acid concentration in main medium was performed to elucidate the 
reason of improved cell growth and consumption of crude glycerol via supplementation of casein hydrolysate. 
As a result, glycerol consumption was promoted without the delay of lag phase by abundant supplying of 
essential amino acids for cell growth. Therefore, this research is expected to provide an opportunity to use cheap 
crude glycerol for industrial scale fermentation, and promote the consideration of this research to help find new 
methods of sustainable resources for all societies 
 
Keywords : Casein Hydrolysate, Ethanol, Response Surface Methodology (RSM) 
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Food processing by-products refer to intermediate products produced simultaneously with target products during 
food processing. Usually, due to difficulties in collection, separation, and disposal, most of them are not utilized 
and are often treated by compost, landfill disposal, or incineration. However, this is one of the biomass 
resources, which is highly value-added and environmentally friendly, so it may have a positive impact on the 
domestic industry, and it should be noted that it can improve economic and price competitiveness by increasing 
the productivity. 
We present a method for effectively using the by-products of the Aronia juice processing process. By-products 
contain a large amount of antioxidant and antibacterial substances even after use. In order to manufacture a film 
that is widely used for food packaging, the mechanical strength was investigated by varying the mixing ratio of 
PDMS and by-product. Also, amount of polyphenols in the prepared film was measured to expect its antioxidant 
property. In the future, it is necessary to optimize the amount of film and by-products or to control additives to 
produce a strong film, and to prepare a film with excellent antioxidant effect. 
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 P0254   Identification and Characterization of an Aldehyde Dehydrogenase from Pyropia yezoensis 
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Aldehyde dehydrogenase (ALDH) is a key enzyme in the defense systems against oxidative damage and in 
protecting organisms from environmental stresses. In this study, there were investigated changes in the pro-
teome of Pyropia yezoensis (Bangiales) under stress conditions. Analysis of two-dimensional gels identified one 
spot that increased significantly following exposure to each of the stresses. MALDI-TOF spectrometric analysis 
of these spots identified three amino acid sequences, and these were used for a search of the EST database. This 
search identified a full-length cDNA clone encoding ALDH. Pyropia yezoensis ALDH (PyALDH) cDNA was 
1515 bp in length and encoded a deduced polypeptide of 505 amino acids (57 kDa). ALDH gene was cloned in 
pET28a(+), and expression in Escherichia coli (Rosetta DE3) was used to determine the function in response to 
increased salinity and oxidative stress. Transgenic lines show improved tolerance following exposure to higher 
NaCl concentrations or to H2O2. 
  
Keywords : Aldehyde dehydrogenase , Pyropia yezoensis , Proteomic analysis 
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superoxide Dismutase in Chlamydomonas 
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Chonnam National University, Gwangju, Korea 
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In this study, the expression of ascorbate peroxidase (PyAPX) and manganese-superoxide dismutase (PyMnSOD) 
in Pyropia yezoensis (Bangiales, Rhodophyta) was examined. Furthermore, the functional relevance of these 
genes was explored by overexpressing them in Chlamydomonas. A comparison of the different expression levels 
of PyAPX and PyMnSOD after exposure to each stress revealed that both genes were induced by high salt and 
UVB exposure, being increased approximately 3-fold after 12 h. The expression of the PyAPX and PyMnSOD 
genes also increased following exposure to H2O2. When these two genes were overexpressed in Chlamy-
domonas, the cells had a higher growth rate than control cells under conditions of hydrogen peroxide-induced 
oxidative stress, increased salinity, and UV exposure. 
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Bacteroides sp. CACC 737 was isolated from a feline, and its potential probiotic properties were characterized 
using functional genome analysis. Whole-genome sequencing was performed using the PacBio RSII and 
Illumina HiSeq platforms. The complete genome of strain CACC 737 contained 4.6Mb, with a G + C content of 
45.8%, six cryptic plasmids, and extracellular polysaccharide gene as unique features. The strain was beneficial 
to animal health when consumed as feed, for example, for ameliorating immunological dysfunctions and meta-
bolic disorders. The genome information adds to the comprehensive understanding of Bacteroides sp. and 
suggests potential animal-related industrial applications for this strain. 
  
Keywords : Bacteroides sp., Feline, Whole genome sequencing  
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 P0301   Utilization of Agri-biomass Based Lignin as Promising UV Protectant for Biodegradable 
Composite Films 
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Along with cellulose and hemicellulose, lignin is a plentiful component of the lignocellulosic biomass. In recent 
years, much attention has been focused on the use of this polyphenolic compound as a potential biomaterial for 
the production of biobased applications. In this work, extraction of alkali-lignin and organosolv-lignin from 
agricultural biomass Miscanthus sacchariflorus, fabrication of biodegradable and flexible PLA (polylactic acid)- 
and agar-based biocomposite films incorporated with lignin, and its UV protection properties has been 
investigated. Alkali lignin was extracted from black liquor by lowering its pH to<4 followed by hydrothermal 
treatment and organosolv lignin was directly extracted from raw biomass by using 80% ethanol at 170 oC, 1h. 
To overcome the poor compatibility with PLA, the extracted lignin has been modified by acetylation. Lignin-
biocomposites of various concentrations of lignin (0-5 wt%) have been prepared by solvent-casting methods. 
UV protection properties of lignin-biocomposites in wavelength of 280-400 nm and transmittance in visible 
region were evaluated. Color differences with the CIELAB formula (ΔE*ab) were also measured by a 
colorimeter. 
 
Keywords : Lignin, UV protection, Biocomposite films, Agricultural biomass 
References  
1.  Y. Cha, A. Alam, S. Park, Y. Moon, K. Kim, J Lee, D. Kwon, and K Lee, Bioresour. Technol., 297, 122399 

(2020). 
2.  H. Sadeghifar, R. Venditti, J. Jur, R. Gorga, and J. Pawlak, ACS Sustainable Chem. Eng. 5(1), 625-631 

(2017). 
3.  S. Shankar, J Reddy, J Rhim, Int. J. Biol. Macromol, 81, 267-273 (2015).  
  

304



Exploring the Upcoming Challenges in Biotechnology2020 한국생물공학회 추계학술발표대회 및 국제심포지엄: Hybrid-컨퍼런스

2020 KSBB Fall Meeting and International Symposium: Hybrid Conference

 P0302   Functional Cosmetic Activity of Pinus koraiensis Cone Extracts 
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Pinus koraiensis is a Korean native tree, and fruit has been used for food. However, most of the cone are made 
up of wood, which is discarded as waste without any means of use. The antioxidant and enzyme inhibitory 
activity of extracts were measured to use the cone as functional cosmetic materials. 70% ethanol was used as 
extraction solvent, and the sample was extracted by dividing into whole cone, testa, cone scale. Testa and cone 
scale were extracted according to harvest time. In all experiments, the testa and cone scale extracts were more 
active than fresh ones harvested long ago. As a result of electron donating ability, it was higher in order of testa, 
whole cone and cone scale extract. In the ABTS radical scavenging activity, the extracts were found in the order 
of cone scale, testa, and whole cone extract. As a result of tyrosinase inhibitory activity, most extracts showed a 
tendency to decrease the inhibitory activity at high concentration. Only freshly harvested testa extracts were 
confirmed to maintain activity at high concentrations. As a result of measuring elastase inhibitory activity, the 
activity was higher in the order of cone scale, whole cone, and testa extract. 
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Skin is exposed to various harmful environments such as air pollutants and ultraviolet rays. Chronic exposure to 
air pollutants, especially particulate matter (PMs), leads to skin damage and aging. Unfortunately, there is a 
limit to the complete blocking of PMs and for this reason, cosmetic formulations with various polymer networks 
or materials that induce electrostatic interactions are being employed to protect the skin from PMs. In this study, 
we confirmed that the use of abalone shell powder in general cosmetic formulation formed the protrusion 
structure and layered nanoparticles. FE-SEM images showed plate-shaped particles, and it was inferred that 
calcium carbonate particles were protruding outward to form layers by serving as bridges between the plate-
shaped particles. In addition, it was speculated that the use of abalone shell powder with protrusion structures 
significantly decreased the adhesion of PMs to the surface by increasing hydrophobic repulsion. The BB cream 
containing abalone shell powder was found to have 61% and 38% decrease in the degree of adhesion to PMs 
when compared to the control group and the comparison group containing mica, respectively. Furthermore, the 
safety and stability of the abalone shell powder were found to be suitable against antimicrobial effectiveness 
test, skin irritation test, and stability test. Therefore, our results strongly showed that the abalone shell powder 
can be used as cosmetic raw material that effectively repels PMs through increased hydrophobicity caused by 
increased surface area due to protrusions. 
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The aim of this study was to develop new approaches using Pulsed electric field (PEF) technology to reduce the 
risks, to protect the phyto-constituents and to improve skin biological activities. The study was conducted by 
treating PEF technology in two approaches. The first approach is the processing of Chaga mushroom (Inonotus 
obliquus) with PEF technology under various conditions. The second approach, mineral waters were used as a 
conductor to increase the efficiency of PEF technology. To confirm the effects of PEF technology on extracts, 
we measured the content of polysaccharide, protein, and polyphenol and studied their skin biological activities 
such as anti-oxidation, cell protection and moisture. As a result of the content measurement, the content of 
polysaccharide and polyphenol were higher in the order of extracts treated with 50Hz and 25Hz at 0.5kV/cm, 
and the content of protein was the highest in extracts treated with 25Hz at 0.5kV/cm. Similar to the results of the 
component measurement, extracts treated with these conditions showed excellent DPPH scavenging ability, 
cytoprotective effect and hyaluronic acid synthesis effect. In addition, the improved efficiency of PEF 
technology by using mineral waters as a conductor increased the polyphenol content and skin biological 
activities. These results indicated that PEF technology is an innovative processing technology that is rarely used 
in the cosmetic industry. This technology contributes to the development of cosmetic ingredients with excellent 
phyto-constituents and skin benefits. 
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Castanopsis cuspidate var. sieboldii (CCS), belonging to the family Fagaceae, is a woody native plant of South 
Korea and Japan. In this study, we investigated the possible utilization of CCS leaves and branch extracts as 
cosmetic substances. The leaves and branch extracts of CCS were prepared by hot water, ultra-sonic cold water, 
70% ethanol, and 100% ethanol. CCS leaves and branch extracts were analyzed for total phenolic, flavonoid 
contents. Also, antioxidant properties were evaluated by using 1,1-diphenyl-2-picrylhydrazyl (DPPH), 2,20-
azinobis (3-ethylbenzothiazoline-6-sulfonic acid) diammonium salt (ABTS). The highest total phenolic and 
flavonoid contents were found in the ultra-sonic cold water fraction in branch and 70% ethanol fraction in leaves 
(190.31 ± 0.41 mg Quercetin (QE)/g extract and 20.02 ± 2.45 mg gallic acid equivalent (GAE) /g extract 
respectively). The 70% ethanol fraction in leaves and 100% ethanol fraction in branch showed the strongest 
antioxidant activities in DPPH and ABTS assays. These results suggest that ethnic CCS provides promising 
antioxidant capacities, and is a potential natural cosmetic substances in cosmetic industries. 
 
Keywords : Castanopsis cuspidate var. sieboldii , antioxidant activity , ethnic plant, extracts, polyphenol 
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Microbial electrosynthesis (MES) is an emerging technology platform for sustainable production of value added 
chemicals from carbon dioxde and solar-powered electricity. This platform converts carbon dioxide using 
inward electron transfer mechanisms to chemicals with microorganisms as biocatalysts and electrons from 
cathodic electrodes as reducing power. As a biocatalyst, a lithoautotrophic bacterium, Cupriavidus necator, 
reduces carbon dioxide into polyhydroxybutyrate (PHB) by utilizing hydrogen (H2) as energy source. Here, we 
developed a hybrid water splitting-biosynthetic system to split water into H2 and CO2 in combination with C. 
necator. In this study, the hydrogen-driven MES system with a single reactor configuration was set up by 
optimizing the operating conditions such as the cathodic catalysts, optimal CO2 supply and current density, 
making favorable environment for the cell growth. When using platinum as a cathodic catalyst, the cell growth 
rate was higher than using glassy carbon. The formation of unstable reactive oxygen species such as hydrogen 
peroxide might be responsible for the growth inhibition in the MES system with glassy carbon as a cathode. We 
also investigated the optimal nitrogen source concentration to enhance the accumulation of PHB inside the cells. 
By limiting the nitrogen source (NH4)2SO4 from 1 g/L to 0.2 g/L, the accumulation of PHB increased by 3 
times. The MES system optimized in this study would serve as a platform for the sustainable conversion of 
sunlight, water, and CO2 into various value-added chemicals. 
 
Keywords : Microbial electrosynthesis (MES), Cupriavidus necator, polyhydroxybutyrate (PHB) 
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It is well known that inflammation response of immune cell in the body is deeply related to serious diseases 
such as rheumatoid arthritis and sarcopenia. In this study, we examined anti-inflammatory immune response of 
ethanol extracts of Hibiscus syriacus Gojumong and Hibiscus syriacus Lady Stanley Stem and Root using 
nitrogen oxide production analysis. Nitric oxide production test showed the macrophages had 68% and 24% 
higher anti-inflammatory activity, compared to control. Hibiscus syriacus Gojumong also showed extract 
concentration-dependent anti-inflammatory activity. To further test the cytotoxicity of these extract, we per-
formed MTT assay. MTT test showed that Hibiscus syriacus Gojumong and Lady Stanley extract gave 93% and 
87% viable cell survival rates, respectively. These results suggest that further analysis of Hibiscus syriacus 
Gojumong Stem and Root extract components might provide the basis for the development of a new therapeutic 
candidate with anti-inflammatory immune response with much less cytotoxicity. 
   
Keywords : Inflammation, Immune, Nitric Oxide, MTT, Cytotoxicity 
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 P0308   Influence of Pyracantha and Paullinia Plant Polyphenols and Flavonoids on Anticancer Activity 
in Aggressive Breast and Hepatocellular Carcinoma Cells 
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Since many decades, plants have widely been used in traditional medicine as well as for the treatment of 
diseases including cancer. It is well known that the possible use of plant-derived compounds against 
carcinogenesis underlining the significance of these products in cancer treatment. Interestingly, about 55% 
anticancer drugs are currently formulated from natural products [1,2,3], Here, we aimed to evaluate the 
cytotoxic effect of the eight medicinal plants against breast carcinoma and hepatocellular carcinoma cell lines. 
Pyracantha angustifolia and Paullinia cupana showed the maximum inhibition in the cancer cell lines. 
Moreover, induction of cell cycle arrest was seen in both cancer cell models after treatment with these two 
extracts. Phytochemical and antioxidant analysis demonstrated the presence of high phenolic and flavonoid 
content, including increase in DPPH activity [4]. The growth inhibition of carcer cells mediated by these 
extracts appear to be associated with apoptosis and upregulated expression of the pro-apoptotic genes. Taken 
together, P. angustifolia and P. cupana may provide the basis for the development of anti-cancer agent.  
 
Keywords : Hepatocellular carcinoma cells, Breast carcinoma cells, Flow cytometry, Phytochemical analysis, 
Plant extracts 
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 P0309   Screening of Scalp Cosmetic Material of Domestic Phyllostachys bambusoides Stem Extract 
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Bamboo has long been known in Korea and other countries and it is a plant belonging to the native Gramineae. 
Among the different types of bamboo, Phyllostachys bambusoides, is useful for a variety of purposes and some 
useful properties and having a lot of beneficial uses such as a pulpwood, timbering and medicinal etc. The 
bamboo stem contains cellulose and lignin and contains various polyphenol compounds. It has also been 
reported that bamboo stems have antioxidant and UV-protective activities, especially in the cosmetic application 
of bamboo stems. However, no research has been conducted on the scalp cosmetics of Phyllostachys 
bambusoides. In this study, polyphenol content, antioxidant activity and antibacterial activity were investigated 
to inquire the possibility of Phyllostachys bambusoides as a cosmetic material. Total polyphenol contents 
concentration were calculated 500 μg/mL and antioxidant assays (DPPH, ABTS) were performed resulting in 
the range of 50-900 μg/mL (IC50). All five fractions showed no cytotoxicity up to the concentration of 100 
μg/mL by MTT assay. Therefore, In this study, we investigated polyphenol content, antioxidant activity and 
antibacterial activity of domestic bamboo royal extract to investigate the potential as a cosmetic material for 
improving scalp. 
 
Keywords : Bamboo, Phyllostachys bambusoides, polyphenol, antibacterial, cosmetic material 
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 P0311   Butyryl-CoA : Acetate CoA Transferase Up-regulation for Butyrate Biosynthesis 
in Eubacterium limosum KIST612 
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    Butyrate is C4-fatty acids and produced commercially via petrochemical routes through the oxidation of 
butyraldehyde. Butyrate is utilized at various industrial fields such as food additives, pharmaceutical chemicals. 
To reduce the dependence on the use of petroleum chemicals, the world has been attempted to form biochemical 
or products. The acetogenic bacteria were synthesized butyric acids through the catalytic reactions that butyryl-
CoA converts butyrate through the enzyme. There are two metabolic pathways which includes substrate-level 
phosphorylation and concomitant with acetate consumption by CoA transferase. Especially, CoA transferase 
enzyme has a range of substrate specificities for acetate and CoA derivatives. Eubacterium limosum KIST612 is 
a strictly anaerobic and Gram-positive bacterium, which has been considered as a promising microorganism for 
the biosynthesis of butyric acid and acetic acid using syngas. Here, this study indicated the specific enzyme 
activities for CoA transferase candidates in KIST612 strain. Also, three CoA transferase candidates from 
KIST612 were expressed in E. coli strain. The enzyme with the highest enzyme activity was homologous 
expressed in KIST612 strain. This study would be demonstrate high butyrate/acetate ratio by over-expression 
CoA transferase. 
  
Keywords : Butyrate production, acetogen, CoA transferase 
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Mixotrophic Fermentation 
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Hexanoic acid (HA) can be used as a precursor of food additive, perfume, and hexanol, an alternative for 
gasoline. Clostridium sp. JS66 produces HA using syngas as carbon and energy sources. However, HA titer and 
productivity are very low due to low cell mass during syngas fermentation. In this study, we conducted 
mixotrophic fermentation by supplying glucose and syngas together to increase HA production. During the 
mixotrophic fermentation, the titer of HA reached at approximately 1 g/L, but Clostridium sp. JS66 did not 
consume syngas anymore probably due to the product inhibition by HA. When we investigated the HA 
inhibition on Clostridium sp. JS66, the maximum optical density at 600 nm decreased by 43% with 2 g/L of HA 
in the heterotropic culture. To overcome HA inhibition, we performed in-situ extractive fermentation with 10% 
of trioctylphosphine oxide in dodecane for HA extraction. As a result, the gas consumption and HA production 
increased by 80% and 46%, respectively. These results indicate that HA inhibition is a bottle neck for high HA 
production by Clostridium sp. JS66. Therefore, in situ extractive fermentation can be the solution for HA 
production by mixotrophic fermentation. 
  
Keywords : Clostridium sp. JS66, syngas, Hexanoic acid (HA), product inhibition, in situ extraction. 
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 P0313   Suppressing Reactive Oxygen Species and Inflammation Related to Muscle Aging with Extracts 
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Reactive oxygen species indiscriminately destroy proteins, causing aging by the loss of the functions of the 
muscle cells and immune cells of the body, leading to sarcopenia and arthritis. In the aging process, hypoxia 
occurs in peripheral tissues. Eventually cell death occurs, and inflammatory cells gather to remove dead cells 
and these inflammations accumulate and age. This study was aimed to determine reactive oxygen suppresive 
and anti-inflammatory activities of extracts from Pterocarya stenoptera, Garcinia cowa and Nageia fleuryi. 
DPPH assay showed extracts of the Pterocarya have 33.5% higher activity, but Garcinia and Nageia gave 
23.0% and 48.1% less anti-oxidant activity. Nitric Oxide assay showed extracts of Pterocarya, Garcinia and 
Nageia might have the 19.5%, 16.1% and 48.7% more anti-inflammatory activity. MTT assay showed extracts 
of Pterocarya and Garcinia have 2.60%, 4.60% less cell toxicity, however Nageia have the 29.3% more cyto-
toxicity. Conclusively, this study suggest Pterocarya might be a potential anti-oxidant therapeutic candidates 
with anti-inflammatory activity with less cytotoxicity. 
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Plant, Cinnamomum japonicum Siebold 
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Leaf and branch of Cinnaomum japonicum Siebold are known as a traditional medicinal material in Korea. In 
this study, we prepared various solvent extracts (hot water, ultrasonic, 70% ethanol, and 100% ethanol) of C. 
japonicum leaf and branch and evaluated the antioxidant activities, total polyphenol and total falvonoid 
contents. The 70% ethanol extract showed the highest antioxidant activities and total phenolic and total 
flavonoid contents among them. Especially, the branch extract from C. japonicum gave better antioxidant acti-
vities and polyphenol contents than those of leaf extract. This ethnic plant would be useful for the preparation of 
cosmetic ingredients. 
 
Keywords : Cinnaomum japonicum Siebold, ethnic plant, extracts, polyphenol, antioxidant activity 
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Exosomes, a type of nanovesicle carrying various molecular cargoes such as proteins, RNA and DNA, have 
recently attracted great attention for their clinical potential as biomarkers and therapeutics. Among various 
exosomes derived from different parental cells, milk-derived exosomes are the most easily accessible and 
abundant sources of exosomes. In addition, milk exosomes have an excellent bioavailability and easy crossing 
of tissue boundaries. In this study, we focused on the beneficial effects of milk exosomes derived from 
colostrum on skin health and further examined their potential as the skin care and cosmetic beauty. 
  
Keywords : Colostrum, Exosome, Cosmetic ingredients, Anti-aging, Skin 
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Porphyridium cruentum is an industrially valuable red microalga (Rhodophyta) with rich amounts of extra-
cellular sulfated polysaccharides (EPS). The EPS derived from P. cruentum is highly effective in anti-aging, 
moisturizing, improving elasticity of skins and wrinkles, thus showing high value as cosmetic raw materials. 
However, the industrial application of the P. cruentum is still limited and mostly hindered by its low yield 
restricting the demand for commercial-scale production. Therefore, we attempted to develop a new strategy 
based on microbial interactions to enhance the biomass and EPS production of P. cruentum. In particular, the 
effect of co-culturing Pseudoalteromonas sp. MEBiC 03485 with P. cruentum UTEX 161 was examined. The 
application of strain MEBiC 03485 improved both growth and EPS productivity of P. cruentum, compared to 
those of the control. Compounds secreted from the strain MEBiC 03485 were responsible for stimulating the 
biosynthesis of phycoerythrin and phycocyanin in P. cruentum. In addition, the bacterial application renders the 
sulfur content of EPS to be increased. As with the increases in the sulfur content, biological activities including 
anti-aging, moisturizing, elasticity, and wrinkle improvement were correspondingly enhanced. Our results 
suggest a novel approach to potentially improve both quality and quantities of EPS originated from P. cruentum. 
 
Keywords : Porphyridium cruentum, Extracellular sulfated polysaccharide, Pseudoalteromonas sp., Symbiotic 
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Derived Peptide 

 
Kwanwoo KIM1, Hoomin LEE1, Chi-Hu PARK2, Hyoung Shik KIM2, Yun Suk HUH1 
1Department of Biological Engineering, Biohybrid System Research Center (BSRC), Inha University, Incheon, 
Korea, 2Natural Bioactive & Anticancer Research Institute, YEPBio Co., Ltd., Suwon, Korea 
Corresponding Author Email : yunsuk.huh@inha.ac.kr (Y. S. Huh) 
 
The skin as a largest heterogeneous organ of the human body is vulnerable to premature aging due to external 
stress. As the skin ages, wrinkles occur due to reduced cell proliferation and the denaturation of the extracellular 
matrix. Therefore, in this study, a peptide, (galloyl)2-KTPPTTP (Gal2-Pep) was synthesized by combining 
TPPTTP, and gallic acid (GA). Antioxidant activity was confirmed using DPPH and DCF-DA assays. The 
reactive oxygen species (ROS) scavenging activity of Gal2-Pep was more stable compared to GA alone; after 
four weeks at room temperature, its ROS scavenging activity remained higher than 50%. 
The present research study proved that Gal2-Pep increases the expression of PGC-1a to prevent oxidative stress, 
and proves its potential for use in anti-aging application through decreasing the expression of matrix 
metalloproteinase-1 (MMP1) and increasing the expression of type I collagen 
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Singlet oxygen (1O2), electronically excited molecular oxygen, is one of the most potent reactive oxygen species 
(ROS). Despite the diverse roles of 1O2 in plants and animals, simple detection of 1O2 has been limited due to 
technical difficulties. Significantly, 1O2-scavengers, as a subgroup of antioxidants against ROS, have long been 
attractive as antiaging and/or anti-cancer drugs. Here we report a colorimetric method for visualizing the 
generation and suppression of 1O2 using a protein photosensitizer, mini singlet oxygen generator (miniSOG). 
Upon external light irradiation, miniSOG strongly produced 1O2 and oxidized a universal chromogenic reagent, 
tetramethylbenzidine, leading to a rapid color change in solution. We used this finding to demonstrate the 1O2 
scavenging effects of well-known antioxidants and of natural compounds extracted from plants. Owing to its 
high usability and simplicity, our developed assay platform will be useful for screening potential scavengers for 
ROS and will promote the development of various antioxidants. 
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Chemotherapy is commonly used in cancer therapy. However, chemotherapy alone has many side effects such 
as development of drug resistance. In this work, we developed the biodegradable nanomaterial for combination 
therapy for effective anti-cancer agent. Bovine serum albumin-based nanoparticles (BNPs) have excellent 
suitable properties to use drug delivery system. An anti-tumor drug (doxorubicin) and a photosensitizer (Chlorin 
e6) for photodynamic therapy were co-loaded in BNPs to obtain effective combination anti-cancer agent 
nanoparticles (Ce6/DOX/BNPs). And folic acid (FA) was used for cancer cell targeting (FA-Ce6/DOX/BNPs). 
The characterization of FA-Ce6/DOX/BNPs were studied by fluorescence spectrum, Fourier transform infrared 
(FT-IR) spectrum. The FA-Ce6/DOX/BNPs produced excessive ROS under 671-nm laser exposure and induced 
mitochondrial membrane damage. The anticancer effect of combination therapy with FA-Ce6/DOX/BNPs was 
higher than chemotherapy alone and had fewer side effects. 
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Insects are the most successful organisms on earth in terms of their diversity and adaptability. Insect 
biotechnology using this insect resource is an emerging area for future biotechnology with various applications. 
Insect resources have long been used to make functional food, feed, cosmetics as well as medicine and industrial 
ingredients. This study focused on useful insects' enormous potential for development as natural ingredient of 
cosmetics in order to help people lead a healthy life by making good use of protein of useful insects. To obtain 
functional materials, useful insects were treated in a supercritical carbon dioxide(SC-CO2) semi-continuous 
flow extractor at 50℃ and 400 bar. We prepared five samples of gryllus bimaculatus de geer shell extract 26.2 
wt%, ptecticus tenebrifer shell extract 32.3 wt%, zophobas morio shell extract 33.6 wt%, scolopendra 
subspinipes mutilans shell extract 13.3 wt% and protaetia brevitarsis seulensis shell extract 20.2 wt% by 
supercritical extraction method under optimized conditions. As a result, treatment using solvent extracts of 
supercritical extract shell is decreased the biosynthesis of melanin and tyrosinase activity. Supercritical extract 
shell from useful insects blocked glycosylation of tyrosinase. Therefore this result suggests that supercritical 
extract shell from useful insects could be developed as skin whitening agents. 
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 P0401   Ultra-fast PCR Method for the Distinction and Characterization of Miichthys miiuy and 
Sciaenops ocellatus 

 
Eun Mi PARK, Jung Ju KIM, Hyung soo KIM, Guiim MOON 
New Hazardous Substance Division, National Institute of Food and Drug Safety Evaluation, Ministry of Food 
and Drug Safety, Osong, Korea 
Corresponding Author Email : empark0731@korea.kr 
 
The mi-iuy croaker Miichthys miiuy is a useful aquatic resource of immense commercial value in the Republic 
of Korea. The red drum Sciaenops ocellatus is produced on a mass scale by aquaculture, although it is about a 
quarter of the price of M. miiuy. S. ocellatus has black spots on its tail enabling it to be distinguished from M. 
miiuy based on appearance. However, it is difficult to identify S. ocellatus after simple processing steps such as 
skin removal and dicing. It is frequently reported that certain traders misrepresent and sell S. ocellatus as M. 
miiuy or cultured M. miiuy for illegal economical gain. Therefore, it is necessary to develop an accurate and 
rapid identification method to distinguish between M. miiuy and S. ocellatus in the field. In the present study, a 
method for rapid field identification was developed based on species-specific primers using a portable ultra-fast 
PCR instrument. Forty-nine commercial products were tested and all samples were successfully identified. 
These results revealed that the developed method is a rapid and efficient tool for consumer protection. 
 
Keywords : Economically motivated adulteration, Polymerase chain reaction, species-specific PCR, ultra-fast 
real-time PCR, Miichthys miiuy  
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 P0403   Can Near Infrared (NIR) Spectroscopy Analyze Sweet Potatoes’ Quality in Nondestructive 
Manner? 
  

Da-Song KIM, Hyun-Jae SHIN 
Department of Chemical Engineering, Graduate School of Chosun University, Gwangju, Korea 
Corresponding Author Email : shinhj@chosun.ac.kr 
 
Sweet potatoes are popular because of their taste and variety of nutrients, so can be applied to various processed 
foods by making them into a paste. To standardize the paste quality, quality evaluation of raw sweet potatoes is 
needed. In this study, near infrared spectroscopy (NIR) was used measuring sweet potatoes by a non-destructive 
detection. Using chemometric models, the spectrum predicts and discriminates about moisture and jungbak 
content, which are the internal quality factors of sweet potatoes. Partial least square (PLS) was used for 
prediction, and linear discriminant analysis (LDA) was used for discrimination. To increase the accuracy of the 
model, the NIR spectrum was preprocessed using Savitzky–Golay (S-G), standard normal variate (SNV), and 
multiplicative scattering correction (MSC) methods. As a result of PLS, the best calibration model accuracy was 
obtained using SG processed spectrum about moisture content with RC2, RMSEC, RP2, and RMSEP values of 
0.8064, 1.1593, 0.6772, and 1.3105. The best calibration model accuracy was obtained using SNV processed 
spectrum about jungbak content with RC2, RMSEC, RP2, and RMSEP values of 0.8181, 11.1741, 0.7778, and 
12.2820. For LDA analysis, the moisture and jungbak content were divided into 5 classes, respectively, and it 
was confirmed that they were classified by class. These results indicated that internal quality of sweet potatoes 
could predicted and classified using chemometric models by nondestructive detection. Moreover, it has been 
confirmed that this technology can be used in-line and at-line of the process. 
  
Keywords : near infrared spectroscopy, nondestructive analysis, chemometrics, sweet potato, food quality, 
paste 
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 P0404   Study on the Extraction of High-content Medicinal Ingredient Based on Microbe Bio-conversion 
Technology in Jung-Ang Microbe Research Institute 

 
Sang-Yun LEE1, Young-Seon KIM1, Min-Kyoung LEE1, Kyeong HWANGBO1, Yoon-Mi LEE2, Geon-Hee 
KIM2, Sang-Yeon KAN2, Hyeji KANG2, Xue-Quan FANG2, Woo-jin LIM2, Ji-Hong LIM2,3, Woo-Jong YIM1 
1Jung-Ang Microbe Research Institute(JM), Cheongju, Korea, 2Integrated Bioscience, College of Biomedical & 
Health Science, Konkuk University, Chungju, Korea, 3Diabetes and Bio-Research Center, Konkuk University, 
Chungju, Korea 
Corresponding Author Email : ywj0808@naver.com 
 
Emodin is known as the main medicinal ingredient of aloe, and is mainly known as the medicinal ingredient 
found in Polygonaceae plants. Emodin is known to be effective in leukemia, lung cancer, colorectal cancer, 
pancreatitis, and HCC, and it has a content of around 10 percent in natural products. Also, Ursolic acid, which 
has been studied as having anti-cancer effects, is found mainly in apples, and contains less than 1 percent of 
natural products. We are conducting a study on cancer cachexia based on anti-cancer effects of emodin and 
ursolic acid. In this study, we used Polygonum cuspidata for extracting emodin and apple peels for extracting 
ursolic acid. We inoculate microorganisms such as Saccharomyces spp., Lactobacillus spp., Streptococcus 
thermophilus, Bacillus spp., and Rhodopseudomonas capsulate etc. to extracts directly and it incubates at 28℃ 
for more than 30 days. As a result of HPLC analysis to compare the contents of medicinal ingredients, natural 
product extracts contain less than 10 percent of medicinal ingredients, while the microbe bio-conversion extracts 
contain approximately 40 percent of medicinal ingredients. Through study, we confirmed that we can extract 
high-content medicinal ingredients by microbe bio-conversion technology from various natural products and the 
effect of reducing production unit price as a raw material for medical food was derived. 
 
Keywords : Microbe bio-conversion, Emodin, Ursolic acid, Polygonum cuspidata, Apple peel 
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 P0405   Application of LAB for Improving the Function of Tenebrio molitor as Substitute for Fish Meal 

 
Hyunsol JO, Juyoung CHOI, Sunmee HONG 
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Corresponding Author Email : hongsunmee@mire.re.kr 
 
Insects are gaining attention as a substitute for fish meal that supplies nutrients such as essential amino acids for 
fish growth, reproduction and immunity. Of them, Tenebrio molitor is rich in proteins, lipids and minerals and 
can serve as a potential alternative protein source for commercial aquafeeds. Therefore, it is possible to provide 
excellent high protein and nutrition feed to fish by using Tenebrio molitor (Tm). 
This study was conducted bioconversion in Tm extracter using the lactic acid bacteria (LAB) to produce fish 
meal substitutes. It was extracted in hot water at 60℃ during 4 h as not to destroy the nutrient componenets of 
the Tm and then fermented by LAB during 24 h (TmLAB). We confirmed that TmLAB had antibacterial 
activity against fish phathogen and antioxidant effect. Also, the effects of feeding frequency on the growth of 
the stone flounder (Kareius bicoloratus) increased the mean weight and length gain and specific growth rate 
than that of the feed without TmLAB, which could promote feed intake of fish as decompose by enzyme activity 
as protease, lipase and cellulase of LAB. These results may indicate that TmLAB is a nutritionus and acceptable 
feed substitues including antibacterial effect, with comparable digestibility values such as fish meal, soybean 
meal, and/or other feeds. 
*This work was partly supported by the Korea IPET through future food technology development program, 
funded by MAFRA (119027). 
  
Keywords : Tenebrio molitor , Lactic acid bacteria, Bioconversion 
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 P0406   Detection of Biogenic Amines Using Gold Nanoparticles and Carbon Disulfide 
  

Namhyeok CHOI, Bunjun PARK, Min Ji LEE, Yun Suk HUH 
Department of Biological Engineering, Biohybrid Systems Research Center (BSRC), Inha University, Incheon, 
Korea 
Corresponding Author Email : yunsuk.huh@inha.ac.kr 
 
Biogenic amine (BA)s are basic amine compounds generated by microorganisms through free amino acid 
decarboxylation of decarboxylase. Human consumption of excessive levels of biogenic amines can cause 
allergic reactions or disorder of metabolism. Generally, Raman, LS/MS, and GC/MS are used to detect BAs. 
These methods have high selectivity, sensitivity, and accuracy but, due to the high costs, detection time and 
professionality, difficult for the public to use. So, in this study, Using organic chemical features of Gold 
nanoparticles, carbon disulfide, a colorimetric sensor is developed for rapid, cost-effective and easy-to-use 
detection of BAs. 
 
Keywords : Biogenic amine, Gold nanoparticles, Carbon disulfide 
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 P0407   Production of the 4-Dihydroxy-2-Naphthoic Acid, a Bifidogenic Growth Stimulator by Weissella 
sp in Protaetia brevitarsis 
  
JuYeong CHOI, HyunSol JO, SunMee HONG 

Dep. Research and Development, MIRE, Uljin, Korea 
Corresponding Author Email : hongsunmee@mire.re.kr 
 
The purpose of this study was to confirm 1,4-dihydroxy-2naphthoic acid (DHNA) production by fed-batch 
culture of Weissella paramesenterodes (Wp) in Protaetia brevitarsis (Pb) fermentation. DHNA is a precursor of 
menaquinone (MK) and is transformed to menaquinone (MK) by combination with an isoprenoid unit. Carbon 
is an important source of nutrients in DHNA production using Wp. This suggests that carbon source metabolism 
participated in the syntheses of these products in Pb fermentation. Also, the supernatant of fermented Pb 
produced by Wp presented the bifidogenic growth stimulator (BGS) activity. Conversion of DHNA to the 
membrane-bound demethylmenaquinone is an important reaction in menaquinone biosynthesis. We was cloned 
the men C, E, and H genes encoding this enzyme and was produced in BmN cells by Baculovirus and 
investigated effect of DHNA production as BGS. We expected that this men enzyme would promote production 
of DHNA in Pb fermentation by Wp and also, DHNA-enriched Pb could be developed as feed or food with 
regulating agent its microbiota. 
**This work was partly supported by the Korea IPET through future food technology development program, 
funded by MAFRA (119027). 
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 P0408   Development of High Value-added Medical Food that Improving Targeted Anticancer Effect 
and Manufacturing Processes 

 
Kyeong HWANGBO1, Young-Seon KIM1, Min-Kyoung LEE1, Sang-Yun LEE1, Ji-Hong LIM2,3, Woo-Jong 
YIM1 
1Jung-Ang Microbe Research institute(JM), Cheongju, Korea, 2Integrated Bioscience, College of Biomedical & 
Health Science, Konkuk University, Chungju, Korea, 3Diabetes and Bio-Research Center, Konkuk University, 
Chungju, Korea 
Corresponding Author Email : ywj0808@naver.com 
 
Jung-ang microbe research institiute (JM) successfully conducted a study that can amplify the emodin obtained 
from natural products by about four times based on microbe bio-conversion, and JM developed medical food to 
commercialize it. Medical food, as one of the sub categories of special purpose foods, refers to food prepared 
and processed for patients whose ability to consume, digest, absorb, for metabolize normally is limited or 
damaged or who have physiological different nutritional requirements. Aloe, used for extracting emodin, 
contains anthraquinone compounds which is limited to including less than 30mg by its toxicity. Through the in 
vivo toxicity test, the concentration of emodin was set which HCC cells apoptosis, and set the daily intake of 
emodin to adult standards. Absorbance analysis, reagent analysis, toxicity test, and histopathological examina-
tion were conducted to ensure the stability of products and to contain adequate nutritional requirements as a 
medical food. As a result, there were no fatalities in the toxicity test, no abnormalities were observed in animals, 
and the nutritional content was also compliant with the medical food standards. Overall, JM developed a special 
medical food and succeeded in commercializing it. And as a follow-up to this study, we are conducting research 
on medical foods that are effective in cancer cachexia. 
 
Keywords : Medical food, Emodin, Aloe, Microbe bio-conversion 
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 P0409   Characterization of Protein Hydrolysates of Porcine Whole Blood for Extraction of Valuable 
Amino Acids 
  

Seonghun KIM1,2 
1Jeonbuk Branch Institute, Korea Research Institute of Bioscience and Biotechnology (KRIBB), Jeongeup, 
Korea, 2Department of Biosystems and Bioengineering, KRIBB School of Biotechnology, University of Science 
and Technology(UST), Daejeon, Korea 
Corresponding Author Email : seonghun@kribb.re.kr 
 
Animal bloods are agricultural byproducts in meat processing industries. Although the tons of blood wastes is 
not utilized and disposed, it could be a potential bioresource for recycling raw materials or for conversion into 
useful products of higher value products. In this study, we investigated the enzymatic treatment of porcine 
whole blood for extraction of valuable amino acids. Porcine whole blood was hydrolyzed by endo- and exo-
protease cocktails. After the enzymatic hydrolysis, the crude hydrolysate was filtrated through activated carbon 
column to remove dark red color and Maillard reaction products. The filtrant was formulated to dried powder 
form to analyze the content of free amino acids and sugar compounds. The low molecule compounds analysis 
revealed the blood hydrolysate contained higher contents of branched chain and acidic amino acids rather than 
other amino acid groups. In addition, the sugar content analysis showed monosaccharide sugars consisting of O-
glycans attached to porcine red blood cells. Non-residual antibiotics dominantly used in livestock were not 
detected by enzyme-linked immunosorbent assays (ELISAs) for analysis of antibiotics in the blood hydrolysate. 
However, the 16S rRNA or 18S rRNA based metagenomic analysis of microbial communities in the prepared 
hydrolysates revealed many bacteria species dominantly belonging to proteobacteria, firmicutes, and bacteroi-
detes phylum, but it could not detect any yeast and fungi. This analytical data could contribute the potential 
utilization of a blood byproduct for valuable compounds as a bioactive supplementary and ingredient in food or 
cosmetic products.  
** This work was supported by Korea Institute of Planning and Evaluation for Technology in Food, Agriculture, 
Forestry and Fisheries (IPET), funded by Ministry of Agriculture, Food and Rural Affairs (MAFRA) 
(1545021966). 
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 P0410   Effect of Dietary Gamma Aminobutyric Acid Supplementation on the Performance of Lactating 
Sows and Their Piglets 
  

Keun-tae PARK, Yong-jae JEON, Mihyang OH, Seung-won PARK, Yi-Joon KIM, Jong-kwon HAN 
Milae Bioresource Co. Ltd., Seoul, Korea 
Corresponding Author Email : jkhan@milaebio.com 
 
Stress in livestock environments significantly affects productivity. Prolonged stress can challenge immune 
competence in animals, which can increase susceptibility to infectious  diseases and reduce growth, produc-
tivity, and the reproductive potential of livestock. In the case of lactating sows, when the room temperature 
increases by 2°C above the optimum temperature, sow respiration increases 30 times per minute, and feed intake 
decreases rapidly, resulting in a decrease in milk production. Newborn piglets (suckling piglets) should be kept 
at a minimum temperature of 35°C, and if they feel cold, they lay flat and lie down. When the temperature of the 
environment decreases below the appropriate temperature, the energy of the piglets is used to keep body 
temperature high, and productivity, such as growth rate, is greatly reduced. Gamma-aminobutyric acid (GABA) 
is a ubiquitous non-protein amino acid and its presence has been shown in bacteria, plants, and vertebrate. 
GABA is defined as an inhibitory neurotransmitter in the central nervous system and has various positive effects 
on mammalian physiology, including reducing blood pressure, relieving anxiety, and enhancing immunity. 
In this experiment, GABA was added to the feed to counteract the effect of environmental stress on lactating 
sows and newborn piglets and to inhibit the stress related physiological changes that occur when pigs are moved 
after weaning. The purpose of this study was to evaluate the growth and blood characteristics of pigs under there 
experimental conditions. 
  
Keywords : gamma aminobutyric acid, piglet, lactating sow , feed additive 
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 P0411   Characterization of Wickerhamomyces anomalus Isolated from Nuruk 
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Corresponding Author Email : mdkim@kangwon.ac.kr 
 
Nuruk is a traditional Korean fermentation starter used to produce alcoholic beverages such as Takju, Cheongju, 
and Soju. The starter, made from grains, contains various microorganisms, including fungi, yeast, and lactic acid 
bacteria. Wickerhamomyces anomalus is a yeast known to produce aroma components such as ethyl acetate and 
2-phenylethanol. Many studies have been conducted to apply it to alcoholic beverages such as wine and Baiju. 
The W. anomalus MBY2396 was isolated from nuruk, and stress tolerance of the strain was compared with W. 
anomalus KCTC27761 and Saccharomyces cerevisiae. The strain grew in the medium containing 5% KCl, 5% 
NaCl, 1 M sorbitol, 40% sucrose, 40% glucose, and 40% fructose, respectively, and showed similar tolerances 
to W. anomalus KCTC27761. The S. cerevisiae showed lower tolerance than the W. anomalous strains in the 
osmotic stress but showed superior growth under high temperature (40°C). 
  
Keywords : Wickerhamomyces anomalus, Nuruk, stress-tolerance 
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 P0412   Sensory Evaluation and Consumer Acceptability of Roasted Wild-rice Tea with High 
Antioxidant Activity 
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The objectives of this study were to 1) develop roasted wild-rice tea with high antioxidant activity and 2) 
determine how well consumers accept the developed tea. Wild-rice leaf samples were roasted at temperatures 
ranging from 175 to 250 °C for 3 min. After roasted, the contents of total phenols and flavonoids, and 
antioxidant activity of tea infusions were determined. The result exhibited that effect of the roasting temperature 
on antioxidant activity of wild-rice tea was relatively significant in each sample. The roasting temperature 225 
°C revealed the highest antioxidant activity (73.9% DPPH radical scavenging activity). Also, five different types 
of wild-rice tea were prepared at various mixing ratios of wild-rice body parts as follows: the mixing ratios of 
wild-rice grass and grain were at 10:0, 9:1, 8:2, 7:3 and 6:4. With these five prepared teas, sensory evaluation 
was performed to find out consumer acceptability. The result of the sensory evaluation and consumer 
acceptability indicated that consumers preferred the sample at the mixing ratio of 10:0. 
  
Keywords : Sensory evaluation , Consumer acceptability , Roasted Wild-rice , Antioxidant Activity 
  

334



Exploring the Upcoming Challenges in Biotechnology2020 한국생물공학회 추계학술발표대회 및 국제심포지엄: Hybrid-컨퍼런스

2020 KSBB Fall Meeting and International Symposium: Hybrid Conference

 
 
 
 
 
 
 
 

 
 
 
 

 

  

에너지 및 환경생물공학 

(Energy and Environmental 

Biotechnology) 

335



Exploring the Upcoming Challenges in Biotechnology2020 한국생물공학회 추계학술발표대회 및 국제심포지엄: Hybrid-컨퍼런스

2020 KSBB Fall Meeting and International Symposium: Hybrid Conference

 P0504   Biodegradation of 3D Printed Prototypes Made of Bio-Petrochemical Plastic Blend Filaments in 
Nature Aqueous Environment 
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Corresponding Author Email : jjaimyung@kaist.ac.kr 
 
The bioplastic industry is rapidly growing to resolve the global plastic waste crisis, but low processability and 
physical strength hinder the expansion of its applications. The 3D printer is highly versatile as it can formulate 
complex shapes using diverse filaments. The granular pellets of bioplastic (polylactic-acid (PLA), polyhydro-
xybutyrate (PHB)), and petroleum-based plastic (polyethylene (PE), polypropylene (PP)) were mixed in 
different ratio and extruded into blend filaments. The physicochemical properties (13C NMR, SEM, DSC, tensile 
strength), as well as the biodegradability in the natural aqueous environment (aerobic freshwater, anaerobic 
freshwater, marine environment) of the 3D printed prototypes manufactured using the blend filaments were 
analyzed. The prototypes from bio-petrochemical blend filaments created a synergetic effect over the ones with 
single-source filaments, showing improved processability and physical strength. Biodegradation was accelerated 
when the ratio of PLA or PHB was high, and the microbial species responsible for the polymer depolymeri-
zation dominated the microbial community rapidly in all biodegradation tests.  
 
Keywords : Microorganism, Polymer, Bioplastic, 3D Printer, Biodegradation 
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 P0505   Recycling of Polyhydroxybutyrate (PHB) through the Combination of Catalytic Pyrolysis and 
Metabolism 
  

Sumin LEE, Shinhyeong CHOE, Yujin KIM, Jaewook MYUNG 
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Corresponding Author Email : jjaimyung@kaist.ac.kr 
 
Tremendous amount of plastic waste generated in the world is often not treated properly. As the rate of the 
recycling of plastics requires time-consuming efforts, improving the efficiency of plastic recycling has been 
intensively researched. Bioplastics are one of the environmentally friendly alternative to conventional plastics 
being developed, however, the recycling strategy has yet been developed so far. to In this study, the recycling of 
polyhydroxybutyrate (PHB), one of the most extensively studied bioplastics, was conducted in two steps. First, 
base-catalyzed PHB (PHB/[A], [A] = Ca, Mg, K) was abiotically depolymerized via hydrolysis or pyrolysis. 
The result indicates that a high selectivity of PHB into 3-hydroxybuyrate (3HB), trans-crotonic acid (CA) was 
achieved. Secondly, microbial enrichment obtained by seeding activated sludge from a local wastewater 
treatment repolymerized abiotic depolymerization products to PHB (molecular weight > 900,000 Da) at > 40% 
cell dry weight. The microbial community analysis results indicated that Pseudomonas was the major genus 
responsible for the repolymerization process. 
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Microalgae have received increasing attention for their potential to convert CO2 into valuable products. For the 
realization of microalgal technologies, it is necessary to screen superior microalgal strains for enhanced biomass 
productivity. To isolate the fast-growing strains, we developed density-based screening platform for separating 
cells encapsulated in magnetic microdroplets. In the application of magnetic field in the perpendicular direction 
to the flow of droplets, they could be attracted toward the magnet with different acceleration based on the 
density. Consequently, the 91.90% of empty, 87.12% of low, and 90.66% of high-density droplets could pass 
through the outlet 1, 2, and 3, respectively. These results demonstrated that microdroplets of different densities 
can be efficiently separated by magnetic force, suggesting the potential of microdroplet with magnetophoretic 
system as a platform for high-throughput screening of fast-growing strains. 
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Food waste oil (FWO) is the most suitable raw material for the economic biodiesel (BD) production, owing to 
its low price, sufficient supply, and waste disposal solution. However, water in the FWO inhibits biodiesel 
production by Candida antarctica lipase B (CALB), a representative BD production lipase, which must be 
overcome. Here, we developed a mutant lipase CALB1422 carrying water-tolerance, facilitating direct 
conversion of BD from low-quality feedstocks such as FWO. It was constructed by directed evolution, and was 
secreted massively via the yeast translational fusion partner technique. During fed-batch fermentation, 85,000 
U/L CALB1422 was secreted into culture media. The CALB1422 was immobilized onto a porous methacrylic 
resin, and the immobilized lipase showed 96.7% and 77.0% BD conversion rates for soybean oil containing 2% 
and 8% water, respectively; Novozym 435 was inhibited to 32.4% in the presence of 2% moisture. From crude 
FWO containing 1.48% water and 18.2% free fatty acids, and impurities, 68.1% BD was converted by the 
biocatalyst. The BD production yield exceeded 2.0 L/g of immobilized CALB1422 through 250 cycles. Refining 
increased the BD content to 97.3%, which it passed fuel specifications. We demonstrated a practical, efficient, 
and eco-friendly BD production method, using water-tolerant mutant-lipase from low-quality feedstocks. 
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Polyhydroxyalkanoate (PHA) is bio-degradable plastics to replace petroleum based, and which made from 
renewable biomass has interest. In this study, one-pot fed-batch based on C/N ratio balance regulation was used 
throughout all scales for PHA production. As a result of culturing Pseudomonas putida with glucose, C/N ratio 
of feeding solution (total w/w: 3% glucose, 0.2% ammonium chloride) for biomass production was determined 
as 15:1, result in 12.5 g/L of biomass production in maximum. For PHA production, C/N ratio of feeding 
solution has changed 150:1, which was added after maximum biomass production, result in 58.6% of PHA 
content and 0.33 of PHA yield (PHA g/glucose g). In 50 L scale fermentation, biomass has reached on 10.5 g/L, 
16% lesser than 5 L scale, while PHA content has increased up to 62%. In addition, pH, dissolved oxygen, 
agitation and organic acids were monitored during all period, figured out that dissolved oxygen ratio has much 
effect on cell growth and PHA accumulation in 50 L scale fermentation. These results suggest that application 
of one-pot feeding strategy can enhance the productivity of PHA and reduce additional cost by two-phase 
fermentation. 
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Adsorption-based techniques are applied to remove various pollutants in environment. However, those methods 
are likely to be toxic on the ecosystem by substances leaking from the sorbent. Therefore, environmental 
assessment of substances by sorbent is necessary. Bamboo-derived biochars and magnetite (Fe3O4) 
nanoparticles were prepared and used to synthesis of Fe(III)-doped activated biochar. Daphnia magna which is 
the most frequently studied organism to toxic chemicals due to its freshwater habitats were raised with different 
concentrations of sorbents. To investigate the potential effect of oxidative stress in D.magna by sorbents, level 
of ROS/RNS, and amount of GSH, activity of SOD and mitochondrial complex I to IV were measured. As a 
result, groups treated at relatively low/medium-concentration of sorbent show increased level of ROS/RNS than 
control. Moreover, activity of SOD was inhibited and the level of GSH was significantly reduced upon sorbent 
treatment. Also, activity of complex III exhibited significantly decreased in concentration-dependent manner. It 
demonstrates that sorbent paralyzes the antioxidant system and also affects the function of mitochondria of the 
D.magna. 
  
Keywords : Adsorbent, Environmental assessment, Daphnia magna, Antioxidant mechanism 
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Mixotrophy (M) assumes sum of autotrophic (A) and heterotrophic (H) growths. In this study, a novel split-
mixotrophic cultivation strategy (SMCS) developed as better mixotrophy via offering mutual-benefits through 
gas-exchange at both headspaces while splitting both trophic modes. To quantify synergistic-growth effects in 
combined-autotrophy and combined-heterotrophy (CA&CH) of SMCS, gross O2-evolution, DIC and DO 
concentrations were compared with A, H and M. Average 12–14% and 26–32% increase in DIC and DO 
concentrations were determined respectively in CA and CH than A, H and M. Biomass yield in CA + CH was 
increased approx.1.5-folds higher than yields of A + H and M regimes. These results show SMCS as better 
cultivation strategy than the M by increased biomass and lipid yields. Challenges associated with organic carbon 
can be solved by SMCS viz. chlorophyll loss, organic carbon uptake inhibition. SMCS could be a breakthrough 
to integrate bacterial process with algae for better bioprocess economy and energy recovery. 
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A microbial fuel cell (MFC) is an environmental system that produces electrical energy from organic 
wastewater using electrochemical active biofilm on the anode electrode. An MFC application for wastewater 
treatment requires inexpensive materials, where electrode costs account for a significant portion. For this 
purpose, a simple, durable and high performance electrode structure is required. Various materials and anode 
structures have been applied to enhance 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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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 installed horizontally or vertically to the 
cathode. The number of 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 electrode 
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. As the distance between the anode and the cathode is longer, the ion transport for electricity 
generation is more retarded, which increases diffusion resistance and decreases electricity production. Thus, an 
anode located farther from the cathode may have a worse performance due to the larger diffusion resistance. For 
this reason, in a multiple anode set, different distance between an anode and a cathode can cause different anode 
performances. However, in a cyclic voltammetry test, current production was substantially increased when the 
third or the four brush anodes were introduced in the both arrangements. Compared with one anode, current 
production increased by 200% in H4 and by 205% in V4. The external power supply from the potentiostat could 
attenuate diffusion resistance and increase current generation. Suggesting anode installation methods to improve 
cell performance: i) install a multiple anode set in the horizontal direction along the cathode. ii) install anodes in 
the second horizontal direction at a further direction in MFC. iii) install anodes in both horizontal and vertical 
directions with a controlled anode potential. 
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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, physicoche-
mical modified activated carbon (AC) catalysts and platinum were tested for performance and electrochemical 
characterization in an MFC under the same condition, potentially to replace expensive platinum catalysts. 
Comparing with a maximum power density of a platinum-coated cathode (976 mW/m2), a Co-N-C/AC cathode 
made with activated carbon doped with cobalt and 1,10-phenanthroline at 800 ℃ produced 1,526 mW/ m2 in 
the MFC condition, which was 56% higher than the Pt-coated cathode. A 500AC cathode made with heat-
treated activated carbon at 500 ℃ produced 1,394 mW/m2 and non-treated activated carbon cathode (Plain 
AC) produced 1,014 mW/m2. The tested activated-carbon electrodes showed electrochemical performance and 
power production superior to the Pt-coated cathode. Electrochemical performance of cathodes was increased as 
more physico-chemical treatments were added to activated carbon catalysts. Cathode impedance results showed 
that enhanced electrochemical performance was attributed to decrease of cathode charge transfer resistance, 
possibly due to the physical-chemical modification of activated carbon and the catalyst change. 
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In microbial fuel cells (MFCs), to obtain accurate and reproducible experimental results, it is important to 
determine the ‘anode maturation time’. In this study, four single-chamber MFCs were tested to know when the 
cell can produce stable and maximum performance. According to the linear sweep voltammetry (LSV) polari-
zation tests, three MFCs could obtain stable maximum power densities after 9 weeks. Average maximum power 
densities from the 9th to the 17th week were highest in MFC-4 (2990 mW/m2), followed by MFC-2 (2983 
mW/m2), MFC-3 (2368 mW/m2) and MFC-1 (837 mW/m2). Polarization resistance showed that MFC-1 had 
much larger anode resistance (36.6-85.4 Ω) than the other MFCs (1.7-11.6 Ω). Possibly due to the bad 
inoculation, MFC-1 showed the lowest performance with the highest anode resistance. Anodic cyclic 
voltammetry (CV) showed that current production increased by time and MFC-1 had much smaller current 
production (17.09 mA) than the other MFCs (21.73 - 24.44 mA) in the 17th week. Current production 
enhancement indicated anode biofilm became more mature by time, but overall cell performance did not 
increase accordingly. However, in the 17th week, anode resistance of MFC-1 was reduced by 47%, resulting in 
cell performance improvement. This study showed that the stable cell performance of a single chamber MFC 
with a brush anode was 9 weeks. Nevertheless, anode needed more than 17 weeks to attain the mature state. 
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Microbial fuel cell (MFC) is an innovative environmental and energy system that converts 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 develop-
ment of MFC technology, however, understanding of its electrochemical characterization is still insufficient. 
The main reason is that its electrochemical analysis is very difficult due to the complex nature of the anode 
biofilm, which is a key to generating electricity. In this experiment, the influence of the measurement potential 
of impedance and the scanning rate for polarization curve on the MFC electrochemistry was investigated. The 
experiment was performed after stabilizing the system for accurate measurement. Unlike the previous batch tests 
showing the lowest anodic impedance at -400 mV vs. Ag/AgCl, the anodic impedance decreased and the current 
production increased as the anode potential increased up to +5.7 mV vs. Ag/AgCl in the continuous flow MFC. 
The polarization curves were produced at two scanning rates (1 and 0.1 mV/s) in a continuous mode, and those 
electrochemical data were comparatively analyzed. The rapid scan rate has the advantage of being able to collect 
data in a short time, but the measured data differs from the performance value when operating the MFC with a 
constant external resistance. When it is difficult to maintain a steady state for a long time in an MFC, it will be 
possible to produce polarization curves in a short time with a faster scanning rate. When performance analysis is 
needed, the comparative analysis would be possible among the data at different conditions through extrapo-
lation. 
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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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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 perfor-
mance. The performance of the carbon felt anode was compared using titanium wire and stainless steel mesh as 
a current collector. In the IV polarization test, maximum power density, maximum current density and optimum 
current density were 33%, 34% and 30% higher in CF-M (2,311 mW/m2, 16,815 mA/m2 and 7,651 mA/m2) than 
CF-W (1,737 mW/m2, 12,566 mA/m2 and 5,874 mA/m2), respectively. However the stainless steel mesh used as 
a current collector of CF-M inhibits microbial growth and adhesion on the carbon felt and reduces mass transfer 
because it decreases the surface area of carbon felt. Therefore, when using stainless steel mesh as a current 
collector, it should be used in consideration of the problem of microbial adhesion. 
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 P0518   Reproducibility Evaluation of Linear Sweep Voltammetry Tests of Electrodes in Microbial 
Electrolysis Cells 

 
Hyungwon CHAI, Sokhee JUNG 
Department of Environment and Energy Engineering, Chonnam National University, Gwangju, Korea 
Corresponding Author Email : sokheejung@chonnam.ac.kr 
 
Microbial electrolysis cells (MECs) are a promising environmental system performing simultaneous organic 
waste stream treatment and producing valuable products. Electrode is a key component in a microbial electro-
lysis cell (MEC) and it needs significant improvement for practical implementation of MEC. For effective 
development of electrode technology, accurate and reproducible analytical methods are very important. Linear 
sweep voltammetry (LSV) is an essential analytical method for evaluating electrode performance; however, it 
has not been firmly established yet in the MEC field. In this study, biological brush (BB), abiotic brush (AB), Pt 
wire (PtW), stainless steel wire (SSW) and mesh (SSM)) were tested to explore the most suitable counter 
electrode in different medium conditions. Coefficient of variation (CV) for Imax of LSV was comparatively 
analyzed. In BB-anode LSV, SSW (0.48%) and SSM (2.17%) showed higher reproducibility as a counter 
electrode. Reproducibility of anode LSV test was good in stainless steel wire and mesh as counter electrode. In 
SSM-cathode LSV, BB (1.76%) and PtW (2.01%) produced more reproducible results. In the Ni-AC-SSM-
cathode LSV, PtW (3.54%) and BB (8.81%) produced more reproducible results. It shows electrode used in the 
operation is an appropriate counter electrode in the acetate-added condition. However, in the absence of acetate, 
PtW (1.24%) and BB (1.71%) produced more reproducible results in SSM cathode and PtW (0.61%) and SSW 
(1.21%) did in the Ni-AC-SSM-cathode, showing PtW is an appropriate counter electrode. This is because Pt is 
not electrochemically polarized as a counter electrode in the cathode LSV test. Reproducibility evaluation 
results in this study suggest that counter electrodes can be set according to the various conditions in anode and 
cathode LSV test. 
 
Keywords : Microbial electrolysis cell, Linear Sweep Voltammetry, Coefficient of variation, Counter electrode 
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 P0519   Evaluation of Bio-additives for Mitigation of Harmful Gas Emissions from Livestock Manure 
Management 
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Livestock waste is an influential source of unpleasant odors, harmful gases, pathogens, and causing air, water, 
and soil pollution in ecosystem. A new legislation by the government of Republic of Korea have been passed on 
March 25, 2020, setting standards for improving the manure management and developing quality of livestock 
manure compost. Therefore, a study was performed for developing a bio-additives composting agent that has 
high ability in reducing harmful gas emissions from animal manure management. In this context, in the present 
study, five microbes (Bacillus zhangzhouensis, Bacillus stratosphericus, Bacillus sp., Bacillus amylolique-
faciens, Bacillus methylotrophicus, and Paenibacillus barcinonensis) were analyzed for their effectiveness as 
bio-additive composting agent for reducing harmful gas emissions from manure. Consequently, enzyme activity 
such as, protease, amylase, and cellulase were carried out for each organism and results showed that B. 
amyloliquefaciens strain had high amylase activity, whereas, B. zhangzhouensis strain had high protease 
activity, and P. barcinonensis had high cellulase activity, respectively. Additionally, mitigation of gas emissions 
of ammonia (NH3) and amine were carried out for test (microbes treatment (OD600nm = 2)) and control (no 
treatment) from the swine manure. The results suggested that, three organism B. stratosphericus, B. amy-
loliquefaciens and P. barcinonensis showed reduction of NH3 and amine gas emissions by (25%; 0 and 25%) 
and (23%; 25% and 37%), respectively. Accordingly, these three strains consisting of heat resistance, well 
enzyme activity and odor reduction characteristics were selected for further studies. Subsequently, for mass 
culture and treatment, parameters such as pH, temperature and aeration will be studied further with 5L jar 
fermenter.    
  
Keywords : Manure management, Odor reduction, Ammonia, Enzyme, Compost 
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 P0520   Study of Insect Odorant Receptor and Pheromone 
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The olfactory nervous system recognizes and distinguishes many different chemicals in the general living 
environment. Insects have evolved a group of odorant-gated ion channels composed of highly-developed olfac-
tory receptors capable of distinguishing and distribution between various chemicals with symbolic or evasive 
specificities. Recently, aphid genomes related to olfaction, including olfactory receptors and proteins, have been 
identified and olfactory receptors have been reported that are differentially differentiated from Drosophila. The 
genome of the olfactory receptor has a very conservative sequence and a systematic signaling system. A 
representative receptor, odorant-gated ion channels comprised of a highly conserved co-receptor (Orco) has a 
homotetramer channel structure with four subunits arranged symmetrically around the central hole. It has a very 
similar structure to the 7-transmembrane receptor present in the human body and has a very similar structural 
form and gating mechanism to receptors of neurotransmitters. 
In this study, whole cell voltage clamp recording was performed with cell expression system of OR65 gene, 
which is a subtype of olfactory receptor isolated from Drosophila. After the successful expression of this 
receptor, microbial culture extract of microorganism, a harmful insect inducer, was used to investigate whether 
olfactory receptor activity was regulated. The activity of the receptor was confirmed in the recording media 
diluted 10,000 times with the microbial culture extract. 
Therefore, it is possible to identify attractant or repellent substance using the olfactory receptor activity 
regulating system of insects. Through this study, new attractant shows the attracting phenomenon by activating 
insect receptor OR65, The results of the scientific analysis of the performance of the extracts are presented. 
  
Keywords : olfactory nervous system, insect attractants, olfactory receptors 
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 P0522   Derivation of Predicted No Effect Concentration (PNEC) for Florfenicol : Using Acute Toxicity 
Test and Species Sensitivity Distributions (SSD) 
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Florfenicol is a medicinal substance used to treat animals and it can have adverse effects from exposure to the 
environment. However, related study is not yet sufficient. In this study, an acute toxicity test was conducted to 
find out the effect of Florfenicol on aquatic organisms. algae(Pseudokirchneriella subcapitata), water flea 
(Daphnia magna) were used. we performed according to OECD TEST GUIDELINES. HC5(Hazard con-
centrations at the 5% species) was derived using SSDs based on the toxicity data through the experiment. The 
EC50(Half maximal effective concentration) of algae and water flea were calculated using the statistical 
program BMDS 3.1, and the values were respectively 3.90 mg/L (72hr-EC50) and 345.17 mg/L (48hr-EC50). 
As a result of applying AF(Assessment Factor) 1000 to EC50 of algae(lowest value), PNEC was 0.0039mg/L. 
The ETX 2.2 program was used to obtain HC5 value and SSD graph. HC5 value was 0.41 mg/L and PNEC with 
AF 5 was 0.083 mg/L. In this study, PNEC using the SSD is shown to be 20 times higher than the PNEC using 
the EC50. 
  
Keywords : Florfenicol, Toxicity, Predicted No Effect Concentration (PNEC), Species Sensitivity Distributions 
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 P0523   Comparison of Predicted No Effect Concentrations (PNEC) for Acetaminophen in Freshwater 
Organisms Using Acute Toxicity Test and Species Sensitivity Distributions (SSD) 
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Acetaminophen(Paracetamol), one of the medicines, is released into the water ecosystem through various routes 
can adversely affect the environment. In this study, in order to find out the effect of acetaminophen on the water 
system, PNEC of acute toxicity test and PNEC of SSD were derived and compared. In case of acute toxicity 
test, algae(Pseudokirchneriella subcapotata) was tested according to OECD Test No.201 and the 96hr-EC50 
was 151.5 mg/L. Water flea(Daphnia magna) was tested according to OECD Test No.202 and the 48hr-EC50 
was 48.3 mg/L. Fish embryos(Danio rerio embryos) was tested according to OECD Test No.236 and the 96hr-
EC50 was 311.5 mg/L. Based on these data, PNEC calculated by applying the AF(Assessment Factor) 100 with 
Lowest EC50 of water flea was 0.483 mg/L. In case of SSD, it was created using the ETX 2.2 program 
developed by RIVM with the data of QSAR. The HC5(Hazardous concentration for 5% of species) derived from 
the SSD graph was 24.2 mg/L. As a result, PNEC calculated using the HC5 with AF 5 was 4.84 mg/L. In this 
study, the value of PNEC from SSD was about 10 times higher than that from the acute toxicity test. 
 
Keywords : PNEC(Predicted No Effect Concentrations), Acetaminophen, SSD(Species Sensitivity Distributions) 
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 P0524   Study on the Species of Microalgae and Environment Conditions that Cause Water Bloom in 
Geum River for Waste Water Treatment 
  

Dae Geun KIM 
Chonbuk national university, Iksan, Korea 
Corresponding Author Email : aings@naver.com 
 
Microalgae are primary producers of water that remove nutrients through photosynthesis. The fertilizer 
component that has flowed from the surrounding agricultural facilities is the main cause of water bloom, and at 
the same time, it is possible to predict the pollution around the water by seeing it form. The water bloom appears 
to be the same with the color of the water changing from green to outside, but biologically, other types of 
microalgae often prosper. In addition, if these results are used, it is thought that the fertilizer component 
introduced from the outside can be effectively controlled in the river. Therefore, in this study, we conducted a 
study on the major causative organisms and microorganisms of water bloom in geum river. As a result, it was 
confirmed that different kinds of microalgae flourished according to the seasons of spring, summer and autumn, 
and the kinds of microorganisms that flourished together were also different. It was possible to effectively 
remove nutrient and heavy metals present in the water by utilizing these microalgal communities. 
 
Keywords : microalgae, eutrophication, water treatment 
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 P0525   Production of Biogenic TiO2 Diatoms and Photocatalytic Degradation 
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Multi-dimensional TiO2 nanostructures have been of great interest for various applications. Biogenic TiO2 
diatoms can be prepared by metabolic incorporation of TiO2 on the frustule surface of the diatoms. Biogenic 
TiO2 has efficient photo-activity, high stability, lonw toxicity, and can be produced at low cost. To utilize the 
photocatalytic activity of biogenic TiO2 for practical applications, high production of TiO2-deposited diatoms is 
required. Here, we evaluated the growth rate and biogenic TiO2 production of several domestic diatom species. 
Among the tested diatoms, Caloneis schroederi (CS) showed high biomass production (4.01 g/L) in a two-stage 
cultivation system and proper exoskeletal rigidity for efficient production of biogenic TiO2. The dry weight of 
the TiO2-deposited CS frustules (biogenic CS-TiO2) was 4.52 g/L. Biogenic CS-TiO2 showed significant 
photo-catalytic degradation of Congo Red in water with an efficiency of 27.8%, which is higher than that of 
standard TiO2 (17.4%). In addition, chloroform could be removed from water through the photo-catalytic 
activity of biogenic CS-TiO2 (91%). Therefore, the biogenic CS-TiO2 developed in this study can be utilized 
for the treatment wastewater contaminated with pollutants. 
 
Keywords : Diatom, Biogenic TiO2, Caloneis schroederi, Two-stage culture, Photo-catalytic activity 
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 P0526   Production of Itaconic Acid Using Metabolically Engineering and the Effect of Myo-inositol in 
Corynebacterium glutamicum 
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Itaconic acid is recently produced commercially by Aspergillus terreus. However, in various studies, it is 
difficult to improve the productivity of itaconic acid due to the fermentation properties of fungi. On the other 
hand, itaconic acid production has been attempted in E coli or Corynebacterium, but the synthetic application 
has revealed limitations. In this study, we tried to biosynthesize itaconic acid from Corynebacterium 
glutamicum ATCC 13032 through genetic engineering. For this, the CAD gene was cloned from Aspergillus 
terreus under the strong sod promoter. . Furthermore, we attempted to directly increase itaconic acid production 
by increasing the copy number of the cad gene. Also, when myo-inositol and glucose as carbon sources was 
used together to produce itaconic acid, the average productivity simulated. Finally, in order to increase the 
productivity of itaconic acid, a Full-factorial design(FFD) was applied using a statistical program. Response 
surface method was used to optimize the concentration of the production medium. Further studies are intended 
through fementation. 
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 P0527   A Non-PTS System for Cis,cis-muconic Acid Production in Corynebacterium glutamicum 
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Cis,cis-muconic acid (MA) is a valuable microbial product that can be used for the application of plastics and 
polymers. MA is particularly gaining attention as a precursor for the synthesis of nylon-6,6. To improve the 
CCM productivity, a phosphoenol pyruvate (PEP)-dependent phosphotransferase system (PTS) system was 
developed. To improve glucose uptake, we developed P25 strain, in which iolR (a transcriptional regulator gene) 
was additionally deleted. Strain P28, a P25 derivative expressing PCA decarboxylase produced 4.01 (g/L) of 
CCM, which was 14% more than the parental strain. Particularly, the yield per glucose in strain P28 was similar 
to that of the fed-batch culture of E. coli, which has the highest reported yield of 22% (mol/mol). These results 
are underpinned by the characteristics of the non-PTS system with increased PEP availability and a strain with 
deletion of the iolR gene, which greatly increased glucose uptake. 
  
Keywords : Corynebacterium glutamicum, cis,cis-muconic acid, phosphotransferase system; carbon flux 
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 P0528   Corynebacterium Cell Factory Design and Culture Process Optimization for Muconic Acid 
Biosynthesis 
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Recently, Corynebacterium glutamicum, which is a gram-positive soil bacterium as amino acid producer, has 
been widely used in biorefinery industry. Cis,cis-muconic acid (MA), an unsaturated dicarboxylic acid, has been 
widely used for the production of industrial chemicals such as adipic acid (AA), terephthalic acid, caprolactam, 
food ingredients, and pharmaceuticals. MA was also produced using the Pseudomonas putida or P. sp strains, 
and using catechol, toluene, and benzoate as substrates. In this study, we tried to produce MA from glucose 
through aromatic amino acid biosynthetic pathway in C. glutamicum. Here, we have generated the engineered 
Corynebacterium cell factory to produce a high titer of MA through 3-dehydroshikimate (DHS) conversion to 
MA, with heterologous expression of foreign protocatechuate (PCA) decarboxylase genes. This redesigned 
Corynebacterium cell factory, grown in an optimized medium, produced about 3.5 g/L MA in flask condition 
 
Keywords : Corynebacterium glutamicum, Cis,cis-muconic acid, Cell Factory Design 
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 P0529   Mass Production of 1,3-propanediol by Optimization of Fermentation Process Using Klebsiella 
pneumoniae K101 Mutant 
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Glycerol is reported as a good carbon source that can be obtained at low cost as a major byproduct through the 
biodiesel industry. 1,3-propandiol is one of the building blocks that can be used as a moisturizer in the cosmetic 
industry. In this study, a study for mass production of 1,3-PDO was conducted. First, since the stability of the 
production strain is important in mass production, K. pneumoniae K101 strain was successfully selected through 
a screening program developed by our lab. Various parameters were tested through a 5L lab-fermenter. As a 
result, when the agitation speed was performed at 200 (rpm), the productivity of 1,3-PDO was obtained about 
45.4 (g/L). In addition, as a result of comparing the productivity of 1,3-PDO and cell growth rate, it was 
revealed that 1,3-PDO is a growth-associated product. Scale-up of constant oxygen mass transfer coefficient 
(kLa) was applied for a production of 1,3-PDO in a 50L fermenter. Various operating conditions were examined 
to collect as many kLa data as possible by adjusting stirring speed and aeration rate in 5L and 50L fermenter 
systems. Accordingly, we tried to find out the parallel agitation and aeration rates in the 50L fermenter system, 
resulting in almost equivalent value of kLa to that(0.02 sec-1). A fed-batch study was performed to increase 
productivity, and a high productivity of 90 (g/L) was obtained under pH 7.0, 2.0 (vvm), and high concentration 
of glycerol feeding. However, 2,3-BDO was produced as a high by-product of 66 (g/L). Finally, 1,3-PDO can be 
constantly produced during 5 repeated medium exchanges in repeated fed-batch culture. 
  
Keywords : Glycerol , pneumoniae K101, 1,3-PDO, Scale-up 
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 P0530   Enhance of CIP Process for Electrodialysis of 1,3-PDO Fermentation Broth 
  

Wooshik SHIN, Soonyoung JEONG, Jaehoon CHO 
Korea Institute of Industrial Technology (KITECH), Cheonan, Korea 
Corresponding Author Email : sws@kitech.re.kr 
 
Propanediol (1,3-PDO) is mainly used as a cosmetic moisturizer. The demand for eco-friendly natural raw 
materials for production of propanediol has increased owing to concerns about its production from petro-
chemical products, which are harmful to human skin upon direct contact. 
Electrodialysis (ED) is used to transport cation/anion ions from fermentation broth through ion-exchange 
membranes. However, with the continuous use of ED membranes, a CIP process is needed to address the 
efficiency reductions due to membrane fouling. CIP (Clean-in-Place) is a cleaning system that performs 
cleaning by spraying / circulating using cleaning agent without moving or disassembly equipment. 
Here, we researched the optimizing fermentation and CIP process in lab-scale for the production of PDO as a 
raw material for cosmetics derived from crude glycerol. 
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 P0531   Biohydrogen Production from Crude Glycerol by Enterobacter aerogenes 
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Biohydrogen could be considered as valuable and alternative energy carrier to fossil fuels. However, 
economically feasible large-scale biohydrogen production is essential for the replacement of fossil fuels with 
biohydrogen. Producing biohydrogen via fermentation is the most environmentally friendly and sustainable way 
of biohydrogen production but its efficiency needs to be much enhanced and its production cost should be 
significantly reduced. Thus, to make the sustainable, viable, and renewable biohydrogen production from 
biomasses possible, much research work should be focused on the standardization of the various operational 
parameters. Enterobacter aerogenes which was directly from crude glycerol. In order to achieve the best yield of 
hydrogen production, composition of the production medium was optimized statistically. The results of 
experiment designed by Plackett-Burman design showed that among the medium components, KH2PO4, 
glycerol, and peptone concentrations had significant influences on the hydrogen production yield. 
  
Keywords : Biohydrogen, crude glycerol, Enterobacter aerogenes 
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 P0532   Miniature Bioreactors (MTS) for Cell Culture Optimization in Corynebacterium glutamicum   
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Miniaturized bioreactor systems (MTS) are a method in order to efficiently obtain more scale down data than 
using flask cultivations. There are available miniaturized bioreactor systems for example the 12, 24, 48 and 96 
well plate-based microreactor systems from various companies. In case of our system (Pall Coup.) not only 
allow the systems occupied pH and DO monitoring they can perform multiple experimental runs in conti-
nuously. Therefore, the microbial processes, including strain screening, medium optimization, process optimi-
zation and characterization is often done in miniature system. We have been implemented with key features 
such as agitation, aeration, dissolved oxygen (DO) and pH sensors. In case of larger volume MBRs, which are 
enough to test several online sensors and allow for fermentation control during long fermentation. Include 
usually 24 wells, this MTS have been considered comparable to larger scale bioreactors, for various types of cell 
and/or bio-process systems. We addressed DO and KLa measurements in a widely distributed commercial MTS; 
the Micro-24 System (Pall Corporation) and we used the Corynebacterium system can be produced muconic 
acid as model. 
 
Keywords : Corynebacterium, Miniaturized bioreactor systems, muconic acid 
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 P0533   Effective Scenedesmus acuminatus Cultivation Using the Induction of Anoxia in Photobioreactor 
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The purpose of this study was to determine the optimum conditions for the cultivation of Scenedesmus acumi-
natus under mixotrophic condition using acetate as organic carbon source and automated pH control. When 
acetate was used, DO was quickly consumed and resulted in anoxic condition. Whenever we put acetate in a 
reactor, cells were quickly grown under anoxic condition and still maintained high growth rate even though DO 
recovered to 7 mg/L. Compared to aeration, ammonium acetate, ammonium acetate with aeration tests, the 
highest maximum biomass productivity of 0.73 g/L/d-1 was obtained. Whereas much lower maximum biomass 
productivity were obtained for aeration (0.326 g/L/d-1), ammonium acetate (0.216 g/L/d-1), ammonium acetate 
with aeration (0.357 g/L/d-1). 
 
Keywords : Scenedesmus acuminatus, ammonium acetate, mixotrophic condition, pH control 
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 P0534   Surveillance of Enterococcus faecium and Enterococcus faecalis Isolated from Swine Farms 

 
Shabnam AGHAMORADI, Haeseong LEE, Lee Sang HYEON, Hyeonbin KIM, Jong-Chan CHAE 
Division of Biotechnology, Jeonbuk National University, Iksan, Korea 
Corresponding Author Email : chae@jbnu.ac.kr 
 
Enterococci are common opportunistic pathogens that cause nosocomial infections. Especially, Enterococcus 
faecalis and Enterococcus faecium are considered as clinically important pathogens causing endocarditis, UTI, 
postoperative infections and bacteremia. Vancomycin-resistant enterococci (VRE) attract serious concerns 
because of high mortality rate and serious threat to current health-care practices. In this study, Enterococcus 
faecalis and Enterococcus faecium were isolated from ten locations of swine farm in different seasons in order 
to investigate the effect of Antibiotic usage during a farming (lactation pigs, weaning pigs, growing pigs, 
finishing pigs). And antibiotic resistant profile and genetic characterization were investigated with the isolated 
enterococci. Total 209 Enterococcus faecium and 359 Enterococcus faecalis were isolated. Antibiotic 
susceptibility test revealed that the highest resistances in the isolates were against tetracycline, chloramphenicol, 
and ciprofloxacin. And 25 E. faecalis strains showed linezolid resistance and 11 E. faecium strains were 
ampicillin resistance that was unusual in E. faecium. When strains originated from swine and human were 
compared each other, no significant correlation was found between them. 
 
Keywords : Enterococcus, prevalence, antibiotic resistance 
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 P0535   Biofilm Formation and Extracellular Electron Transfer System of Shewanella Oneidensis MR-1 
in Microbial Electrochemical System 

 
Serah CHOI, In Seop CHANG 
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Gwangju, Korea 
Corresponding Author Email : ischang@gist.ac.kr 
 
Microbial electrochemical systems (MESs) are systems that utilize electrochemically active bacteria (EABs) as 
biocatalysts to transform chemical energy to other type of energy. Like many other bacteria, most EABs 
construct biofilm on electrode which is electron acceptor. Electron generated from oxidation of substrate at the 
anode is transferred to electrode via extracellular electron transfer (EET) system of EABs. Therefore, both 
biofilm formations and EET system are considerable factor in MES development. Until now, direct electron 
transfer system that require close physical contact between electrode and cell and indirect electron transfer 
systems which rely on electron mediators diffused between cells and electrodes have been identified. In this 
research, since the physical contact of the cells with the electrode depends on position of the microbe in biofilm, 
it is considered that there is a correlation between the biofilm formation and the tendency of the EET system in 
MES. 
  
Keywords : microbial electrochemical system, biofilm, electron transfer system 
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 P0601   Ursolic Acid Suppresses Cholesterol Biosynthesis and Exerts Anti-cancer Effects in 
Hepatocellular Carcinoma Cells 
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1Department of Applied Life Science, Graduate School of Konkuk University, College of Biomedical & Health 
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Ursolic acid (UA), a natural pentacyclic terpenoid, suppresses cancer growth and metastasis, but the precise 
underlying molecular mechanism for its anti-cancer effects is poorly understood. Here, using sterol regulatory 
element (SRE)-luciferase assay-based screening on a library of 502 natural compounds, this study found that 
UA activates sterol regulatory element-binding protein 2 (SREBP2). The expression of cholesterol biosynthesis-
related genes and enzymes increased in UA-treated hepatocellular carcinoma (HCC) cells. The UA increased 
cell cycle arrest and apoptotic death in HCC cells and reduced the activation of oncogenic growth signaling 
factors, all of which was significantly reversed by cholesterol supplementation. As cholesterol supplementation 
successfully reversed UA-induced attenuation of growth in HCC cells, it indicated that UA suppresses HCC 
cells growth through its cholesterol-lowering effect. Overall, these results suggested that UA is a promising 
cholesterol-lowering nutraceutical for the prevention and treatment of patients with HCC and cholesterol-related 
chronic diseases. 
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 P0602   Engineered Multifunctional Albumin as a Promising Drug Carrier 
  

Parastou RAHIMIZADEH, Sung In LIM 
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The development of a multifunctional drug carrier can provide synergistic therapeutic avenues by engaging 
multiple targets that are pathologically or immunologically associated. Antibody-drug conjugates, bispecific 
antibodies, and fusion proteins have demonstrated their potentials in recent clinical trials. In this study, we 
explore to engineer human serum albumin (HSA) as a multifunctional drug carrier. HSA has an innate ability to 
survive in circulation as long as immunoglobulins and has substantial stability in vivo. in order to install a drug-
binding handle, domain 2 of HSA has been substituted with an alpha-helical coil, resulting in a variant HSA 
capable of self-assembling with a payload protein modified by a complementary partner coil. Isothermal 
titration calorimetry (ITC) has revealed that, driven by the heterodimeric coiled-coil interaction, variant HSA 
could tightly bind the payload with a nanomolar dissociation constant (KD), suggesting its potential to carry 
structurally complex proteins not amenable to the conventional genetic fusion. We are currently investigating 
the binding behavior of the variant HSA towards human FcRn which plays a critical role in its half-life. 
  
Keywords : multifunctional drug carrier, Human Serum Albumin, heterodimeric coiled-coil 
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 P0603   Synthesis and Characterization of a Variant Human Serum Albumin Nanoparticle as an 
Innovative Drug Carrier 
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The most abundant protein in the blood is albumin which has the capability to bind nutrients, metabolites, and 
metals. Besides, albumin is one of the most long-lived serum proteins presenting itself to a promising drug 
carrier. In an effort to employ albumin in drug delivery, recent studies endeavored to produce nanoparticles 
composed of human serum albumin, i.e. HSA-NP, which could encapsulate a therapeutic agent inside and/or 
surfaced-modified with a targeting or therapeutic component. Although albumin has many active binding 
groups, surface designing due to its sensitivity has been always a challenging issue. In this study, we explored to 
synthesize a novel Mix-and-Go HSA-NP platform whose surface can be easily decorated by different targeting 
or therapeutic components in a modular manner. The HSA variant containing an engineered self-assembling 
domain is subjected to a simple desolvation method to yield variant HSA-NP with a stable size of around 160 
nm. As a model, a green fluorescent protein (GFP) modified with a complementary self-assembling domain was 
mixed with the variant HSA-NP to quickly result in a spherical variant HSA-NP surface-coated by GFP. The 
platform demonstrated herein has a promise as a modular drug carrier that could allow targeted delivery of drug-
encapsulated HSA-NP. 
  
Keywords : albumin nanoparticle, drug delivery, protein engineering 
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 P0604   Inhibitory Effect of Disulfiram (DSF) on Adipogenesis in 3T3-L1 Cells 
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Disulfiram (DSF, tetraethylthiuram disulfide or Antabuse) has been prescribed for the treatment of alcohol use 
disorders (AUDs) in the world. It is used to treat alcohol dependence, has been reported to have anti-cancer 
effects in various malignant tumors in several non-clinical trials, and clinical trials for breast cancer patients 
have been conducted. DSF inhibits aldehyde dehydrogenase in the liver and has also been shown to inhibit 
stem-like tumor-initiating cells. 
In the present study, we investigated the anti-obesity activity of DSF through various experiments. The 
inhibitory effect of DSF on adipogenesis was dose dependent showed in 3T3-L1 preadipocytes with Oil Red O 
staining and which effectively decrease the intracellular triglyceride concentration of adipocytes. The effect of 
DSF on the expression of various adipogenesis-related genes was analysed via western blot and quantitative real 
time PCR. We demonstrated that DSF significantly downregulated the expression of C/EBPα, PPARγ, aP2, 
ACC, and SCD in a dose dependent manner. In addition, we found that PPAR-r target genes such as AQP7, 
PCK1, OLR1 mRNA were significantly decreasing in DSF-treated 3T3L1 cells. The anti- adipogenesis were 
influenced through ALDH2 inactivation by DSF during differentiation . DSF inhibits lipid accumulation by 
regulating adipogenesis and lipogenesis related genes and signaling proteins. DSF may a good candidate for 
nutraceutical and pharmaceutical formulation for treating or controlling obesity. 
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 P0605   The Potential Roles of Milk-derived Exosomes for Cutaneous Wound Healing 
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Exosomes, a spherical lipid membrane structure with a diameter of 30-150nm, are extracellular vesicles secreted 
by most cell types and are also found in various biological fluids. As they carry biomacromolecules such as 
proteins, nucleic acids and metabolites derived from the parent cell, they are involved in cell-to-cell 
communication and can affect various aspects of cell biology in health and disease. In this study, we focused on 
exosomes derived from bovine milk and their anti-inflammatory functions in wound repair. Milk-derived 
exosomes exhibited cross-species tolerance with no adverse immune response. Our results showed that milk 
exosomes can accelerate the healing process of wounds by exerting significant effects on cell proliferation and 
angiogenesis. Therefore, we suggest that milk exosome provides a promising therapeutic platform for the 
treatment of anti-inflammatory diseases. 
 
Keywords : Milk exosome, Wound Healing, Cutaneous wound, Proliferation, Angiogenesis 
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 P0606   Enhanced Systemic siRNA Delivery to Solid Tumors by Reducible Bile Acid-Conjugated 
Polyethyleneimine 
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RNA interference (RNAi), mediated by small interfering RNA (siRNA), has been considered as a potential 
therapeutic agent for cancer owing to its ability to suppress target genes in a sequence-specific manner. In this 
study, a conjugate of the low molecular weight polyethylenimine (PEI) (MW 1800) and deoxycholic acid (DA) 
was further modified with 4-fluorothiophenol (FTP) (TP-DA-PEI) to achieve systemic siRNA delivery. The 
thiophenol group would be involved with disulfide bonds between the polymer chains and siRNA modified with 
free thiols (thiol-siRNA) to form and π– π interactions between the pendent aromatic groups and coprostane ring 
of the bile acid. The TP-DA-PEI conjugates could generate stable nanoparticles with thiol-siRNA. The TP-DA-
PEI conjugate not only achieved enhanced intracellular uptake, serum stability, and transfection efficiency, but 
also showed high accumulation of TP-DA-PEI/thiol-siRNA polyplexes and significant tumor growth inhibition 
effect in tumor-bearing mice after systemic administration. 
  
Keywords : small interfering RNA, deoxycholic acid, stabilized polyplex, disulfide crosslinking, systemic gene 
therapy 
References  
1.  Han, H.; Son, S.; Son, S.; Kim, N.; Yhee, J.Y.; Lee, J.H.; Choi, J.S.; Joo, C.K.; Lee, H.; Lee, D.; et al. 

Reducible polyethylenimine nanoparticles for efficient siRNA delivery in corneal neovascularization 
therapy. Macromol. Biosci. 2016, 16, 1583-1597. 

2.  Jang, Y.L.; Ku, S.H.; Lee, S.J.; Park, J.H.; Kim, W.J.; Kwon, I.C.; Kim, S.H.; Jeong, J.H. Hyaluronic acid-
siRNA conjugate/reducible polyethylenimine complexes for targeted siRNA delivery. J. Nanosci. 
Nanotechnol. 2014, 14, 7388-7394. 

  

373



Exploring the Upcoming Challenges in Biotechnology2020 한국생물공학회 추계학술발표대회 및 국제심포지엄: Hybrid-컨퍼런스

2020 KSBB Fall Meeting and International Symposium: Hybrid Conference

 P0607   Repositioning of Dihydroergotamine on Sepsis with Self-assembled PEGylated Human Serum 
Albumin Nanocarrier 
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 Self-assembled nanostructures have ability to be targeted to the site of disease, thus improving drug pharma-
cokinetics and enhancing the cellular uptake. Among the self-assembled structures of various materials, proteins 
have long been studied and popularly used as building blocks to design self-assembled nanocarriers for small 
molecules and macromolecules. Protein-based materials are generally regarded as safe for clinical use because 
of their excellent biocompatibility and biodegradability. In addition, number of functional groups in the peptide 
chain of a protein allow for various surface modifications such as covalent or non-covalent attachment. 
Dihydroergotamine(DHE) is a serotonin receptor (5-HT1B and 5-HT1D) used as a therapy regimen for the treat-
ment of migraine. But we focused on alternative mode of action, inducer of nucleus receptor 4A1 (NR4A1). 
NR4A1 reduces inflammatory response by inhibiting subunit of NF-kB (p65). To apply DHE on treatment, 
DHE needs help of solubilization agent. We made DHE loaded pegylated human albumin nanoparticle carriers 
for sepsis and other inflammatory diseases. 
 
Keywords : Drug dissolution, oil free formulation, human serum albumin, self-assembling, drug repositioning 
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Reduced therapeutic efficacy of sorafenib, a first-generation multikinase inhibitor, is often observed during the 
treatment of advanced hepatocellular carcinoma (HCC). Emodin is an active component of Chinese herbs, and is 
effective against leukemia, lung cancer, colon cancer, pancreatic cancer, and HCC; however, the sensitizing 
effect of emodin on sorafenib-based HCC therapy has not been evaluated. Here, we demonstrate that emodin 
significantly improved the anti-cancer effect of sorafenib in HCC cells, such as HepG2, Hep3B, Huh7, SK-
HEP-1, and PLC/PRF5. Mechanistically, emodin inhibits sterol regulatory element-binding protein-2 (SREBP-
2) transcriptional activity, which suppresses cholesterol biosynthesis and oncogenic protein kinase B (AKT) 
signaling. Additionally, attenuated cholesterol synthesis and oncogenic AKT signaling inactivated signal trans-
ducer and activator of transcription 3 (STAT3), an oncogenic transcription factor. Furthermore, emodin 
synergistically increased cell cycle arrest in the G1 phase and apoptotic cells in the presence of sorafenib. 
Animal models xenografted with HepG2 or SK-HEP-1 cells also showed that the combination of emodin and 
sorafenib was sufficient to inhibit tumor growth. Overall, these results suggested that the combination of emodin 
and sorafenib may offer a potential therapy for patients with advanced HCC. 
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 P0609   Overcoming Therapeutic Efficiency Limitations against TRAIL-resistant Tumors Using Re-
sensitizing Agent-loaded Trimeric TRAIL-presenting Nanoparticles 
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TNF-related apoptosis-inducing ligand (TRAIL) has been investigated as an ideal antitumor agent owing to its 
inherent tumor cell-specific apoptotic activity. However, there are several barriers to its wider application, 
including the inability for stable formation of trimeric structure, poor stability and pharmacokinetics, and 
acquired resistance to TRAIL. To overcome therapeutic efficiency limitations against TRAIL-resistant tumors, 
we exploited the characteristic of a naturally derived nanoparticle that not only delivers TRAIL in its native-like 
trimeric structure, but also delivers a drug (doxorubicin [DOX]) that re-sensitizes TRAIL-resistant tumor cells. 
DOX-TTPNs efficiently re-sensitized TRAIL-resistant tumor cells to TRAIL-mediated apoptosis in vitro by 
regulating levels of the TRAIL receptor, DR5, and anti- and pro-apoptotic proteins involved in extrinsic and 
intrinsic apoptosis pathways. We further demonstrated the antitumor efficacy of DOX-TTPNs in vivo, showing 
that even at a very low dose, the incorporated DOX successfully re-sensitized tumors to the apoptotic effects of 
TRAIL. Given that other homotrimeric TNF superfamily ligands and immunotherapeutic agents can be 
substituted for TRAIL ligand and re-sensitizing drugs on the surface and in the inner cavity of the nanoparticle, 
respectively, this platform is potentially suitable for development of a broad range of anticancer or 
immunotherapeutic combinations. 
  
Keywords : Protein Nanoparticle, Tumor-specific apoptosis, Tumor necrosis factor-related apoptosis-inducing 
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In present study we evaluated the synergistic antiadipogenic and anti-lipogenic efficacy of standardized 
formulation of rebaudioside A, sativoside and theasaponin E1. Anti-adipogenic and lipogenic effect of the for-
mulation sample was analyzed in vitro using 3T3-L1preadepocytes and in-vivo with high fats and high 
carbohydrates diet fed mice. Orlistat was used as positive control while cells and animals not treated with 
samples were selected as normal controls. Mice were divided in 9 different groups with 5 mice per group. 
Adipose tissues, livers and blood were analyzed after dissection of the animals at the end of experiment. Results 
demonstrated that the prescribed formulation significantly inhibited 3T3-L1 adipocyte differentiation and the 
lipid accumulation in 3T3-L1 adipocytes by downregulating adipogenesis and lipogenesis promoting gens i.e. 
FAS, AP2, LPL, SREB, CTNB PPARγ, C/EBPαetc. Administration of the natural products formulation 
(E1SRA) significantly reduced body weight, body fat-pad weights, blood cholesterols and triglycerides level, 
ALT, AST glucose, insulin, and various adipokines e.g. leptin, IL-10, IL-6, and TNF-α of mice fed with high 
lipids and carbohydrates diets as compared to controls. RASE1 suppressed the expression of adipogenic genes 
and lipid metabolism genes (LPL, aP2, PPARγ, SREBP, leptin and C/EBPα, FAS, and MLYCD, ACC-1 and 
GPAT,) in livers of mice. 
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Transcriptional factors 
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Amyloid beta (Aß) and tau over production and accumulation in neurons leading to amyloid plaques and 
neurofibrillary tangles are considered principal causes of the neurodegenerative disses like Alzheimer etc. 
Serval genes and proteins are involved directly or indirectly in the production of Aß and hyperphosphorylation 
of tau eventually leading to neuronal death. Mutation in several genes, overexpression or lower expression may 
also lead to dementia and Alzheimer. In this study we elucidate the effects of theasponin E1 on the gene’s 
expression level involved in neurodegeneration and development of dementia and Alzheimer. The therapeutic 
neuroprotective and effects of green tea seed isolated theasaponin E1 was examine using SHY-5Y and APP-N2a 
cell lines. Effect of Thaesaponin E1 on the expression level of Aß and tau generating and Alzheimer promoting 
genes i.e. were investigated by RT- PCR, ELISA and western blotting. APP- Cells were cultured in EMEM 
media supplemented with 10% FBS in 6-well plate and incubated at 37°C in a CO2 incubator. Cells were then 
treated with different concentrations of pure saponins and was processed for enzymatic activities, RNA and 
proteins extraction separately. Our results demonstrated that theasaponin E1 significantly reduced Aβ concen-
tration and tau hyperphosphorylation in dose-dependent manner by suppressing expression level of APP, 
PESN1, PESN2, EPOE4(E4), IDE, PICALM and TREM2. However, the inhibitory and gene suppressive effects 
was comparatively lower in case of IL-1ß and BIN1 and didn’t showed against VPS35 at all. ELISA and 
western blotting reveled reduction in APP and Aß peptides level. The overall results revealed the anti-
neurodegenerative and anti-Alzheimer effects of the green tea seed isolated thaesaponin E1. 
  
Keywords : Alzheimer, Amyloid plaques, Neurofibrillary tangles, Neurodegeneration, hyperphosphorylation, 
PICALM 
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In present study we investigated the in vitro and in vivo anti-bacterial activities of saponins from green tea seed. 
Green tea seeds were crude extract was prepared in 70% ethanol by continuous reflux in heating mantel for 5 
hours. Green tea seeds saponins mixture contained various saponins were extracted from the crude ethanolic 
extract of green tea seed via HPLC. Two fractions of saponins i.e. Fr1 and Fr2 were isolated from saponins 
mixture by Preparative HPLC. Antibacterial activities of the saponin mixture and isolated fractions were 
investigated against Escherichia coli (ATCC 25922), Streptococcus mutans (ATCC 25923) and six servers of 
Salmonella both in vitro and invivo. Preliminary antibacterial activities were determined by disc diffusion 
method and Minimum inhibitory concentrations (MIC) were measured of the saponins mixture and fractions 
against each bacteria strain. In vitro antibacterial effects were determined by growth inhibition in liquid culture 
and antibiotic effects of saponins were determined by the extent of bacterial membranes degrading potential. 
Results shown that the green tea extracted saponins mixture and isolated fraction possesses antibacterial effects. 
Growth inhibition of various bacteria was observed in dose dependent manner. Five weeks grown chicken were 
used for in vivo antibacterial activities. PCR analysis of the blood and feces samples of the animals revealed the 
antibacterial effects of the green tea seed isolated saponins. 
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 P0613   The Regenerative Effect of Platelet-rich Plasma in a Murine Hemiglossectomy Model 
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Introduction: The tongue is so essential for effective swallowing that we should consider dysphagia in the 
patients who underwent hemiglossectomy. We evaluated the benefit of platelet rich plasma (PRP) injection in 
damaged tongue in a mouse model. 
Methods: Four weeks old mice were randomized to surgical (hemiglossectomy) and nonsurgical groups. 
Animals underwent the injection of rat PRP or saline (control) on resection margin. Groups were evaluated for 
two weeks and checked early and late histologic change. The primary outcome was PRP regenerative effect on 
surgical wound. Secondary outcomes included animal survival and weight in terms of dysphagia. 
Results: All but one control animal survived to the study endpoint. Mean weight increased from baseline in all 
groups, with the greatest dysphagia observed in surgical control mice. PRP injected surgical group showed less 
neutrophils than in the other groups in early stage. Average epithelium thickness in the PRP injected group was 
significantly smaller than in the control group in early stage, but there was no significant intergroup difference 
in late stage. 
Conclusions: Hemiglossectomy animals injected with PRP exhibited better wound regeneration and recovery of 
dyshagia than control animals. PRP might be a potential treatment for dysphagia secondary to tongue fibrosis in 
hemiglossectomy. 
  
Keywords : platelet rich plasma, regeneration, wound , healing 
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Isothermal amplification is a selectively amplify target DNA under isothermal reaction conditions. Recently, 
isothermal amplification technologies have been developed in various ways as alternatives to polymerase chain 
reaction (PCR) [1]. The isothermal amplification technologies are very useful for point-of-care testing (POCT) 
since they do not require expensive equipment such as a thermocycler. Among them, recombinase polymerase 
amplification (RPA) technology is one of the powerful isothermal amplification technologies that can amplify 
double-stranded nucleic acids by employing recombinase and single-strand binding protein [2]. Various RPA 
kits have been commercialized (TwistDx, Cambridge, U.K.) and applied to detect pathogens and viruses [1, 2]. 
However, since the RPA kits contain the proteins expressed from E. coli, non-specific signals often occur when 
reactions with E. coli as target DNA are performed. This is believed to be due to a remained host cell DNA 
(HCD) when manufacturing the RPA kits by using the protein expressed from E.coli. To eliminate HCD in RPA 
kits, therefore, we employ electron-beam irradiation to the RPA kits. When electron-beam is irradiated to the 
RPA kits at an appropriate level, HCD is effectively removed, but there is no effect on the proteins that perform 
RPA. As a result, non-specific signal can be effectively reduced during RPA reaction. Additional purification or 
enzymatic reaction is not required, and since HCD can be removed within a few minutes, this technology might 
be used for powerful method to reduce false positive of RPA reaction. 
 
Keywords : Isothermal amplification, Recombinase polymerase amplification, Electron-beam irradiation, Host 
cell DNA, Non-specific amplification 
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 Benign prostatic hyperplasia (BPH) is a common disease among men in modern society whose obesity rate 
increases due to westernized diet, and it adversely affects their quality of life throughout their lives. BPH 
increases the volume of the prostate and narrows the urethra, causing impaired bladder drainage. There are 
many causes of this, but there is a result that obesity-related metabolic diseases increase male estrogen levels 
and cause an increase in prostate volume, and thus studies on direct correlation with BPH are needed. Organoids 
are organ analogs made by culturing in 3D system and are a good model to see more precise biochemical 
changes compared to 2D culture systems. 
 Thus, the purpose of this study is to directly compare the sizes of the mouse prostate induced obesity by high 
fat diet(HFD) and fed a normal diet(ND) at the organoid level and to confirm genetic differences through RNA 
sequencing. As a result, it can be seen that the size of the mouse organoid induced obesity by HFD increased 
over time, and Additionally, through RNA Sequencing, it was found that the expression levels of Ccr2 and 
Olfm4 were 30 times higher in HFD than in ND. 
 Through this experiment, by using organoids in vitro, it was possible to directly observe the growth of the 
prostate volume in mouse fed with HFD, and by discovering genes that influence this, it can serve as good data 
for obesity-related prostate research. Furthermore, it is expected to be an important clue for the study of BPH 
using human prostate organoids 
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Pathogens 

 
Yoo Eun LEE1, Woo Gi LEE1, Byeong Hee HWANG1,2 
1Department of Bioengineering and Nano-bioengineering, Incheon National University, Incheon, Korea, 
2Division of Bioengineering, Incheon National University, Incheon, Korea 
Corresponding Author Email : bhwang@inu.ac.kr 
 
Detection of DNA as biomarkers for pathogen detection is currently a widely used technique. However, most 
are too expensive or limited in specificity for POC(point of care) use. Here, we present colorimetric coupling of 
surface plasmons of gold nanoparticles with DNAzyme technology to give a simple and sensitive colorimetric 
assay for bacterial 16s rRNA targets. DNAzymes amplifies the signal and gold nanoparticle assays provide clear 
colorimetric results that can be seen by the naked eye. If target 16s rRNA is the presence in the sample, 
DNAzyme is activated and cleaves Linker strand. Because linker strand hybridizes with strand on gold nano-
particles and forming an aggregate network of GNPs, cleaved linker do not aggregate between gold nano-
particles. The solution containing scattered gold nanoparticles is turned red by surface plasmon effect. This 
assay is simple, fast and inexpensive because it does not require any expensive equipment, making it suitable for 
use in developing countries. The assay without the need for purification steps and can detect multiple targets in 
parallel within two hours. 
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Psoriasis is a common chronic skin disease caused by cascade reactions of various genes. Lately, Interleukin 
23(IL-23) has been known to play the most significant role in the immune response of psoriasis. And, the p19 
subunit of IL-23 was focused due to its activation only in IL-23. The shRNA targeting IL-23p19 mRNA 
specifically reduced the expression of IL-23p19. However, it is challenging to deliver shRNAs into cells due to 
their negative charges. Here, a functional peptide has been introduced to improve the cellular permeability of 
shRNAs. The peptides formed self-assembled nanocomplexes by the interaction with shRNAs. The formation of 
the shRNA/peptide complex was confirmed using the gel retardation assay, and DLS analysis confirmed 
uniform size and positive charge of the complex. And the degradation of shRNA decreased in serum under the 
nanocomplex form. Fluorescence analysis showed that the cellular uptake ability of nanocomplexes with Cy3-
labeled siRNA was similar to that of the positive control in macrophage. The expression of IL-23p19 mRNA 
was inhibited 34% by the shRNA/peptide nanocomplex in RAW264.7 cells. The cytotoxicity test showed that 
the peptide has no meaningful values even at high concentrations in primary cells. Thus, the peptide/shRNA 
nanocomplex could be effectively applied to gene therapies of psoriasis and various diseases. 
  
Keywords : Psoriasis, Gene therapy, shRNA, Peptide, Nanocomplex 
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Photodynamic therapy (PDT) is increasingly recognized as an alternative to classical cancer therapies such as 
chemotherapy and radiotherapy. Chlorin e6 (Ce6) is a second-generation PDT agent; laser irradiation of Ce6 
turns into the production of cytotoxic reactive oxygen species (ROS), eventually leading to ablation of tumor 
tissues. ROS is difficult to diffuse with a short half-life, it only affects tens of nanometers, so the PDT effect 
depends on the PS location and intracellular quantity. However, most PSs are hydrophobic, making them 
insoluble in aqueous solution or aggregate easily in the physiological conditions, resulting in lower quantum 
yield of ROS production. Therefore, effectively delivery and dispersion of the PS into the cell is a critical factor 
for the PDT effect. In this study, we analyzed the effect of nanoparticles attached with Chlorin e6 using 
azobenzene on PS dispersion in the cell and observed the anticancer effect. 
  
Keywords : Hypoxia, Photodynamic therapy, Cancer therapy 
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 P0619   Osteogenic Differentiation of Human Mesenchymal Stem Cells is Successfully Achieved by 
Hyaluronic Acid/Calcium Phosphate Hybrid Gene Delivery System 
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Human mesenchymal stem cells (hMSC) are one of the stem cells that have multipotent properties. Despite their 
boundless possibility, current use of hMSCs in clinics is still limited because differentiation of hMSCs to 
desired cells is often difficult to control especially in vivo situation. Herein, biologically acceptable calcium 
phosphate (CaP)-based nanoparticles stabilized with a catechol-derivatized hyaluronic acid (dopa-HA) 
conjugate were used as a carrier for gene transfection to hMSCs for improved differentiation. 
Owing to the specific binding between HA and CD44 of bone marrow-derived hMSCs, dopa-HA/CaP showed 
significantly higher transfection in hMSCs than branched polyethylenimine (bPEI, MW 25 kDa) with high 
biocompatibility. The co-delivery of a plasmid DNA encoding bone morphogenetic protein 2 (BMP-2 pDNA) 
and micro RNA 148b (miRNA-148b) by dopa-HA/CaP successfully achieve improved osteogenic differen-
tiation of hMSCs. 
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Gene therapy is a third-generation biopharmaceutical that corrects genes by delivering DNA or siRNA to cells. 
Gene delivery systems are required for the treatment of target disease using therapeutic genes. Gene delivery 
systems could deliver therapeutic nucleic acids into the target tissue or cell and improve therapeutic efficacy. 
Polymer-based gene delivery systems have been developed based on interaction, encapsulation, and/or abrup-
tion. However, it can affect to the nucleic acid condition, so we developed that nano-self-assembly consisting of 
zinc and plasmid DNA or siRNA was spontaneously formed. Zinc/DNA nanocluster is a complex of zinc and 
DNA that is formed by binding of zinc ions to the phosphate groups of nucleic acids. Zinc/DNA cluster 
enhanced gene transfer efficiency and gene stability. Cellulose nanocrystal (CNC) is a nanomaterial in the form 
of removing amorphous substances by decomposing cellulose fibers. It has good characteristics to be used as a 
gene delivery carrier. First, there is no problem with the immune response because it has good biocompatibility. 
Next, it has a size of 50-200nm and high hydrophilicity. Therefore, it enhances the half-life of nucleic acid 
during blood circulation. In this study, cellulose nanocrystal(CNC) was applied to develop gene delivery 
systems with a zinc/DNA cluster. CNC improved DNA protection and efficacy by protection of the zinc/DNA 
cluster. CNC may be one of the useful natural polymer for the development of gene delivery systems. 
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BMP2, which belongs to the TGF-β superfamily of proteins, was expressed in rice cells using sugar-deficiency 
inducible promoter RAmy3D. The RAmy3D-BMP2 construct with or without 6XHis on N-terminal was trans-
formed into O. sativa cv Dongjin by Agrobacterium-mediated transformation. The transgenes were successfully 
inserted into rice genome, which was confirmed by genomic DNA PCR. The expression of BMP2 polypeptide 
was examined using RT PCR and western blot in the transgenic lines. Final two lines were selected for the study 
of optimum production of BMP2. 
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The UNC-49 and EXP-1 receptors are a unique nematode γ-aminobutyric acid (GABA) gated chloride channel 
that may prove to be a novel target for the development of nematocides. Here we have characterized various 
charged amino acid residues in and near the agonist binding site of the UNC-49 receptor from the parasitic 
nematode. Utilizing the Caenorhabditis elegans crystal structure as a template, a model was generated and 
various charged residues were investigated based on their location and conservation. These residues may 
contribute to structure, function, and molecular interactions with agonists. It was found that all residues chosen 
were important for receptor function to varying degrees. Results of the mutational analysis and molecular 
simulations suggest that some residues may be interacting with nematosides by an ionic interaction that may be 
crucial for general GABA receptor function. Here we show that GABA mediates enteric muscle contraction in 
the nematode Caenorhabditis elegans via the EXP-1 receptor, a cation-selective ligand-gated ion channel. The 
EXP-1 protein resembles ionotropic GABA receptor subunits in almost all domains. In the pore-forming domain 
of EXP-1, however, the residues that confer anion selectivity are exchanged for those that specify cation 
selectivity. We have used the results from this study as well as knowledge of residues involved in GABA 
receptor binding to identify sequence patterns that may assist in understanding the function of lesser known 
GABA receptor subunits from nematodes. 
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Subunit vaccines have been developed as promising vaccines with safety. However, subunit vaccines have 
difficulties in commercialization due to low efficiencies of delivery and immune response. As a result, studies of 
adjuvants that improve the immune-inducing ability of vaccines have been conducted globally. Particle-based 
vaccine delivery can enhance delivery and immune response efficiencies through preventing antigen degrada-
tion and uptake to antigen presenting cells. In this study, chitosan nanoparticles were produced by the precipi-
tation-coacervation method because biodegradable and biocompatible chitosan was reported as an adjuvant. 
Properties of chitosan nanoparticles were characterized. Chitosan nanoparticles containing ovalbumin was 
compared to soluble ovalbumin through subcutaneous injection in mice. Immunization of mice by chitosan 
nanoparticles exhibited enhanced serum IgG production compared to that by soluble ovalbumin injection. And, 
cytokines from splenocytes of immunized mice also showed increased releases in chitosan nanoparticles. These 
results indicated that chitosan nanoparticles can be expected to be a promising adjuvant for subunit vaccine 
delivery. 
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Cholesterol is essential for the proper functioning of several body system. However, dyslipidemia-especially 
elevated low-density lipoprotein (LDL-c) and triglyceride levels, as well as reduced lipoprotein lipase activity-is 
associated with an increased risk of coronary artery disease (CAD). Generally, the foam cell formation is the 
result of interaction of cells with pro-atherogenic low-density lipoprotein (LDL) providing cholesterol delivery 
and anti-atherogenic high-density lipoprotein (HDL) providing its efflux. The main source of fat in the foam 
cells is plasma LDL. 
In this study, we propose the development of aptamers that binds to LDL-C to inhibit the accumulation of 
cholesterol in blood vessels. We were screened LDL-C binding aptamer candidates by SELEX (Systematic 
evolution of ligands by exponential enrichment). Through real-time PCR and Nano-drop spectrophotometer, 32 
aptamer candidates that bind to LDL-C were selected. We tested the binding effects of aptamers with LDL-c 
using Biacore system. And we are designed ‘Apta-Link’, which it is aptamer linked Lecithin. It could expect to 
be used to prevent atherosclerosis through inhibition of foam cell formation.   
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Astaxanthin, a natural carotenoid component of shrimp, has been used as a food additive for the treatment of 
various diseases, but a functional role of astaxanthin nanosphere (AN) in the regulation of intestinal mucin 
(Muc) 2 production during bacterial infection has not described yet. In this study, we have investigated the 
effect of AN prepared from astaxanthin during Muc2 repression elicited by the Gram-negative bacterium V. 
vulnificus in human gastrointestinal epithelial (HT-29) cells. AN significantly inhibited the level of ROS 
production and PKC activation in recombinant protein (r) VvpE-stimulated HT-29 cells. Moreover, AN inhi-
bited the PKC-mediated phosphorylation of extracellular signal-regulated kinase and nuclear factor-kappa B 
responsible for region-specific hypermethylation in the Muc2 promoter in rVvpE-treated HT-29 cells. In the 
mouse models of V. vulnificus infection, treatment with AN maintained the level of Muc2 expression in the 
intestine. On the basis of these results, we suggest that AN blocks the hypermethylation of the Muc2 promoter 
to restore the level of Muc2 production in HT-29 cells infected with V. vulnificus. 
  
Keywords : Astaxanthin nanosphere, Mucin 2, Vibrio vulnificus 
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 P0626   Curcumin Nanospheres Promotes the Skin Wound Healing through Induction of hUCB-MSCs 
Migration 
  

Do-Wan KIM, Sei-Jung LEE 
Department of Pharmaceutical Engineering, Daegu Haany University, Gyeongsan, Korea 
Corresponding Author Email : seijung1@gmail.com 
 
Curcumin, a hydrophobic polyphenol derived from turmeric, has been used a food additive and as a herbal 
medicine for the treatment of various diseases. In the present study, we found the functional role of a 
nanosphere loaded with curcumin (CN) in the promotion of the motility of human mesenchymal stem cells 
(MSCs) during the wound closure. We found that the efficacy of hUCB-MSCs migration induced by CN was 
1000-fold higher than that of curcumin powder. CN significantly increased the motility of hUCB-MSCs by 
activating c-Src, which is responsible for the phosphorylation of protein kinase C (PKC) and extracellular 
signal-regulated kinase (ERK). CN induced the expression levels of α-actinin-1, profilin-1 and filamentous-
actin, as regulated by the phosphorylation of nuclear factor-kappa B during its promotion of cell migration. In a 
mouse skin excisional wound model, we found that transplantation of UCB-MSCs pre-treated with CN 
enhances wound closure, granulation, and re-epithelialization at mouse skin wound sites. These results indicate 
that CN is a functional agent that promotes the mobilization of UCB-MSCs for cutaneous wound repair. 
  
Keywords : Curcumin nanospheres, Motility, Wound repair 
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 P0627   A Study on the Improvement of Skin Inflammation by Brazilin Using TNF-α/IL-17A/IFN-γ 
induced HaCaT Human Keratinocyte  

 
Mi Ran KIM, Hyung Seo HWANG 
Department of Cosmetic Science, Semyung University, Jecheon, Korea 
Corresponding Author Email : hshwang@semyung.ac.kr 
 
Brazilin is an active ingredient of Caesalpinia sappan L., used as a natural red colorant, and has been reported 
to have antioxidant, antibacterial, and anticancer activity. Recently, brazilin has been verified not only 
suppressing an inflammation, but also improving chronic skin disease such as psoriasis. However, little is 
known about mechanism for skin improvement. Thus, in this study, we attempted to investigate the mechanism 
of action on the skin improvement by brazilin. First, we evaluated the cell viability of brazilin in TNF-α/IL-
17A/IFN-γ induced HaCaT human keratinocyte cell line. Second, brazilin significantly suppressed the mRNA 
levels of IL-1α/β/-6/-8/CCL20 in concentration-dependent manner. In addition, brazilin down-regulated the 
mRNA level of keratins, which is nonspecifically increased in psoriasis. Finally, we investigated inhibitory 
signal transduction of brazilin to understand transcriptional regulation focusing on the NF-κB/STAT3/JNK. In 
conclusion, we could understand that brazilin could suppressed several key marker genes involved in skin 
inflammation and differentiation  throughout the NF-κB/STAT3/JNK signaling pathway. 
  
Keywords : Brazilin, Inflammation, Keratin, NF-κB, STAT3 
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 P0628   Anti-inflammatory Activity of Egg White Lysosome Organelle Extract (LOE) 
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Lysosome, one of the organelles in eukaryotic cells, contains about 50 hydrolytic enzymes such as protease, 
nuclease, glycosidase, lipase those are activated under weak acid conditions of pH 4.0 to 5.0. The lysosome-
related-organelle extract (LOE) extracted from egg white has been elucidated the effect of skin whitening 
through decolorization of melanin and inhibition of melanin synthesis, and improving skin barrier function. 
However, little was known about anti inflammation by LOE. In this study, we verified anti-inflammatory 
activity of LOE with RAW264.7 cell line to develop as a cosmetic material for patients with skin diseases. First, 
The cytotoxicity of LOE was evaluated in LPS-induced RAW264.7 mouse macrophages using CCK-8 assay, 
and cytotoxicity was not observed up to the maximum concentration of 20 mg/mL. Nitric Oxide production was 
performed through Griess assay. LOE significantly inhibited the mRNA expression of TNF-α, iNOS, and COX-
2 as concentration dependent manner. From these results, we understood that LOE is a effective material for 
anti-inflammatory activities as well as whitening and skin barrier enhancement, so it could be developed as a 
cosmetic material in the future. 
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 P0629   Novel Oncolytic Virus Engineering for Improved Antitumor Activity 
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Here, we developed a novel oncolytic vaccinia virus (NOV) with the dual advantages of cancer selectivity and 
normal vessel reconstructive activity by replacing the viral thymidine kinase (vTk) and vaccinia growth factor 
(VGF) genes with genes encoding TNF-related apoptosis-inducing ligand (TRAIL) and angiopoietin 1 (Ang1), 
respectively. The pan-cancer-specific oncolytic potency of NOV was confirmed in various human and mouse 
cancer cell lines (colon, liver, pancreas, cholangiocarcinoma, cervical cancer, osteosarcoma, and melanoma). 
Vaccinia virus (VV) treatment directly induced early apoptosis in tumors within 24 h, and this effect was 
enhanced with further engineering; VGF and Tk deletion with Ang1 and TRAIL insertion. Meanwhile, 
treat-ment with the conventional anti-cancer drug cisplatin did not induce apoptosis. A virus-treated CT26 
mouse colon cancer syngeneic model showed attenuated tumor growth, which was in accordance with the 
results of percent survival measurement, CD8 expression analysis, and TUNEL staining with advanced genetic 
engineering (vAng1 < vTRAIL < NOV). Taken together, our results indicate that NOV induces cancer tissue 
apoptosis and anti-tumor immunity and may constitute a highly advantageous therapeutic agent for next-gene-
ration solid tumor virotherapy with pan-cancer-specific oncolytic activity and high biosafety. 
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 P0701   Artificial Insemination of Korean Native Black Goats and Crossbred Goats Using Frozen Semen 
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The objective of this study was to compare Korean native black goats and crossbred goats to investigate the 
application of artificial efficiency. This study examined the frozen semen preparation, pregnancy rate, and deli-
very rate to investigate the artificial fertilization efficiency of Korean native black goats and crossbred goats 
using frozen semen. We used electrostimulation to ejaculate and collect semen for the artificial fertilization 
efficiency of the goats. Sperm concentration, vitality, and vitality after melting were investigated. We used the 
IDEXX Rapid Visual Pregnancy Test kit for an earlier diagnosis of the pregnancy and to determine the 
pregnancy rate of fertilization using frozen-thawed semen. The results for the efficiency of pregnancy were 
20%–40% for all three strains of Korean native black goats; Tongyoung was the highest (44%), followed by 
Dangjin (%), and Jangsu (20%). In addition, crossbred goats had the highest delivery rate (68%) from Farm C 
and the lowest delivery rate (45%) from farm A. Furthermore, confirmation of pregnancy with the pregnancy 
test kit and by ultrasound diagnosis after artificial insemination were similar. The findings of this study can be 
utilized as a basis for improvement and breeding of goats at the goat farms and livestock research institutes. 
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 P0702   Factors Affecting in vitro Production of Goat Embryos 
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In vitro embryo development is strongly influenced by events occurring during oocyte maturation and fertili-
zation and the subsequent development of fertilized oocytes. Therefore, improving the efficiency and 
development of specific culture regimes capable of supporting IVM/IVF and IVC to the blastocyst stage is 
highly desirable. The aim of this study was to investigate the effects of fetal bovine serum (FBS), goat blood 
serum (gBS), and polyvinyl alcohol (PVA) on in vitro development and embryo quality of goats to improve 
embryo production. For the experiment, 10% FBS, 10% gBS, and 10% PVA were supplemented to in vitro 
fertilized embryo culture medium to test the embryo development efficiency and blastocyst quality. The results 
showed that the non-serum supplementation group had a significantly lower cleavage rate and blastocyst 
formation. However, gBS and PVA supplementation groups showed significantly increased cleavage rates and 
blastocyst formation, which were better than those in control and FBS supplementation groups. Furthermore, the 
TUNEL assay for the confirmation of blastocyst quality showed the same pattern as the embryo development 
experiment. The results of the present study showed that supplementation with gBS or PVA is more efficient 
than supplementation with FBS or non-serum to enhance the in vitro development efficiency of goats. However, 
considering the risk of unidentified factors in gBS, PVA seems to be safer and more efficient for the in vitro 
development of goat embryos. 
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 P0703   Characterization of Thiolated Gelatin / PEGDA IPN Injectable Hydrogel 
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In this study, hydrogel was fabricated using thiolated gelatin (GSH) and poly(ethylene glycol) diacrylate 
(PEGDA). Additionally, APS and TEMED were added as radical initiators. To make a hydrogel, GSH, PEGDA 
and initiator were prepared in PBS, respectively as follows concentrations: 2.5 % Gel-SH (LGSH), 5 % Gel-SH 
(HGSH), 12.5 % PEGDA (LPEGDA), 25 % PEGDA (HPEGDA), 4 % APS and 2 % TEMED initiator (HIni-
tiator), and 3 % APS and 1.5 % TEMED initiator (LInitiator). Hydrogel was fabricated by mixing of Gel-SH, 
PEGDA, and initiator at a 5:4:1 volume ratio and incubated at 37 °C for 30 min. The hydrogel were prepared in 
6 different groups; (1) HGSH-LPEGDA-LInitiator, (2) HGSH-LPEGDA-HInitiator, (3) LGSH-HPEGDA-
LInitiator, (4) LGSH-HPEGDA-HInitiator, (5) HGSH-HPEGDA-HInitiator, and (6) HGSH-HPEGDA-
LInitiator. After incubation, HGSH-LPEGDA-LInitiator hydrogel did not gelled. Herein, the characteristics 
including porous structures, hydrolytic degradation properties (i.e., swelling ratio, sol fraction, and mass 
remaining), mechanical property (i.e., young’s modulus), embedded BSA release kinetics, and cytocompatibility 
of hydrogels were investigated. 
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 P0704   Electrical Stimulation Modulates LPS-induced Change in Cellular Barrier Function in Human 
Nasal Epithelial Cells 
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Tight junctions play an important role in cellular barrier function. This barrier function determined by intercel-
lular junctions, which consist of tight junctions and adherence junctions. Recent studies indicated that bacterial 
inflammation causes deficiency in barrier function in nasal epithelium by tight junction degradation.[1] 
Electrical stimulation has been studied and used to enhance or reconstruct tissue-specific functions. [2] Many 
studies demonstrates that electrical stimulation affects mechanical change in the cell membrane and 
cytoskeleton.[3] In this study, we investigated the effects of electrical stimulation on tight junction. We designed 
a system for electrical stimulation using a function generator and adherent cell electrodes. LPS(5㎍/ml)-treated 
RPMI 2650 cells were exposed to electirical stimuli (1min, 10 VPP, 100 Hz). The applied electrical stimulation 
did not affect cell viability. However, TEER values significantly increased and decreased permeation rate of 
NaFI after electrical stimulation. We also observed gene expression of junction proteins. Tight junction related 
genes significantly increased in LPS-treated cells after electrical stimulation. This study could be used as a new 
strategy for repairing nasal tight junction[SK1] . This study was supported by the National Research Foundation 
of Korea (NRF) grant funded by the Korea government (MEST) (2020R1F1A1048494).   
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 P0705   Injectable and Photocrosslinked Hyaluronic Acid Hydrogels Immobilized with FGF for 
Biomedical Applications 
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Hyaluronic acid with biocompatibility and biodegradability has been applied widely in the medical field as a 
drug delivery system, tissue engineering scaffold, and anti-adhesion agent. The aim of this study was to prepare 
injectable hydrogels that can effectively deliver drugs. Photoreactive azidophenyl hyaluronic acid derivatives 
(Az-HA) were synthesized to immobilize proteins such as growth factor. It was confirmed that azido group was 
successfully introduced into hyaluronic acid by FT-IR and 1H-NMR analysis. In addition, Maintenance of 
hydrogel properties of the prepared derivatives were examined using rheological analysis. Protein immobili-
zation was confirmed using the photo-immobilization method, and the protein release experiment was 
conducted to confirm whether the protein drug immobilized with Az-HA derivative was continuously released. 
Through cytotoxicity test, biocompatibility of Az-HA was confirmed. As a result of intracellular administration 
of Az-HA immobilized with fibroblast growth factor (FGF), cell proliferation was confirmed. According to the 
result of the above experiments, we suggest that the azidophenyl hyaluronic acid derivatives are considered to 
have an applicability as a biomedical material capable of effective delivery of drugs. 
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 P0706   Mechanical Vibration Affects Paracellular Permeability and Cytoskeletal Structure in Human 
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Drug delivery through the intranasal route has several advantages. The intranasal route has higher bioavailability 
than oral administration. it can bypass liver digestion expected in the case of oral administration. [1] However, 
there are several disadvantages in intranasal drug delivery: The residence time of the drug in the nasal cavity is 
short, and the absorption efficiency through the nasal epithelium is not satisfactory. Several strategies to 
enhance intranasal absorption efficiency or increasing the retention time have been studied. Previous studies 
indicated that mechanical stresses could enhance paracellular permeability. [2, 3] 
In this study, we exposed human nasal epithelial cells to mechanical vibration stimulation (0.6 x ց, 38Hz) to 
increase paracellular permeability. There was no significant decrease in cell viability under all conditions of 
mechanical vibration. Transepithelial electrical resistance (TEER) decreased about 35% and paracellular 
permeability of luorescein sodium salt (MW 376 Da; NaFI) increased about 15% following exposure of 
mechanical vibration (20min, 0.6 x ց) to human nasal epithelial cells. The results of RT-PCR to tight junction 
and adherens junction gene expression showed no statistically significant changes. Western blot was performed 
for ratio of G-actin to F-actin to observe changes in the cytoskeletal structure under mechanical vibration. 
Following exposure of mechanical vibration, the cytoskeletal ratio of G-actin to F-actin increased 2.3 folds 
compared to the control. Based on these results, we concluded that mechanical vibration stimulation increases 
paracellular permeability by changing the cytoskeletal ratio of G-actin to F-actin. This provide an useful insight 
to enhance drug delivery efficiency through the intranasal route. 
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Superabsorbent polymer(SAP) refers to a polymer that has the ability to absorb moisture at least 60 times its dry 
weight. SAP is used in various fields such as hygiene, medical, agriculture, and other fields. Most of the SAP 
currently used cannot be recycled and it is synthesized from petroleum-based monomers, causing environmental 
pollution. Therefore, we make eco-friendly and effective SAP using gelatin instead of a toxic cross-linker with 
bacterial nanocellulose(BC) synthesized from Gluconacetobacter hansenii. For effective production of BC, the 
medium carbon source and pH was established. The harvested BC was modified to carboxymethylcellulose 
sodium salts(CMC-Na) after washing and used for SAP production. Production of CMC-Na was confirmed 
through FT-IR analysis. SAPs were produced with different ratios of CMC-Na and gelatin, and the most 
appropriate composition as SAP was selected from the results of water swelling test and water retention test. 
SAP made from BC and gelatin has sufficient moisture absorption and can be decomposed, so it does not cause 
environmental pollution. Therefore, it can be said that the SAP developed in this study has sufficient potential to 
replace the petroleum-based monomers SAP. 
 
Keywords : Superabsorbent polymer, SAP, Bacterial nanocellulose 
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This study, designed to improve and increase the utilization of female elks, was conducted to investigate the 
possibility of collecting embryos during the non-reproductive period using ultrasound-guided ovum pick-up 
(OPU) technology. Once follicles in the ovaries of an elk were observed, the embryos were retrieved through 
absorption of the follicles using an OPU ultrasound probe. Fifty-seven embryos were retrieved from 85 follicles, 
with a retrieval rate of 67.1%. Morphological evaluation of the recovered embryos revealed 14.0% of embryos 
to be of grade A, 19.2% of grade B, 15.7% of grade C, and 50.8% of grade D. We also investigated the 
developmental efficiency of the retrieved embryos using in vitro maturation, in vitro fertilization, and in vitro 
culture. After cultivating a total of 28 embryos through in vitro fertilization, 19 embryos were found to be 
fertilized, with a fertilization rate of 67.9%. Four embryos developed to the blastocyst stage, indicating a 14.3% 
development rate. This study confirmed that the production of fertilized embryos from a seasonal breeder, such 
as elk, is possible via the ultrasound-guided OPU method. Further studies are required to improve the efficiency 
of in vitro fertilization and in vitro culture aiming to improve the efficiency of elk embryo production through 
the transplantation of their fertilized embryos. 
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 P0709   Co-culture of Hepatocytes and Proximal Tubular Epithelial Cells Modulates Hypoxia-induced 
Lipotoxicity  
  

Jongkwon PARK, Seonmyeong CHOO, Soonjo KWON 
Department of Biological Engineering, Inha University, Incheon, Korea 
Corresponding Author Email : playmaker2@naver.com 
 
It is important to deliver oxygen in all organs of our body. Specifically, oxygen consumption rate of hepatocytes 
in the liver is approximately 10 times more than that of other cells, because liver is highly metabolic.1 However, 
oxygen pressure in hepatocytes (30~65 mmHg) is lower than that in tissue cells (35 ~ 104 mmHg).2 Although 
hypoxia does not directly cause renal disease, it can lead to serious disease due to the interaction with the liver. 
For example, recent clinical research indicated that hypoxia condition affects non-alcoholic fatty liver disease 
(NAFLD) which can make kidney disease (CKD) more seriously.3 Therefore, it is critical to develop a model to 
investigate of liver and kidney interaction in hypoxia-induced conditions. In this study, sodium sulfite was used 
to absorb oxygen [Na2SO3 ＋1/2 O2 -> Na2SO4] with 100 μM cobalt chloride for hypoxia condition. Transwell 
plate was used for the co-culture of Huh7 cell line for hepatocytes and HK2 cell line for proximal tubular 
epithelial cells.4 For 24 hours, the co-culture of hepatocytes and tubular epithelial cells in co-culture, not in 
single culture, showed about 20% loss of lactate dehydrogenase (LDH) in Huh7 and 15 percent in HK2 with 
accumulation of ceramide, provoking membrane dysfunction. Myriocin, inhibiting de novo ceramide synthesis 
pathway, was used to ensure debilitating loss of LDH with membrane dysfunction. Myriocin completely 
blocked ceramide synthesis in HK2 and reduced ceramide synthesis to by under 10 percent in Huh7 under 
hypoxia condition. For inferring the reason of lipotoxicity, several markers, SPTLC1, CerS2, PGK1, ACACA, 
PNPLA2, and DGAT2, were analyzed with RT-PCR. CerS2 mRNA levels in Huh7 and HK2 inclined 
significantly in 8 hours and other mRNA levels were analyzed in this study the results showed that the 
interaction of liver and kidney cells were crucial in lipotoxicity provoked by ceramide synthesis in hypoxia 
condition. This study was funded by Natural Research Foundation of Korea, as the Basic Research Laboratory 
Program (1711119453). 
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 P0710   Antioxidant Phage Nanofibers Inducing Angiogenesis 

 
Su-Nam JEONG, So Young YOO 
BIO-IT Foundry Technology Institute, Pusan National University, Busan, Korea 
Corresponding Author Email : yoosy2@gmail.com 
 
Instructive biomaterials provide a vascular niche and protect oxidative stress in injured tissue. Herein, we 
demonstrated that Arg-Gly- Asp (RGD)-engineered bacteriophage nanofibers, furtherly modified with antioxi-
dant/anti-inflammatory peptides, provide a vascular and anti-oxidant niche, thereby having cytoprotective 
functions against cellular oxidative stress. These bioinspired RGD-engineered bacteriophage nanofibers can 
serve as a novel therapeutic platform for ischemic diseases. 
 
Keywords : antioxidant phage nanofiber, stem cells, ischemic diseases 
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 P0711   Phage Based de novo Vascular Niche Engineering 

 
Kshitiz Raj SHRESTHA1, Do Hoon LEE2, Byung Yang LEE2, So Young YOO1 
1BIO-IT Foundry Technology Institute, Pusan National University, Busan, Korea, 2Mechanical Engineering, 
Korea University, Seoul, Korea 
Corresponding Author Email : yoosy2@gmail.com 
 
Implanted stem cell survival/proliferation is the major challenge in stem cell therapy for ischemic disease 
treatment. Extracellular niche plays a crucial role in overcoming surrounding harsh pathological environments 
as well as in stem cell differentiation and other important functions. However, an artificial niche achieved so far 
is not successful especially to fulfill the soft tissue niche. Herein, we exploited an engineered phage displaying 
cell adhesive peptides with a suitable structural cue can provide a controlled soft tissue niche to increase the 
angiogenic efficacy of endothelial progenitor cell (EPC) and to improve the survival of the implanted EPC at the 
ischemic site. Engineered phage successfully modulates physical and biochemical cues to achieve an 
appropriate niche in the functioning of implanted EPC, thus providing a convenient vascular soft tissue niche. 
These biomimetic phages may serve as a promising therapeutic option for curing ischemic diseases. 
 
Keywords : phage, stem cells, ischemic diseases, vascular niche 
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 P0712   Genetic Characterization of Korean Native Black Goats (Capra hircus coreanae) 
  

Sang-Hoon LEE, Kwan-Woo KIM, Jinwook Lee LEE, Seungchang KIM, Sung-Soo LEE 
Animal Genetics Resources Research Center, National Institute of Animal Science, RDA, Hamyang, Korea  
Corresponding Author Email : sanghoon@korea.kr 
 
The Korean native black goat (Capra hircus coreanae) is the only goat species to be officially registered in 
Korea under the Food and Agriculture Organization; however, no systematic research on their genetic diversity 
has been conducted. Herein, we investigate the genetic relationships among the three strains of Korean native 
black goats by genotyping their single nucleotide polymorphisms (SNPs). Based on the results of this analysis, 
their genetic diversity can be better understood. To identify the strains of Korean native black goats, structural 
analysis and principal component analysis were performed using 86 monomorphic SNPs of the same genotype 
for each of the three strains, with a positive outcome. Therefore, the SNP marker set and the analytical methods 
used to identify goats in this study provide a scientific basis for clarifying the unique genetic characteristics of 
Korean native black goats. These findings are expected to be used as a basis to differentiate native and crossbred 
Korean black goat strains and to improve the desirable characteristics of this species. 
  
Keywords : Goat, Genetic characteristics, Korean native black goats, Single nucleotide polymorphisms 
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 P0713   Development of Biomimetic Gut-on-a-chip for Intestinal Absorption Model 

 
Seung Yeon LEE1, Yeon Jae KANG1, Hong Ki LEE2, Dong Hyun KIM2, Jong Hwan SUNG1 
1Department of Chemical Engineering, Hongik Universiry, Seoul, Korea, 2Department of Electrical & 
Electronic Engineering, Yonsei University College of Engineering, Seoul, Korea 
Corresponding Author Email : rkdduswo27@naver.com 
 
 Absorption through the gut epithelium is the main barrier that orally administered drugs have to go through. 
Although Caco-2 based cell culture model is a standard in vitro model system for testing drug absorption, it has 
many drawbacks and does not faithfully mimic human gut absorption. Here, we have developed a microfluidic 
gut-on-a-chip using Caco-2 cells coated with mucin proteins. Mucus-coated Caco-2 cells provide more 
physiologically realistic gut-epithelium environment for studying the absorption process. To test the feasibility 
of using our gut-on-a-chip as a gut absorption model, we cultured gut epiethelial cell line Caco-2 in a 
microfluidic device with separatable cell culture insert. Cells cultured in the insert successfully formed the gut 
epithelial barrier, verified by the measurement of transepithelial electrical resistance (TEER) and drug absorp-
tion study using fluorescent model drugs, as well as confocal miscroscopy. We believe that our gut-on-a-chip 
may serve as a novel in vitro platform for studying gut absorption of drugs. 
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 P0801   Development of Escherichia coli as Host Strain for the Production of 3-hydroxypropionic Acid 
from Acetate 

 
Suman LAMA1, Yeonhee KIM1, Sunghoon PARK1,2 
1UNIST(Ulsan National Institute of Science and Technology), Ulsan, Korea, 2Pusan National University, Busan, 
Korea 
Corresponding Author Email : parksh@unist.ac.kr 
 
Acetate is a common, undesirable by-product during fermentation. The use of acetate as carbon feedstock can 
enhance sustainability and economics of the current bio-productions. In this study, use of acetate as an alter-
native carbon feedstock is investigated with 3-hydroxypropionic acid (3HP) as target compound. To convert 
acetate to 3HP, Escherichia coli was introduced with malonyl-CoA pathway along with acetyl-CoA carboxylase 
and/or NADPH/NADH transhydrogenase. In addition, various combinatorial metabolic modifications, including 
(i) utilization of multiple substrates, (ii) elimination of unnecessary by-product pathways, (iii) modulation of 
glyoxylate shunt, and (v) modulation of gluconeogenesis, have been attempted. Properly developed E. coli 
strains showed a good performance on flask and bioreactor scales and demonstrated that acetate is a promising 
carbon feedstock for the production 3-HP. 
 
Keywords : Acetate, 3-HP, Escherichia coli 
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 P0802   Bio-squalene Production in Engineered Corynebacterium glutamicum Using the CRISPR-Cas 
Systems 

 
Dong Hun KANG, Hyeonbae LIM, Jaehyun PARK, Han Min WOO 
Department of Food Science and Biotechnology, Sungkyunkwan University (SKKU), Suwon, Korea 
Corresponding Author Email : hmwoo@skku.edu 
 
Microbial production of squalene has driven the development of microbial cell factories, triggered by the 
limitation of low-yielding bioprocesses from plants and illegal harvesting shark liver. In addition, RNA-guided 
CRISPR technologies have been applied to microbial cell for rapid development of metabolic engineering in 
microbial cell factories for making it produce desired product like squalene. Those technologies have various 
potential to specific gene knockdown and knockout depending on what kind of CRISPR Cas systems you 
choose. In our study, we have metabolically modified Corynebacterium glutamicum using CRISPR Cas systems 
to produce squalene from glucose. For this, we have used three strategies, one of which is CRISPR-dCas9 based 
gene interference for precursor rebalancing, redox balancing and blocking the competing pathway by targeting 
combinatorial genes (gapA, gdh, and idsA). Second one is CRISPR-Cas12a based gene knockout by introducing 
STOP mutation to 16TH codon (E) in idsA gene. The last one is a plasmid based over-expression of key 
enzymes (dxs, idi, and ispA) belong to MEP pathway and truncated squalene synthase. As a result, we found the 
best squalene production strain with blocking competing pathway by repressing the idsA gene using high-
throughput cultivation. Using this strain, 5.4 ± 0.3 mg/g dry cell weight (DCW) and 105.3 ± 3.0 mg/L squalene 
were analyzed, which was a 5.2-fold increase over the parental squalene production strain. After that, we 
additionally optimized MEP pathway using the last strategy. As a result, we identified additional two key 
enzymes (IspDF) other than the known enzymes (Idi and Dxs). Thus, the combination of those two studies is 
expected to obtain the strain producing squalene more than previously engineered strain. 
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 P0803   Construction of a Bio-circuit System for Identifying the Transcriptional Regulation Using the 
Reporter Gene in Eubacterium limosum KIST612 

 
Byeongchan KANG, Soyoung OH, Young-Joon KO, Ji-Yeon KIM, In Seop CHANG 
School of Earth Sciences and Environmental Engineering, Gwangju Institute of Science and Technology (GIST), 
Gwangju, Korea 
Corresponding Author Email : ischang@gist.ac.kr 
 
In prokaryotes, most metabolic systems regulate the transcription and expression of genes according to 
substrates. Eubacterium limosum KIST612 is Gram-positive, obligately anaerobic, and acetogenic bacterium. 
This strain has a great advantage for the utilization of carbon monoxide as a sole energy source. E. limosum 
KIST612, it is known that transcription and expression of genes are regulated according to the environments and 
substrates by a system called transcriptional regulation through an Omics data analysis. The metabolism of 
carbon monoxide in acetogen strains, E. limosum KIST612, has been studied and revealed. To see how 
transcriptional regulation works out in the metabolic system, the GUS reporter system (ß-glucuronidase) was 
constructed. Bio-circuits for identifying a regulatory system were also constructed by inserting genes that are 
expected to be regulated and a transcription regulatory factor into a GUS reporter system. Through this, it could 
be used the way of understanding the metabolic regulation and establishing a base that can regulate the 
expression level of a specific gene. 
 
Keywords : CO-utilization, Eubacterium limosum KIST612, Transcriptional regulation 
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 P0804   Fine-tuning of AtoB Expression for High Production of Hexanoic Acid in Escherichia coli 

 
Seungjin KIM1, Seong Gyeong KIM1, Sungho JANG1, Gyoo Yeol JUNG1,2 
1Department of Chemical Engineering, POSTECH, Pohang, Korea, 2School of Interdisciplinary Bioscience and 
Bioengineering, POSTECH, Pohang, Korea 
Corresponding Author Email : gyjung@postech.ac.kr 
 
The aim of this study is to demonstrate that rebalancing of metabolic fluxes at acetyl-CoA branch node can 
substantially improve the titer and productivity of hexanoic acid in recombinant Escherichia coli strains. First, a 
hexanoic acid-producing E. coli strain was constructed by expressing genes encoding β-ketothiolase (BktB) 
from Cupriavidus necator and acetyl-CoA transferase (ACT) from Megasphaera sp. MH in a butyric acid 
producer strain. Next, metabolic flux was optimized at the acetyl-CoA branch node by fine-tuning the 
expression level of the gene for acetyl-CoA acetyltransferase (AtoB). Four synthetic 5′-untranslated regions 
were designed for atoB using UTR Designer to modulate the expression level of the gene. Notably, the produc-
tivity of the optimized strain (14.7 mg/L/h) was the highest among recombinant E. coli strains in literature when 
using a similar inoculum size for fermentation. These results show that fine-tuning the expression level of atoB 
is critical for production of hexanoic acid. 
 
Keywords : Hexanoic acid, atoB, UTR Designer, E. coli 
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 P0805   Production of Itaconate from Acetate by Evolutionary Metabolic Engineering in Escherichia coli 
  

Jo Hyun MOON, Myung Hyun NOH, Gyoo Yeol JUNG 
Department of Chemical Engineering, POSTECH, Pohang, Korea 
Corresponding Author Email : gyjung@postech.ac.kr 
 
Utilization of abundant and cheap carbon sources can effectively reduce the production cost and increase the 
economic feasibility. In the previous study, conversion of acetate into itaconate was conducted with rational 
metabolic engineering strategy, proving the potential of acetate as a promising carbon source. However, the 
yield from acetate could not exceed that from glucose. In this study, we applied combinatorial approach to 
further increase the titer of itaconate production from acetate. Initially, the itaconate-specific high-throughput 
screening system (HTS) could be constructed using recently characterized transcriptional regulator and selection 
marker. The selective growth was validated in accordance with the addition of itaconate. Thereafter, Adaptive 
Laboratory Evolution (ALE), utilizing natural selection toward microorganisms under selection pressure, was 
applied to itaconate-producing strain. Evolution was repeated over several rounds and the increase in growth 
rate was observed under the selection pressure. The evolved strain could produce 2.07 g/L of itaconate, a 1.56-
fold increase in comparison with parental strain and the yield could be increased by 1.52-fold. The mutant will 
be additionally characterized with WGS and rational approach will be applied to maximize the itaconate 
production. 
 
Keywords : Evolutionary metabolic engineering, acetate, itaconate, Synthetic biology 
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 P0806   Synthetic Biosensor-based Aldehyde Dehydrogenase Engineering for Efficient 3-
hydroxypropionic Acid Production 

 
Myeongwon MIN1, Joo Yeon SEOK1, Hyun Gyu LIM2, Sunghoon PARK3, Tae Hyeon YOO4, Gyoo Yeol 
JUNG1,2 
1School of Interdisciplinary Bioscience and Bioengineering, POSTECH, Pohang, Korea, 2Department of 
Chemical Engineering, POSTECH, Pohang, Korea, 3School of Energy and Chemical engineering, UNIST, 
Ulsan, Korea, 4Department of Molecular Science and Technology, Ajou University, Suwon, Korea 
Corresponding Author Email : gyjung@postech.ac.kr 
 
3-Hydroxypropionic acid (3-HP) is an important platform chemical, and biological production of 3-HP from 
glycerol as a carbon source using glycerol dehydratase (GDHt) and aldehyde dehydrogenase (ALDH) has been 
revealed to be effective because it involves a relatively simple metabolic pathway and exhibits higher yield and 
productivity than other biosynthetic pathways. Despite the successful attempts of 3-HP production from 
glycerol, the biological process suffers from problems arising from low activity and inactivation of the two 
enzymes. To apply the directed evolutionary approach to engineer the 3-HP production system, we constructed a 
synthetic selection device using a 3-HP-responsive transcription factor and developed a selection approach for 
screening 3-HP-producing microorganisms. The method was applied to an ALDH library, specifically aldehyde-
binding site library of alpha-ketoglutaric semialdehyde dehydrogenase (KGSADH). Only two serial cultures 
resulted in enrichment of strains showing increased 3-HP production, and an isolated KGSADH variant enzyme 
exhibited a 2.79-fold higher catalytic efficiency toward its aldehyde substrate than the wild-type one. This 
approach will provide the simple and efficient tool to engineer the pathway enzymes in metabolic engineering. 
 
Keywords : 3-hydroxypropionic acid, Directed evolution, Synthetic biosensor, Transcription factor, Screening, 
Synthetic biology, Metabolic engineering 
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 P0807   High-level Biosynthesis of Lactate-containing Polyester from Glucose 

 
Seong Jin PARK1, So Young CHOI1, Yu Kyung JUNG1, Sang Yup LEE1,2,3 
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2Applied Science Research Institute, KAIST, Daejeon, Korea , 3BioProcess Engineering Research Center and 
Bioinformatics Research Center, KAIST, Daejeon, Korea 
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Nowadays, there are depletion of natural resources as well as environmental pollution issues and severe climate 
change derived from petroleum-dependent chemical industries. Polyhydroxyalkanoate (PHA) is promising 
alternative material which can replace conventional petroleum-based plastic. PHA shows biodegradability 
within short period, biocompatibility with non-toxicity, and even similar material properties to polypropylene, 
which can lead to extensive applications including biomedical field. Lactate-containing polyester, poly(3-
hydroxybutyrate-co-lactate) (P3HB-LA) is non-natural polyester with practical characteristics and represents 
different thermal and mechanical properties depending on its composition. In the study, Escherichia coli was 
engineered to produce efficiently P3HB-LA and poly(lactic acid) (PLA) from glucose. The metabolic system for 
polymer production was optimized by applying tailor-made PHA synthases and propionyl-CoA transferase. As a 
result, the engineered strain showed enhanced production of lactate-containing polyester and different material 
properties depending on lactate mole fraction. (This study 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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 P0808   Engineering of Escherichia coli to Produce Poly(2-hydroxyisovalerate-co-lactate) 
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Chemical Technology, Daejeon, Korea, 4Division of Chemical Engineering and Materials Science, Ewha 
Womans University, Seoul, Korea 
Corresponding Author Email : leesy@kaist.ac.kr 
 
Systems metabolic engineering has been applied to produce non-natural polyhydroxyalkanotes (PHAs) with 2-
hydroxyacids. Here, Escherichia coli strain was engineered for enhanced production of PHAs with 2-
hydroxyisovalerate (2HIV) monomer. Poly(13.2 mol% 2HIV-co-7.5 mol% 2HB-co-42.5 mol% 3HB-co-36.8 
mol% LA) could be produced in the engineered E.coli by expression of ilvCD, ilvBNmut (feedback-resistant 
mutant), panE along with the engineered propionyl-CoA transferase encoded by pct540 and evolved PHA 
synthase encoded by phaC1437. By additional knock-out of frdB, pflB, and adhE genes, we finally produced 
poly(20 mol% 2HIV-co-80 mol% LA) with polymer content of 9.6% (w/w), which implied efficient production 
of PHAs having 2HIV by engineered branched-chain amino acid metabolism. (This work was supported by the 
Technology Development Program to Solve Climate Changes on Systems Metabolic Engineering for 
Biorefineries from the Ministry of Science, ICT and Future Planning (MSIP) through the National Research 
Foundation (NRF) of Korea (NRF-2012M1A2A 2026556 and NRF-2012M1A2A2026557) and NRF grant 
funded by the MSIP (NRF-2016R1A2B4008707).) 
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Escherichia coli 
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Chemistry & Engineering Division, KRICT, Daejeon, Korea, 4BioProcess Engineering Research Center and 
Bioinformatics Research Center, KAIST, Daejeon, Korea 
Corresponding Author Email : leesy@kaist.ac.kr 
 
Poly(lactate-co-glycolate) (PLGA) has been extensively applied for biomedical and therapeutic purpose. 
Especially, poly(lactate‐co‐glycolate‐co‐4‐hydroxybutyrate) (PLGA-4HB) is promising PLGA copolymer for 
potential biomedical applications. Here, microbial system based on Escherichia coli was utilized for efficient 
production of PLGA-4HB with different monomer compositions and material properties. The terpolymer was 
produced with or without feeding 4HB precursor and expression system of the six heterologous genes was 
adjusted for cell growth and polymer production. Consequently, characterization of PLGA-4HB (3.4–41 mol% 
of 4HB) was conducted in terms of molecular weight, and thermal and mechanical properties. In the fed-batch 
fermentation, the engineered strain finally produced PLGA-4HB, PLGA-4HB-2HB from glucose and xylose 
with polymer content of 65.76 wt% and titer of 6.19 g/L.  
** This study 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). 
 
Keywords : Polyester, Metabolic Engineering, Poly(lactate-co-glycolate), Polyhydroxyalkanoate 
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 P0810   Assimilation of C1 Compounds by Recombinant Escherichia coli 

 
Junho BANG1,2, Seong Jin PARK1,2, Sang Yup LEE1,2,3 
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Utilization of one-carbon (C1) compounds is promising bioconversion tool, which shows low energy 
requirement and eco-friendliness. Here, through reconstruction of C1 assimilation pathway, efficient assimi-
lation of formic acid (FA) and carbon dioxide (CO2) was allowed in Escherichia coli. Moreover, by overex-
pressing the gcvTHP genes and knocking out gcvR gene, the reverse glycine cleavage system was constructed. 
The pyruvate-forming flux from FA and CO2 was increased by further gene deletion and overexpression of the 
rebuilt tetrahydrofolate cycle, gcvTHP, and lpd genes. Furthermore, there was sufficient redox supplying with 
reduced glucose consumption after the introduction of the Candida boidinii formate dehydrogenase (Fdh) gene. 
The engineered strain represented consumption of 21.3 wt% of FA in the C1 assimilation pathway. Inter-
estingly, after depletion of glucose, the cells could maintain slight growth by utilizing solely FA and CO2. The 
result implied cultivation of cell based on C1 compounds as carbon source without glucose. 
** 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 Grant NRF-2016M3D3A1A01913250. 
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 P0811   Enhanced Lycopene Production in Escherichia coli by Expression of Key Enzymes Dxs and 
IspA from Vibrio sp. dhg 

 
Dongyeop BAEK1, Min Jae KIM1, Myung Hyun NOH1, Sunghwa WOO1, Hyun Gyu LIM1, Gyoo Yeol JUNG1,2 
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Microbial production is a promising method that can overcome major limitations in conventional methods of 
lycopene production, such as low yields and variations in product quality. Significant efforts have been made to 
improve lycopene production by engineering either the 2-C-methyl-d-erythritol 4-phosphate (MEP) pathway or 
mevalonate (MVA) pathway in microorganisms. To further improve lycopene production, it is critical to utilize 
metabolic enzymes with high specific activities. Two enzymes, 1-deoxy-d-xylulose-5-phosphate synthase (Dxs) 
and farnesyl diphosphate synthase (IspA), are required in lycopene production using MEP pathway. Here, the 
activities of Dxs and IspA of Vibrio sp. dhg, a newly isolated fast-growing microorganism, were evaluated. 
Considering that the MEP pathway is closely related to the cell membrane and electron transport chain, the 
activities of the two enzymes of Vibrio sp. dhg were expected to be higher than those of Escherichia coli. It was 
found that Dxs and IspA in Vibrio sp. dhg exhibited 1.08-fold and 1.38-fold higher catalytic efficiencies, 
respectively. Consequently, the heterologous overexpression improved the specific lycopene production by 
1.88-fold. These findings could be widely utilized to enhance production of lycopene and other carotenoids. 
  
Keywords : Metabolic Engineering, Lycopene, MEP pathway, 1-Deoxy-D-xylulose-5-phosphate synthase, 
Farnesyl diphosphate synthase, Vibrio sp. dhg 
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 P0812   Modulating Lactam Riboswitch for High-throughput Screening and Selection Efficiency 
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Caprolactam is a monomer used for the synthesis of nylon-6. An intracellular biosensor for caprolactam can 
facilitate high-throughput metabolic engineering of recombinant microbial strains. Because of the mixed 
production of caprolactam and valerolactam in the recombinant strain, a caprolactam biosensor should be highly 
specific for caprolactam. However, a highly specific caprolactam sensor has not been reported. Here, we 
developed an artificial riboswitch that specifically responds to caprolactam. This riboswitch was prepared using 
a coupled in vitro-in vivo selection strategy with a heterogeneous pool of RNA aptamers obtained from in vitro 
selection to construct a riboswitch library used in in vivo selection. The caprolactam riboswitch successfully 
discriminated caprolactam from valerolactam. This riboswitch enabled caprolactam-dependent control of cell 
growth, which will be useful for improving caprolactam production and is a valuable tool for metabolic 
engineering. 
  
Keywords : Caprolactam, biosensor, riboswitch 
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 P0813   fsRNA: A Fusion sRNA for Repression of Multiple Genes and Metabolic Engineering in 
Escherichia coli 

 
Jinho YEOM, Jong Seong PARK, Sumin LEE 
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Regulation of gene expression level is essential to construct cell factories and genetic circuits to balance or 
modulate cellular metabolic fluxes. A synthetic small regulatory RNA (sRNA) is a well-designed tool for 
chromosomal gene repression (1), but sRNAs targeting two genes or more can cause cell growth defects because 
they require much energy for transcription. In this study, we developed a fusion sRNA (fsRNA) that efficiently 
blocked the translation of two or more target genes simultaneously. The fsRNA was designed to contain all of 
the target binding sites of each gene. The repression of multiple genes with a single fsRNA was successfully 
achieved regardless of the order of target binding sites. The only thing to consider in utilizing fsRNA is whether 
it can have any cross-reactivity in other chromosomal genes because it has quite long sequence. In the same way 
as the fsRNA improved the production of violacein in Escherichia coli, it could be well applied to lots of 
research in metabolic engineering and promote construction of optimized cell factories for valuable chemicals. 
** This work was supported by an NRF grant funded by the Ministry of Science and ICT (NRF-
2019R1A2C1088504) 
 
Keywords : sRNA, multi-target sRNA, multiple repression 
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 P0814   A Novel Powerful Platform for Brown Macroalgae Bio-refinery; Vibrio sp. dhg   
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Although brown macroalgae holds a great potential as an alternative feedstock, its utilization by conventional 
microbial platforms has been limited due to the inability to metabolize one of the major sugars, alginate. Here, 
Vibrio sp. dhg, a novel, fast-growing bacterium that can efficiently assimilate alginate was isolated. Based on 
systematic characterization of the genomic information of Vibrio sp. dhg, a genetic toolbox was established for 
its engineering, and 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 was demonstrated. 
Collectively, the Vibrio sp. dhg was expected to be a powerful platform for the conversion of brown macroalgae 
sugars whose usage will dramatically accelerate the production of value-added bio-chemicals. 
  
Keywords : brown macroalgae, alginate, Vibrio sp., metabolic engineering 
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 P0815   3-Hydroxypropionic Acid Production from Methane in a Type II Methanotroph 

 
Diep Thi Ngoc NGUYEN, Ok Kyung LEE, Eun Yeol LEE 
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A type II methanotroph was engineered for 3-hydroxypropionic acid (3HP) production by reconstructing 
malonyl-CoA pathway through heterologous expression of Chloroflexus aurantiacus malonyl-CoA reductase 
(MCR). Two strategies were designed and implemented to increase the malonyl-CoA pool and thus, increase in 
3HP production. Firstly, we engineered the supply of malonyl-CoA precursors by overexpressing endogenous 
acetyl-CoA carboxylase (ACC), substantially enhancing the production of 3HP. Overexpression of biotin 
protein ligase (BPL) and malic enzyme (NADP+-ME) led to a ∼22.7% and ∼34.5% increase, respectively, in 
3HP titer in ACC-overexpressing cells. Secondly, the acetyl-CoA carboxylation bypass route was reconstructed 
to improve 3HP productivity. Co-expression of methylmalonyl-CoA carboxyltransferase (MMC) of 
Propionibacterium freudenreichii and phosphoenolpyruvate carboxylase (PEPC), which provides the MMC 
precursor, further improved the 3HP titer. The highest 3HP production of 49 mg/L in the OB3b-MCRMP strain 
overexpressing MCR, MMC and PEPC resulted in a 2.4-fold improvement of titer compared with that in the 
only MCR-overexpressing strain. This work demonstrates metabolic engineering of type II methanotrophs, 
opening the door for using type II methanotrophs as cell factories for biochemical production along with 
mitigation of greenhouse gases. 
 
Keywords : methanotroph, methane, 3-hydroxypropionic acid  
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 P0816   Metabolic Engineering of Type II Methanotrophs, Methylosinus trichosporium OB3b for 
Production of Lysine and Cadaverine from Methane 
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The production of lysine and cadaverine from methane using engineered methanotroph is a promising and 
sustainable approach. In this study, we metabolically engineered type II methanotrophs, Methylosinus 
trichosporium OB3b and used this strain to successfully produce lysine and cadaverine from methane as a sole 
carbon source. M. trichosporium OB3b was reconstructed the lysine pool to enhance L‐lysine productivity (a 
direct precursor of cadaverine), followed by the co-expression of L‐lysine decarboxylase derived from 
Escherichia coli. This resulting engineered OB3b/cad3 strain produced 30.99 mg/L of cadaverine from methane 
in flask culture. To improve cadaverine titer, cadaverine-lysine antiporter was additionally overexpressed in 
OB3b/cad4 strain, resulting in slightly improved cadaverine production. Fed-batch fermentation using the final 
engineered OB3b/cad4 strain could produce 283.63 mg/L of cadaverine without accumulation of L-lysine in gas 
bioreactor system. These results demonstrate the feasibility of lysine and cadaverine production from methane 
as a sole carbon source using an engineered type II methanotrophic strain for the first time. 
  
Keywords : methane, lysine, cadaverine, Methylosinus trichosporium OB3b, metabolic engineering 
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 P0817   Metabolic Engineering of Bacteria Using Polyketide Synthase-based Malonyl-CoA Biosensor for 
Natural Products Formation 
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In this study, a polyketide synthase is repurposed as a colorimetric malonyl-CoA biosensor. It has its signify-
cance, being applicable in three bacteria strain, Escherichia coli, Pseudomonas putida, and Corynebacterium 
glutamicum. We used colorimetric screening of cells to identify strains with enhanced malonyl-CoA 
accumulation, since RppA converts malonyl-CoA into red-colored flaviolin. Screening 1,858 synthetic small 
regulatory RNA library, fourteen knockdown gene targets were identified, which generally increased malonyl-
CoA level in E. coli. By transforming these knockdown genes to E. coli, we successfully enhanced production 
of two phenylpropanoid (naringenin and resveratrol) and two polyketide (aloesone and 6-methylsalicylic acid) 
compounds to 103.8, 51.8, 30.9 and 440.3 mg/L, respectively.  
** This work was supported by the Technology Development Program to Solve Climate Changes on Systems 
Metabolic Engineering for Biorefineries (NRF-2012M1A2A2026556 and NRF-2012M1A2A2026557) 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. 
 
Keywords : Malonyl-CoA, metabolic engineering, natural products, polyketide synthase, biosensor 
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 P0818   Indirubin Production from Glucose by Metabolically Engineered Escherichia coli 
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Here, we report de novo production of indirubin from glucose by an engineered Escherichia coli strain. First, 
flavin-containing monooxygenase (FMO) and tryptophanase (TnaA) were introduced into E. coli to complete 
the biosynthetic pathway from tryptophan to indirubin. Regulatory repressor gene trpR was knocked out and the 
feedback inhibitions on AroG and TrpE were removed. Then, eight genes involved in the common aromatic 
amino acid pathway were combinatorically screened to enhance the metabolic flux towards the aromatic amino 
acid pathway. Moreover, availability of the aromatic precursor substrates was enhanced by inactivating the pykF 
(pyruvate kinase I) and pykA (pyruvate kinase II) genes, and by overexpressing the tktA gene (transketolase). 
Then, fed-batch fermentation of the final engineered strain led to production of 0.056 g/L of indirubin. The 
metabolic engineering strategies reported here thus allows microbial fermentative production of indirubin from 
glucose.  
** This work was supported 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 of 
Korea. 
 
Keywords : indirubin, indigo, metabolic engineering, synthetic biology, Escherichia coli 
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In this study, an E. coli genome-scale sRNA library (1,858 sRNAs) was constructed based on the previously 
constructed synthetic small regulatory RNA (sRNA) technology which specifically downregulates target genes 
by blocking translation. However, synthetic sRNA cannot be used in engineered strains already having 
incompatible plasmid(s). To this end, an expanded sRNA expression platform was also constructed by 
incorporating compatible antibiotic markers and origins of replication, allowing rapid and multiplex knockdown 
of target genes. The new libraries were employed to construct violacein and indigo producers. The expanded 
sRNA expression vectors in this study will enable construction of microbial cell factories capable of industrial-
level production of valuable natural compounds.  
** This work was supported by the Technology Development Program to Solve Climate Changes on Systems 
Metabolic Engineering for Biorefineries (Grants NRF-2012M1A2A2026556 and NRF-2012M1A2A2026557) 
and the Intelligent Synthetic Biology Center through the Global Frontier Project (Grant 2011-0031963) of the 
Ministry of Science and ICT (MSIT) through the National Research Foundation (NRF) of Korea. 
 
Keywords : Small regulatory RNA, metabolic engineerting, High-throughput screening, plasmid compatibility, 
Escherichia coli 
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Here, we engineered E. coli strain to produce extracellular free heme. First, by optimizing the endogenous C5 
pathway and the downstream heme biosynthetic pathway to increase the heme production. Next, to reduce the 
by-product formation and prevent heme and intermediates from degradation, the ldhA, pta, and yfeX genes were 
knocked out. As a result, under flask condition, up to 1.26 mg/L of extracellular heme and 7.88 mg/L of total 
heme were produced. In addition, the ccmABC genes, coding for the heme exporter, were overexpressed in the 
engineered E. coli strain. By fed-batch fermentation, the final genetic strain accumulated 115.5 mg/L heme from 
glucose and secreted 73.4 mg/L. Furthermore, by supplementing l-glutamate supplementation, both production 
and secretion of heme were enhanced to 239.2 mg/L and 151.4 mg/L, respectively. By applying these strategies 
above, producing free heme at high efficiency by engineered microbial strains will be possible. [This work was 
supported by the Technology Development Program to Solve Climate Changes on Systems Metabolic 
Engineering for Biorefineries (NRF-2012M1A2A2026556 and NRF-2012M1A2A2026557) of the Ministry of 
Science and ICT of Korea.] 
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 P0821   Redistribution of TCA Cycle for High Yield Production of Itaconic Acid in Corynebacterium 
glutamicum 
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Itaconic acid is a promising building block that can be used in industrial production of value-added products, 
such as plastics, resins and detergents. In this study, we engineered C. glutamicum for high-yield production of 
itaconic acid. First, we constructed pMT-tac based vector that carries cadA gene, which converts cis-aconitic 
acid to itaconic acid, and ramA that is involved in transcriptional activation of genes associated with TCA cycle. 
This resulting strain successfully produced itaconic acid while wild type strain didn’t. This vector was also 
transformed to four different strains of C. glutamicum to screen itaconate-overproducing strain. The one strain 
that not only produced more itaconic acid, but also excreted higher percent of itaconic acid than other strains 
was chosen and further engineered. The ATG start codon of icd gene was exchanged to TTG by using CRISPR-
Cpf1 assisted genome editing. The Icd(TTG) strain showed increased production of itaconic acid compared with 
the parental strain. The final strain was constructed to increase the carbon flux toward itaconic acid and 
represented enhanced production of itaconic acid compared with the Icd(TTG) strain. This metabolic engine-
eering resulted in enhancing the titer of itaconic acid. 
  
Keywords : itaconic acid, Corynebacterium glutamicum, redistribution, TCA cycle 
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Poly(3-hydroxybutyrate-co-hydroxyalkanoate) with hydroxyalkanoate contents of 5-10 % has attracted lots of 
attention since it has similar properties of polypropylene and low crystallinity compare to poly(3-hydroxy-
butyrate). Here, we bio-synthesized poly(3-hydroxybutyrate-co-hydroxyalkanoate) by changing metabolic flux 
of fatty acid degradation pathway. We were able to produce monomer for medium chain length hydroxyl-
alkanoate by using fatty acid degradation pathway. When the carbon length of hydroxyalkanoate is reduced or 
elongated to acyl-CoA form of the hydroxyalkanoate it can be directly polymerized by engineered PhaC 
enzyme. The strategies used in this paper can be used simultaneously with de novo fatty-acid synthesis to 
increase the hydroxyalkanoate contents in the polymer.  
** 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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 P0823   Metabolic Engineering of Corynebacterium glutamicum for Production of 4-amino-1-butanol 
  

Cindy Pricilia Surya PRABOWO1,2, Jae Ho SHIN1,2, Jae Sung CHO1,2, Tong Un CHAE1,2, Gyul HAN1,2, Sang 
Yup LEE1,2,3,4 
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Daejeon, Korea, 3Metabolic and Biomolecular Engineering National Research Laboratory and Institute for the 
BioCentury, KAIST, Daejeon, Korea, 4BioInformatics Research Center and BioProcess Engineering Research 
Center KAIST, Daejeon, Korea 
Corresponding Author Email : leesy@kaist.ac.kr 
 
4-Amino-1-butanol (4AB) has been important intermediate for drugs and biodegradable polymers. This is first 
time producing 4-amino-1-butanol from renewable resources. The fermentative biosynthesis of 4AB from 
renewable resource glucose was through newly designed pathway consisting of a putrescine aminotransferase 
(encoded by ygjG) and an aldehyde dehydrogenase (encoded by yqhD) from Escherichia coli. This has 
converted putrescine to 4AB by the metabolically engineered Corynebacterium glutamicum. In order to increase 
the production of 4AB, there were several strategies used such as optimizing culture condition, eliminating 
competing pathways, and fine-tuning the expression of ygiG and yqhD. C. glutamicum has been engineered to 
produce 24.7 g/L of 4AB in a fed batch culture. The strategies used here can be applied for developing other 
microbial strains capable of efficiently producing primary amino alcohols.  
** 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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In order to construct cell factories producing diverse product, wide range of regulation of gene expression is 
necessary. Synthetic small regulatory RNAs (sRNAs) effectively modulate mRNA binding site enabling control 
of gene expression via sRNA abundance with intrinsic limitation of its own expression level. In this paper we 
choose SgrS scaffold as a model sRNA and divided Hfq-binding modules in three regions: the A/U-rich 
sequence, the stem, and the hairpin loop. We found out that a scaffold with an A/U-rich sequence (CUUU), 
(GCAC) and stem length showed 3 times strong and weak expression of DsRed2 compared with original 
scaffold. To show its practicality, we constructed a library of 67 synthetic sRNAs with the strongest scaffold. 
Each scaffold targeted different gene that was rationally selected to increase the yield of cadaverine production 
in Escherichia coli. In all this effort resulted in 27% increase in production (1.67 g/L in flask cultivation, 13.7 
g/L in fed-batch cultivation). This showed engineered sRNA scaffolds can be used to control gene expression 
for strain improvement.  
** This work was supported by 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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 P0825   Synthesis, Characterization, and Application of Fully Biobased and Biodegradable Nylon-4,4 
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Most widely used polyamides is nylons which is produced from petrochemical-derived monomers. Production 
of fully biobased nylon attracted lots of interest as it was possible to produce from fermented diacids and 
diamines. We report production and characterization of two rare nylon which is bionylon-4,4 and -5,4. It was 
produced by fermentation of metabolically engineered bacteria of succinic acid, 1,4-diaminobutane, and 1,5-
diaminopentane. The bionylons produced have shown excellent thermotolerance and water absorptivity and 
used as matting agent of polu(acrynitrile-co-stylene-co-acrylic) rubber to reduce surface gloss. Also, bionylone-
4,4 and -5,4 are found to be biodegradable which reduce the effect on environmental when disposed. The 
strategies used for production of fully biobased nylons such as fermentative monomer precursor production, 
purification, polymerization, characterization, and application can be applied synthesizing other biobased 
polymers from renewable resoruces.  
** 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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 P0826   Development of Coenzyme B12 Sensor by Using Riboswitch and Transcriptional Repressor for 
Signal Tuning 
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Genetic circuits are composed of input, logic, and output parts. Construction of complex circuits for practical 
applications requires numerous tunable genetic parts. However, the limited diversity and complicated tuning 
methods used for the input parts hinders the scalability of genetic circuits. Therefore, a new type of input part is 
required that responds to diverse signals and enables easy tuning. Here, we developed RNA-protein hybrid input 
parts that combine a riboswitch and orthogonal transcriptional repressors. The hybrid inputs successfully 
regulated the transcription of an output in response to the input signal detected by the riboswitch and resulted in 
signal inversion because of the expression of transcriptional repressors. Furthermore, the hybrid input detected 
both exogenous and endogenous signals, indicating potential applications in metabolite sensing. This hybrid 
input part could be highly extensible considering the rich variety of components. 
 
Keywords : Coenzyme B12, Riboswitch, transcription factor, synthetic biology 
  

437



Exploring the Upcoming Challenges in Biotechnology2020 한국생물공학회 추계학술발표대회 및 국제심포지엄: Hybrid-컨퍼런스

2020 KSBB Fall Meeting and International Symposium: Hybrid Conference

 P0827   Cloning and Functional Characterization of Excitatory GABA-gated Cation Channel in 
Nematode 
  

Jun-Ho LEE 
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Corresponding Author Email : junho14.lee@gmail.com 
 
Gamma-aminobutyric acid (GABA) mediates fast inhibitory neurotransmission by activating anion-selective 
ligand-gated ion channels. Although electrophysiological studies indicate that GABA may activate cation-
selective ligand-gated ion channels in some cell types, such a channel has never been characterized at the 
molecular level. Here we show that GABA mediates enteric muscle contraction in the nematode Caenorhabditis 
elegans via the EXP-1 receptor, a cation-selective ligand-gated ion channel. The EXP-1 protein resembles 
ionotropic GABA receptor subunits in almost all domains. In the pore-forming domain of EXP-1, however, the 
residues that confer anion selectivity are exchanged for those that specify cation selectivity. When expressed in 
Xenopus laevis oocytes, EXP-1 forms a GABA receptor that is permeable to cations and not anions. We 
conclude that some of the excitatory functions assigned to GABA are mediated by cation channels rather than 
by anion channels. 
  
Keywords : Gamma-aminobutyric acid, cation-selective ligand-gated ion channels, neurotransmission 
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 P0828   Metabolic Engineering of Methanotroph for Isoprenoids Production from Methane 
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Increasing concerns surrounding the effects of climate change has generated interest in the bio-based production 
of chemicals and fuels from renewable feedstocks. The methanotroph-based biorefinery is attractive to serve as 
potential scenarios for production of a variety of high-value compounds from methane, a promising feedstock 
for industrial biotechnology. In this study, we first demonstrated the feasibility of producing secondary meta-
bolites, sesquiterpenoid, from methane using metabolically engineered methanotrophic bacteria, Methylotuvi-
microbium alcaliphilum 20Z, via the methylerythritol phosphate (MEP) pathway, using α-humulene as model 
compound. For enhancing α-humulene productivity, based on transcriptomic analysis and genome-scale model-
based in silico overexpression simulation, we were able to identify several potential targets for increasing flux 
towards α-humulene production. Several targets from C1 assimilation pathway, MEP pathway and co-factor 
synthesis pathway were probed and evaluated for their effects on α-humulene synthesis. The strategy developed 
in this study can serve as a platform method for the production of diverse isoprenoids from methane using 
methanotrophic biocatalyst. 
 
Keywords : methane, methanotroph, isoprenoids, MEP pathway, carbon flux 
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 P0829   Sustainable Biosynthesis of Chemicals from Methane and Glycerol via Reconstruction of Multi-
carbon Utilizing Pathway in Obligate Methanotrophic Bacteria 
  

Eun Yeol LEE, Hoa Thi Quynh LE, Anh Duc NGUYEN 
Department of Chemical Engineering, Kyung Hee University, Yongin, Korea 
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Methane is a potent greenhouse gas and the second biggest contributor to global warming after CO2 and is 
primary constituent of natural gas and methane-rich biogas. Glycerol is the byproduct in biodiesel industry. 
These potentials make methane and glycerol as accessible and low-cost substrates for industrial biotechnology 
for sustainable production of chemicals and fuels. We engineered obligate type I methanotroph, Methylotuvi-
microbium alcaliphilum 20Z to co-utilize methane and glycerol for the first time by reconstruction of multi-
carbon utilizing pathway. Additional advantage of this approach is glycerol can provide reducing equivalents for 
methane bioconversion due to its high reduced level. To take advantage of this trait, we completely deleted 
methanol dehydrogenase for one-step direct conversion of alkanes (methane and ethane) to corresponding 
alcohols (methanol and ethanol) without supplying inhibitors to prevent further oxidation as well as adding 
exogenous NADH compared to the conventional approach of methane-to-methanol bioconversion. Although 
methane is highly reduced carbon, actual availability of electron for the production of reduced fuels and 
chemicals is limited due to the use of electrons by methane monooxygenase during methane oxidation process. 
We could overcome this issue by co-utilizing methane and glycerol, thus, a 4-fold higher titer of 2,3-butanediol 
production was achieved compared with that of methanotrophic growth. In addition, 11.6 mM methanol and 
12.7 mM ethanol were obtained without supply NADH and chemical inhibitors using the methanotroph in 
which the methanol dehydrogenase (MDH) was deleted. 
 
Keywords : Methane, Glycerol, obligate type I methanotroph, multi-carbon utilizing pathway, methanol 
dehydrogenase, 2,3-butanediol, methanol, ethanol 
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 P0831   Development of in vivo Sensing Biosensor Based Naringenin Riboswitch 
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Various riboswitch-based genetic devices have been developed and applied to diverse fields. Since riboswitches 
should have distinct dose-response curves to meet the requirements, they have been redesigned by rational 
approaches. However, rational approach is applicable only to few riboswitches. Therefore, we developed an 
evolutionary approach for riboswitch engineering. First, we obtained naringenin (NRN) aptamer library by 
SELEX and constructed NRN riboswitch library with the aptamer library, random linker sequences, selection 
marker gene and reporter gene. Then we performed enrichments by dual selection in medium and high NRN 
concentrations. After the selection, we measured the dose-response curves of the enriched NRN riboswitches, 
and half maximal effective concentration of riboswitches were classified according to the NRN concentration of 
enrichments. 
  
Keywords : Biosensor, Aptamer, Naringenin, riboswitch 
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 P0901   ER Stress-driven BCL-2 Overexpression Inhibits Cell Death in CHO Cells 
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As the biopharmaceutical industry expands, various cell engineering approaches have been conducted to obtain 
high quality/quantity biopharmaceutical products in CHO cells. Compared to conventional random integration 
based cell engineering approaches, targeted integration of transgenes into endogenous loci using the CRISPR/ 
Cas9 system can lead to the effective regulation of transgene expression. Here, we engineered CHO cell lines 
using the endogenous tagging method to delay cell death by the expression of anti-apoptotic proteins according 
to the ER stress level. We integrated transgene encoding anti-apoptosis effector protein, hBCL-2, fused to EGFP 
into the endogenous HSPA5 encoding BiP, a major ER chaperone, and primary sensor in the activation of the 
unfolded protein response. The engineered cell line showed that EGFP expression level was changed according 
to the ER stress induced by chemical treatment and batch cultures. Moreover, cell viability was maintained due 
to ER stress-driven autonomous hBCL-2 overexpression. In this presentation, I will present the potential of this 
new engineering that can postpone cell death against cellular stress. 
  
Keywords : BiP, Chinese hamster ovary cells, Cell death, Endogenous gene tagging, ER stress, Transgene 
expression regulation 
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As a versatile genome-editing tool, CRISPR-Cas9 has been used for insertion of transgenes in CHO cells. Co-
transfection of a Cas9/guide RNA expression vector and a donor plasmid enables large transgene knock-in (KI). 
The Cas9 expression cassette includes nuclear localization sequences, which are utilized as peptide tags for 
import of Cas9 into the nucleus. However, import of donor plasmid into the nucleus is passive through either 
diffusion or mitosis due to the absence of such localization signals, thus delivery of Cas9 and donor plasmid is 
not synchronized resulting in low KI efficiency. In order to increase KI efficiency in CHO cells, we engineered 
Cas9 protein fused to a zinc finger (ZF) domain, Cas9-ZF. The donor plasmid harbored the ZF-binding motif, 
thus the Cas9-ZF applied its monomeric C2H2 zinc finger domain to bind the donor plasmid, enabling 
Cas9:donor co-translocation and co-localization to a DNA double strand break site. Cas9-ZF increased KI 
efficiency 1.9 fold compared to the wild type Cas9 using a promoter trap‐based KI monitoring CHO‐K1 cell line 
in a transient setup. This system can be readily applied to any mammalian cells that can be editable by CRISPR. 
  
Keywords : Chinese hamster ovary (CHO), Co-localization, CRISPR/Cas9, Homology-directed repair, Knock-
in, Zinc finger 
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Transforming Growth Factor-β1 (TGF-β1) is a member of the transforming growth factor beta family and 
multifunctional cytokine which is involved in the differentiation, proliferation, apoptosis and matrix formation 
in a cell. Strategy was needed to reduce the amount of methotrexate (MTX) and shorten the time for developing 
high yield cell line in rCHO cell expression system. The selection marker expression is weakened with the use 
of the murine ornithine decarboxylase (mODC) PEST domain to target the murine dihydrofolate reductase 
(mDHFR), for degradation in the cell that produce higher levels of mDHFR, and the adjoining TGF-β1 gene. 
hTGF-β1 cDNA, mDHFR cDNA and mODC PEST were amplified from hMU003536, mMU001575 and 
NU007107 (KHGB; Korea Human Gene Bank), respectively. These amplicons were cloned into the pIRES 
(Bicistronic expression vector). The TGF-β1 expression vector were linearized and transfected into adhesive 
CHO-DG44 cell line, in addition, the selection of clones was performed by cultures in hypoxanthine and 
thymidine negative medium. The rCHO cell containing TGF-β1 construct was subjected to increasing concen-
trations of MTX as DHFR inhibitor. Finally, high yield TGF-β1 producing rCHO cell line was established by 
this strategy. In conclusion, we constructed high yield TGF-β1 producing rCHO cell line and this recombinant 
system may be applied to other recombinant proteins such as therapeutic antibodies. 
 
Keywords : Transforming Growth Factor-β1, CHO cell, dihydrofolate reductase, Methotrexate, murine ornithine 
decarboxylase PEST 
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Chinese hamster ovary (CHO) cells are widely used as mammalian expression host for manufacturing complex 
glycoprotein. Recently, in contrast to untargeted random integration, site-specific integration mediated by 
CRISPR/Cas9 and homology-directed repair (HDR) pathway has been represented as an ideal strategy to 
generate isogenic recombinant CHO cell line. However, extremely low HDR efficiency has hindered its wide 
applicability. We previously demonstrated that double cut donor (DCD), a plasmid template that can be 
linearized in vivo with long homology sequences (650–800 bp), dramatically increased TI efficiency in CHO 
cells, even enabling multiplexed TI. For further improvement, we recombined DCD vector system with CRISPR 
components (i.e. Cas9 and sgRNA) and tested their different relative molar ratio and TI efficiency. We have 
found that co-transfection of sgRNA-DCD vector and Cas9 expression vector with optimized molar ratio 
exhibits enhanced TI efficiency than previous DCD system, which highlights the significance of relative ratio of 
CRISPR-HDR components. In summary, we concluded this optimized CRISPR/Cas9 strategy can help pave the 
way for the development of next-generation CHO cell factories. 
 
Keywords : Chinese hamster ovary (CHO), CRISPR/Cas9, Double-cut donor, Homology-directed repair, 
Multiple knock-in, Targeted integration, Vector construction 
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Estrogen receptor-positive (ER+) breast cancer is a major type, which accounts for about 70% of all breast 
cancer. A human-estrogen receptor alpha 36 (hER-α36) could become a new target to treat ER+ breast cancers. 
For targeted treatment, a single-chain fragment variable (scFv) can be used due to expression in bacterial cells 
and retained high specificity. Herein, we recombinantly produced the anti-hER-α36 scFv in Escherichia coli. 
The anti-hER-α36 scFv gene was inserted into the pET23a vector, expression vector, by using restriction 
enzymes, Xho1, and Nde1. Then, the recombinant plasmid was transformed and expressed in E. coli BL21 
(DE3). The appropriate cell line for expression was selected by dot blotting. Then, the expressed protein was 
purified by His-tag purification. Resultantly, the recombinant protein was identified that its size is 28kDa and 
soluble protein by dot blotting and Western blotting. The anti-hER-α36 scFv was confirmed to be recombinantly 
produced in large quantities cost-effectively. After further identification of its specificity, it might be useful as a 
novel strategy to treat and to diagnosis in anti-estrogen resistance to breast cancer patients. 
 
Keywords : breast cancer, cloning, antibody, single chain fragment variable 
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Generation of functional osteoblasts from human somatic cells could provide an alternative method in rege-
nerative medicinal therapy for bone disorders such as osteoporosis. In this study, we found the direct phenotypic 
conversion of human dermal fibroblasts (HDFs) into osteoblasts by culturing in osteogenic medium to which 
valproic acid (VPA), a histone deacetylase (HDAC) inhibitor, was supplemented. HDFs cultured with VPA up 
to 2 mM exhibited significant deposition of mineralized calcium matrices, which are phenotypical charac-
teristics of functional osteoblasts. Treatment with VPA resulted in no significant cytotoxicity in the 
concentration range showing the direct conversion-inducing effect even though some growth inhibition was 
observed when treated with very high concentrations. Direct conversion into osteoblasts was also demonstrated 
by showing that the HDFs cultured in osteogenic medium with VPA expressed osteoblast-specific genes such as 
alkaline phosphatase, osteopontin, and bone sialoprotein. In addition, as a result of co-treatment with VPA and 
specific inhibitor for activin-like kinase 5 (ALK5i II), which has been demonstrated to induce a direct 
conversion of somatic cells into osteoblasts, a synergy effect was observed in the efficiency of direct conver-
sion. Our findings provide a novel insight for the direct conversion of human somatic cells into transgene-free 
osteoblasts with only small chemical compounds, making bone regeneration using cellular reprogramming 
strategy more clinically feasible. 
 
Keywords : direct conversion, histone deacetylase inhibitor, valproic acid, inhibitor for activin-like kinase 5, 
osteoblast 
 
References  
1. D. Huangfu, R. Maehr, W. Guo, A. Eijkelenboom, M. Snitow, A.E. Chen, D.A. Melton, Induction of 

pluripotent stem cells by defined factors is greatly improved by small-molecule compounds, Nature 
biotechnology 26 (2008) 795-797. 

2. K. Yamamoto, T. Kishida, Y. Sato, K. Nishioka, A. Ejima, H. Fujiwara, T. Kubo, T. Yamamoto, N. 
Kanamura, O. Mazda, Direct conversion of human fibroblasts into functional osteoblasts by defined factors, 
Proceedings of the National Academy of Sciences 112 (2015) 6152-6157. 

  

448



Exploring the Upcoming Challenges in Biotechnology2020 한국생물공학회 추계학술발표대회 및 국제심포지엄: Hybrid-컨퍼런스

2020 KSBB Fall Meeting and International Symposium: Hybrid Conference
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Currently, immune checkpoint inhibitors are in the spotlight as an anticancer drug. Cancer cells express immune 
checkpoints on the surface that inhibit immune cell activity. Immunotherapy-based approach using immune 
checkpoint inhibitors, which enables proper function and activity of immune cells allow killing of cancer 
cells[1]. Nivolumab (brand name Opdivo®) is a FDA-approved immune checkpoint inhibitor antibody that 
targets PD-1 on immune cells[2]. In this study, Nivolumab was expressed by transient transfection in HEK293 
cells[3, 4]. Heavy chain and light chain sequences were cloned into mammalian cell expression vectors and co-
transfected into HEK293 cells. After 72 h, purification was performed using a Protein A column and a clear 
peak was observed from FPLC. This confirmed the expression of the antibody, however, further research is 
required to analyze the productivity and its anticancer effect. 
 
Keywords : Immune checkpoint inhibitor, Anti PD-1 antibody, Transient transfection 
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